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1.1 Introduction
Surgery, literally meaning “handwork” from its Greek origins, is the art of treating a patient for a medical condition by 
using manual and/or mechanical methods. In doing so, the surgeon attempts to achieve a particular medical outcome. 
Surgical skills alone are not enough to achieve the intended outcome, and other factors surrounding both the patient and 
the owner also play an important role. The well-known expression “the operation was a success, but the patient died” 
may lead one to believe that surgery is purely the act of performing an operation. This, however, is rather short sighted 
because many more factors (including ethical and economic) are involved in the surgical process before, during and after 
the operation, which may last weeks to months after the actual procedure itself (Table 1).

Table 1. Factors Influencing Surgical Outcome 

Patient-related factors
• Age
• Bodyweight and condition
• Concurrent disease

Surgeon-related factors
• Skills
• Training
• Experience

Practice-related factors
• Surgical Theater
• Personnel (surgery and anesthesia)
• Hospitalization facilities 

Client-related factors
• Education
• Finances

 

Age, a patient-related factor, is not, as such, a reason to refrain from surgery, but very young and very old patients require 
special considerations. Young patients have an increased risk of developing hypothermia and hypoglycemia, whilst 
geriatric patients may suffer from a subclinical organ dysfunction, which may affect convalescence. Wound healing may 
be delayed in patients with severe malnutrition and obese patients have a higher risk of complications during and after 
surgery. Concurrent diseases such as heart disease or renal failure may increase anesthetic risk and should be identified 
and managed before surgery.

Surgeon-related factors that can influence outcome are based around the skills of the surgeon, the level of training and 
experience with the procedure that will be performed.

Practice-related factors include the surgical theater (overpressure ventilation, electrical safety, management of hygiene), 
the personnel (presence of specialists or technicians qualified in anesthesia, adequate surgical assistance) and facilities 
to hospitalize patients requiring prolonged or intensive care. Client-related factors are the ability of the client to 
understand the procedure and instructions for appropriate aftercare, and the willingness or ability to pay for the costs of 
treatment.

1 - CLINICAL PROBLEM SOLVING IN SURGERY
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1.2 Clinical Decision-Making

Clinical decision-making in surgery is primarily focused on the question of whether or not an operation is the best 
treatment for the disease concerned. The risks and benefits of an operation must be weighed against the risks and 
benefits of other therapies. Attention should also be paid to treatments that may support or expand the effect of 
surgery (physiotherapy, radiation therapy, chemotherapy). Ideally, this assessment is based on the proven efficacy of 
eligible treatments. In veterinary medicine the cost of treatment is an important factor that must also be taken into 
consideration. A stepwise approach can help to weigh the costs against the expected results at critical stages in the 
decision-making process. A diagnostic and therapeutic scenario (or check list) is a detailed description of such an 
approach. In the scenario all steps of the procedure are described in the sequence in which they should be performed. 
The scenario may be represented graphically in an algorithm or flow sheet. 

Diagnostic and therapeutic scenarios are based on evidence from clinical trials and are developed by scientific 
professional organizations with input from scientists and practicing veterinarians. When a professional organization has 
published a scenario, it should be binding for all professionals. Disciplinary judges will use the scenario as a standard for 
professional conduct to which the action of veterinarians is compared.

Unfortunately, evidence-based scenarios are still rare in veterinary medicine. But in the absence of formal scenarios, 
veterinary surgeons may develop their own algorithms. An example is given in Figure 1, which shows an evidence-based 
scenario for the diagnosis and treatment of anal sac carcinoma in the dog. 

The algorithm starts after an anal sac adenocarcinoma has been diagnosed by fine needle aspiration biopsy. Additional 
tests are undertaken (chest X-ray or CT, abdominal ultrasound) to stage the disease. A stepwise approach is followed to 
ensure that each decision is based on a realistic expectation of the results that can be achieved. These are derived (for 
this example) from two clinical studies that describe survival in 113 and 130 dogs with anal sac carcinoma.1, 2 In these 
studies, survival was correlated to the clinical stage with median survival times ranging from 2 (stage 4) to 40 months 
(stage 1). The algorithm illustrates that in advanced stages more treatment modalities are necessary to obtain shorter 
survival times. The expected survival may help to balance the costs of treatment against the outcome. The algorithm 
also depicts the sequence in which decisions are made. 

Stage 1 is the simplest situation: a small tumor without regional or distant metastasis. Treatment consists of one 
modality (resection of the tumor) and is expected to produce good long-term results. In stage 2 the tumor is large 
(> 10 cm2) but there are no regional or distant metastases. If the tumor cannot be removed it may be treated by 
radiation to reduce the size until it has become resectable. Life expectancy after treatment is less than in stage one, 
but still acceptable. Stage 3 is characterized by regional metastases from a small or large tumor. If the metastases are 
resectable, they will be removed; the same applies to the primary tumor. Radiation therapy will be used preoperatively 
or intra-operatively if the metastases or the tumor are too large for removal or postoperatively. When their size has been 
reduced sufficiently, the tumor and the metastases are resected. The costs in this scenario increase with the number of 
treatments, whilst the life expectancy decreases to half of that in stage 2. In stage 4, the disease has spread to distant 
sites. Life expectancy is short, and treatment is mainly palliative.

The advantage of the algorithm is that it provides insight into the costs and benefits of treatment in various stages of 
the disease. This helps the veterinarian and the owner to balance these aspects.

The algorithm’s limitation is that it displays median survival of a group of patients – individual patients may have a 
longer or shorter survival. One should be aware of this limitation when using algorithms.   
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40 months 24 months 11-16 months 2 months

yes

yes no yes no

T resectable N resectable

no yes

no

T resection N resection radiation chemotherapy

T resectable N resectable

stage 2
T2 N0 M0

stage 1
T1 N0 M0

stage 3
anyT N1/2 M0

stage 4
anyT anyN M1

anal sac
carcinoma

Figure 1. Diagnostic and therapeutic algorithm for anal sac carcinoma in the dog. 

An important aspect in the anal sac adenocarcinoma example is the 
assessment whether the tumor (or the lymph node) is resectable. In 
general, tumors are resectable if they can be removed with safe margins 
without causing damage to nearby vital structures (Figure 2). In the anal 
sac adenocarcinoma example, nearby vital structures are the external 
anal sphincter and the pudendal nerve. The close proximity of the 
sphincter to the anal sac excludes resection with wide margins; however, 
the tumor is resectable if it can be removed with narrow margins without 
causing severe damage to the sphincter. Vital structures near enlarged 
lymph nodes may include the rectum and colon, the urinary bladder, 
prostate and ureters, the aorta and the external and internal iliac 
arteries.

Before asking whether or not the tumor is resectable, the surgeon 
must assess whether the patient is operable. The American Society of 
Anesthesiologists has developed a qualification system for the physical 
status in human patients that is also used in veterinary medicine.  

Figure 2. Removal of a tumor in the anal 
sac with safe margins.
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Patients are divided into 5 classes:

Table 2. ASA Classification of Anesthetic Risk* 

I. A normal healthy patient
II. A patient with mild systemic disease
III. A patient with severe systemic disease
IV. A patient with severe systemic disease that is a constant threat to life
V. A moribund patient that is not expected to survive without the operation

* The original qualification has a sixth category that is not applicable to veterinary medicine: a brain-dead patient whose organs are 

removed for donor purposes.

Patients in category I-IV are usually operable, provided that sufficient knowledge, experience and equipment are available 
to deal with complications. In group V, there is little choice, but this category may be decreased to a lower grade by 
providing adequate supportive therapy. An example of this is hyperkalemia in a cat with urethral obstruction. If a 
catheter can be inserted, fluid therapy may move the patient from category V to category IV or III and reduce the risk of 
cardiac arrest and other problems during surgery and anesthesia.  

1.3 Purpose of Surgery in Animals
1. Prophylactic surgery: for instance, to prevent neoplastic disease, e.g., ovariectomy (OVE) for    
 mammary gland tumors, excision of actinic dermatitis from the auricle or nasal plane for squamous   
 cell carcinoma (SCC), and castration for cryptorchid testicles 
2. Therapeutic surgery: in the treatment of e.g., wounds, lesions, inflammation, anatomical changes, tumors
3. Palliative surgery: to improve but not completely cure the disease that the animal is afflicted with   
 (e.g., debulking surgery) 
4. Diagnostic: e.g., biopsy, operations which reveal a disease (like endoscopic exploratory surgery or an   
 exploratory laparotomy)
5. Surgery to increase the animal’s utility for certain purposes: e.g., castration, dehorning
6. Experimental surgery for biomedical research

1.4 Methods for Cutting or Destroying Tissue

1. Cutting with sharp instruments
2. Cutting or destroying tissue using high frequency currents: electrosurgery (‘electric knife’)  
 and radiosurgery
3. Destroying tissue by freezing (and thawing): cryosurgery or cryonecrosis
4. Destroying tissue by the direct application of hot metal or by chemicals: cauterization
5. Localized thermal effect using Light Amplification by Stimulated Emission of Radiation  
 (‘laser’ surgery)
6. Ultrasonic ablation: e.g., Ultrasonic Surgical Aspirator (CUSA)
7. Controlled ablation (coblation)
8. Cutting with radioactive devices (focused radiation therapy including gamma knife)

The latter three devices are rarely available for general veterinary practice due to costs but can be used in specialized 
(university or private practice) clinics or research facilities. Methods 1-5 will be discussed in length in the upcoming 
chapters.

1 - CLINICAL PROBLEM SOLVING IN SURGERY
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1.5 Methods to Control Intra-Operative Hemorrhage
1. Pressure
2. Mechanical devices (sutures, clips and ties)
3. Coagulation devices
4. Laser devices
5. Sealing devices (e.g., the LigaSure, ENSEAL)
6. Drug carrying devices, e.g., gel foam or biomatrix

1.6 Nomenclature
The best way to name operations is to use a combination of anatomical terms and Greek suffixes, thereby describing the 
location and type of operation. Exceptions are operations named after the inventor or surgeon. Examples:

–tomy (cutting):
• Thoracotomy: opening the thorax
• Gastrotomy: incising the stomach

–stomy (making an opening):
• Colostomy: making an artificial opening of the colon on the surface of the abdomen
• Gastroduodenostomy: creating an anastomosis between stomach and duodenum

–ectomy (excision):
• Splenectomy: removing the spleen
• Ovariohysterectomy: removing the uterus and the ovaries
• Ovariectomy: removing the ovaries
• Orchidectomy: removing the testicles (castration)

–plasty (shaping, forming):
• Episioplasty: reconstruction of the vulva

–centesis (perforating or draining):
• Paracentesis: penetrating a body cavity for the aspiration of liquid
• Cystocentesis: penetrating a urinary bladder for the aspiration of liquid

–pexy (attaching):
• Gastropexy: attaching the stomach to the abdominal wall to prevent torsion (volvulus)
• Colopexy: attaching the colon to the abdominal wall to prevent a rectal prolapse

–rrhaphy (suturing or closing):
• Inguinal herniorrhaphy: suturing an inguinal hernia
• Diaphragmatic herniorrhaphy: suturing a diaphragmatic hernia
• Perineal herniorrhaphy: suturing a perineal hernia
• Temporary tarsorrhaphy: temporarily suturing upper to lower eyelid 

It should be noted that the field of surgery extends beyond the surgical procedure alone. Many other therapeutic 
modalities are used too, such as wound dressings, pharmacotherapy, radiation- and physiotherapy, etc.
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2.1 Introduction

Wound infections are common, potentially serious and often expensive complications of surgery. Around 3-5% of all 
companion animals undergoing an operation will develop post-operative wound (or surgical site) infections in spite of 
extensive measures limiting bacterial contamination during surgery and the widespread use of antibiotics (Figure 1). 
The impact of these infections may vary from minor and rapidly overcome by the animal’s immune system, to life 
threatening with disastrous consequences.

2.2 Asepsis

2.2.1 Introduction

Asepsis describes the condition in which living pathogenic micro-organisms are absent. Aseptic techniques can be 
defined as those methods and actions that achieve asepsis and thus prevent wound contamination during surgery. This 
not only includes appropriate preparation of the surgical environment, but also the surgical site itself, the operating 
team and the surgical instruments. In order to achieve this, it is important to work with and adhere to a strict aseptic 
protocol. It is impossible to eliminate all micro-organisms from the surgical site and the surgical field; however, an 
aseptic technique will limit the exposure of the patient to low numbers of micro-organisms which are not harmful under 
normal circumstances.

An understanding of all of the factors that play a role in the 
origin of wound infection is essential, particularly since the 
number of (surgical) procedures under anesthesia in patients 
with a high risk of postoperative infections continues to 
increase. The issue of antibiotic-resistant micro-organisms 
has also become a serious problem in veterinary medicine, 
as these drugs can no longer be relied upon as a solution for 
every surgical infection. In this regard, strict adherence to 
aseptic techniques to minimize wound contamination and 
prevent infection are still the mainstays of successful surgery.

This chapter will cover the principles of asepsis as well as 
disinfection and sterilization. Chapter 6 will further discuss 
surgical infections, antimicrobial prophylaxis and the treat-
ment of surgical infections. 

Figure 1. Clinical signs of inflammation are present 
after prescrotal orchidectomy (castration) in a dog. 
The classic signs include redness, swelling, pain and 
heat.

2 - PRINCIPLES OF ASEPSIS, DISINFECTION & STERILIZATION
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The most common terms used in the area of asepsis, disinfection and sterilization are defined in Table 1.

Table 1. Commonly used terms in the fields of asepsis, disinfection and sterilization

PRINCIPLES OF ASEPSIS, DISINFECTION & STERILIZATION

Surgical infections

Asepsis

Aseptic technique

Sterilization

Disinfectants

Disinfection

Antisepsis

Infections that develop in the operating site within 30 days after surgery. In the case 
of surgical implants, infections developing within one year of surgery are considered as 
surgical infections.

The absence of pathogens in living tissue

Methods and actions that achieve asepsis and prevent contamination during surgery

The process of destruction of all micro-organisms through chemical or physical means 
such as heat and radiation

Chemical compounds that destroy pathogens on inanimate objects, but do not necessarily 
inactivate all viruses and bacterial spores

The use of germicidal compounds on inanimate objects

The use of antimicrobial chemicals on living tissue. Some antiseptics are diluted forms of 
disinfectants that may be used on tissue without causing damage.

2.2.2 Rules for Aseptic Techniques

Working with disinfected or sterilized instruments at the start of an operation is no guarantee for contamination-free 
surgery. In order to ensure that the instruments used, and the wound remain sterile, a number of rules must be observed. 
These rules ideally should be laid down in a standard operating protocol (SOP) for each operating room (OR). The main 
rules are:

• Members of the surgical team must stay within the sterile field at all times.
• Talking during an operation should be limited to a minimum, as talking causes the release of moisture    
 droplets loaded with bacteria.
• Movements in the OR should be restricted and minimalized as movement creates air turbulence which may   
 cause contamination. This also means that only those people who are strictly necessary for the procedure   
 should be present in the OR. 
• All material should be sterilized and only handled by ‘scrubbed’ team members, and vice versa – ‘scrubbed’   
 team members should only handle sterile material.
• When there is doubt about the sterility of material or a tool, it should be considered contaminated.
• Operating tables are considered sterile only on table-top level; everything that hangs over the edge is to be   
 considered as contaminated since the surgeon cannot control what happens to it.
• Operating gowns are sterile when they are unwrapped, but once donned, only the following areas are    
 considered sterile: from hip level to mid-thorax and from the gloved hand to about 10 cm above the elbow.  
 In large animal surgery, extra care should be taken to keep the gown sterile higher up the arm.
• Sterile objects presented in a broken or wet wrapping should be considered contaminated or not sterile.

2 - PRINCIPLES OF ASEPSIS, DISINFECTION & STERILIZATION
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2.3 Sterilization

2.3.1 Introduction 

A complete destruction or elimination of vegetative 
bacteria, bacterial spores, viruses, prions, fungi and fungal 
spores can be achieved by physical or chemical sterilization. 
Critical (surgical instruments, implants, needles, etc.) and 
semi-critical items (items that come into contact with 
mucosa and skin, e.g. endoscopic equipment) should be 
subjected to sterilization. Physical sterilization includes 
the use of heat (steam/thermal energy is the most 
commonly used method in veterinary practice), filtration 
and radiation (mainly used in the industrial preparation of 
sterile material). Ethylene oxide is the most commonly used 
means of chemical sterilization, but physical sterilization is 
considered more reliable. 

Figure 2. Cleaning can be done by hand (especially 
delicate instruments) or in a dishwasher (washer 
decontaminator or sterilizer).

Cold sterilization refers to the process of soaking instruments in a potent disinfectant such as glutaraldehyde or 
hydrogen peroxide. Thorough cleaning should precede all methods of sterilization.

2.3.2 Cleaning

Organic and inorganic (cement, glue, carbon deposits) debris must be removed from instruments prior to sterilization 
as they can lead to corrosion and rusting of instruments, prevent contact of the sterilant with the item’s surface, and 
can lessen the effectiveness of an agent as a result of chemical reactions with the disinfectant. Since debris is difficult 
to remove once dried, the first step of the cleaning process after using the instruments is immersion in a disinfectant or 
a soak in cool water. Cleaning itself can be done by hand (especially delicate instruments) or in a dishwasher (washer 
decontaminator or sterilizer); the latter method also includes thermal disinfection (Figure 2). While manual cleaning is 
cheaper, it is less efficacious and the cleaning tools used, brushes in particular, are a potential source of contamination 
and therefore need to be sterilized or disinfected prior to use. Chemicals used during washing up should be well rinsed 
in order to avoid a chemical interaction with products used at a later stage. The cleaning of instruments may also be 
carried out with an ultrasonic cleaner. Before wrapping and sterilization the surgical equipment has to be dried properly, 
preferably with filtered, medical grade compressed air. 

2.3.3 Wrapping

The wrapping and instrument packing area should be a clean and controlled environment, only visited by trained 
personnel. Instruments with hinges should be opened maximally and packs not too densely packed in order to maximize 
the surface area for contact with the sterilizing agent. The wrapping material used for the instruments to be sterilized 
should satisfy the following criteria:

• It should be permeable to the sterilizing medium
• It should protect against contamination once sterilized
• It should be easy to open, but this should not happen without visible damage to the wrapping

2 - PRINCIPLES OF ASEPSIS, DISINFECTION & STERILIZATION
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The most commonly used wrapping materials are paper, 
laminate pouches and stainless-steel drums or cassettes. 
Instruments should be packed in such a way that they are 
protected from damage and cannot perforate the wrapping 
material. Dry paper is an excellent barrier against bacteria 
(Figure 3). 

In order to limit the risk of contamination through damage, 
a double layer is used. This double layer also allows sterile 
unwrapping: an assistant opens the outer layer whilst the 
operating team opens the sterile inner layer. Laminate pouches 
are a combination of transparent foil and paper. The advantage 
of these pouches is that the content is clearly visible. 
Other forms of wrapping include closed drums, containers and 
cassettes. 

Closed drums are unsuitable for sterilization in an autoclave, as the steam cannot pass through the drum; cassettes and 
containers have vents or filters, which allow the passage of steam. Inside the container is an inner layer of wrapping 
material, usually paper, which can be used after unwrapping as a sterile cover for the instrument table. Closed drums 
may be sterilized in a dry-heat sterilizer.

The wrapping material must have or be fitted with an indicator which changes color at the correct sterilization 
temperature or chemical contact and shows whether or not the product has been sterilized (see 2.5 for sterilization 
indicators). Once sterilized, packages should be properly labelled (type of instrument, sterilization date, expected 
expiration date and initials of person performing the sterilization procedure) and stored in an airflow-, temperature- and 
humidity-controlled environment. 

2.3.4 Steam and Heat Sterilization
Dry heat kills micro-organisms through a combination of oxidation and dehydration (a relatively lengthy process and 
not suitable for certain material such as textiles, rubber and silicone tubes), whilst moist heat kills through coagulation 
and denaturation of cellular protein. Water catalyzes this process and allows for sterilization at lower temperatures 
compared to dry heat sterilization. The time of exposure and the temperature needed to kill bacteria depend on their 
individual sensitivity to heat, which in turn depends on the type of organism and the environment to which it has 
adapted. Bacterial spores, for example, are much more resistant than the bacteria themselves. Pressure, too, is an 
important parameter. If steam is kept in a closed compartment (moist heat; autoclave), an increase in pressure will result 
in an effective increase of temperature. If the exposure to steam at a specific temperature and pressure is long enough, 
the content will become sterile. As a rule of thumb, a time of 15 minutes at a temperature of 121 °C and a pressure of 2 
atmospheres is sufficient to kill even the most resistant micro-organisms and will sterilize all contents of an autoclave 
(steam sterilizer). Higher temperatures allow a shorter exposure time; for example, at 134 °C, only 4 minutes is 
necessary. Textiles and rubber or silicone tubes may be sterilized at 121°C, whilst metal instruments are usually sterilized 
at 134°C.

The term autoclave literally means ‘self-closing’: the door of the sterilization chamber is kept closed by the pressure 
inside. Different types are available, but gravity displacement and pre-vacuum autoclaves are the most common in 
veterinary practice. Gravity displacement autoclaves are most frequently used. The action mechanism of this sterilizer is 
based on the principle that air is heavier than steam. The steam is forced into the chamber under pressure and surrounds 
the material, pushing the air downward, where it can exit through a heat sensitive vent until all air is replaced by steam. 
In pre-vacuum sterilizers, the air is actively pumped out of the chamber, thereby creating a vacuum, after which steam is 
injected into the chamber. This allows for shorter sterilization times, but this type of sterilizer is more expensive.

Figure 3. Dry paper is an excellent wrapping 
material for surgical packs.

2 - PRINCIPLES OF ASEPSIS, DISINFECTION & STERILIZATION
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2.3.5 Filtration

Sterilization by filtration is a technique often used for the air supply in the OR (laminar flow ventilation); however, liquids 
may also be filtered and cleared of micro-organisms and particles.

2.3.6 Radiation

Sterilization using ionizing radiation (e.g. Cobalt 60 or gamma) is used for material that is sensitive to heat or chemical 
sterilization, such as suture material, swabs and disposable operating gowns. Due to its high cost, this technique is often 
limited to industrial use and not suitable for veterinary practice. Even though radiation may be suitable for materials, 
which do not tolerate heat, it may change the composition of certain material (plastic, bone grafts) and drugs. Finally, the 
use of radiation units is associated with significant safety regulations and radiation is considered to be environmentally 
unfriendly. 

2.3.7 Chemical Sterilization

Ethylene oxide is the most commonly used product for chemical, low-temperature sterilization. Ethylene oxide is a colorless 
and odorless gas with a high capacity of penetration and can thus rapidly penetrate permeated wrapped material and 
objects to be sterilized. This technique is recommended only for objects that cannot be sterilized by steam. Ethylene oxide 
is extremely toxic, and objects sterilized by this means must be aired thoroughly before use.

Ethylene oxide is an alkalizing agent that kills micro-organisms through the denaturation of protein, DNA and RNA, and 
is effective against vegetative bacteria, spores, fungi and viruses. It is supplied as a gas mixture with a carrier gas (usually 
carbon dioxide or hydrochlorofluorocarbon) in order to reduce its inflammability; mixed with air or oxygen it is highly 
explosive and inflammable. 

Sterilization with ethylene oxide is also influenced by the concentration of the gas, temperature, humidity and exposure 
time. Doubling the concentration of the active substance will halve the time needed; whilst the activity against organisms 
will double with every 10 °C increase. The optimal temperature lies between 50 and 60 °C. The humidity should not 
increase too much, as the interaction between ethylene oxide and water may lead to undesirable condensation products 
which may damage material such as rubber and plastic. The optimal humidity lies between 20 and 40%.

After sterilization with ethylene oxide, materials need to be well aired to permit the evaporation of absorbed chemicals, 
as residues of ethylene oxide may be harmful to living tissue. A minimum airing time of 7 days in a well-ventilated area is 
generally recommended. This time may be reduced to 12-18 hours if a special aeration chamber (aerator) is used.
As with all chemical products, care should be taken when handling ethylene oxide as exposure to this substance may 
cause irritation to the skin and mucous membranes, nausea and vomiting. In addition, there are safety concerns regarding 
carcinogenic, mutagenic and neurologic effects.

2.3.8 Gas Plasma

Gas plasma sterilization is a relatively new, low-temperature sterilization method without known health risks, and is 
suitable for heat- or moisture-sensitive instruments. This technique makes use of reactive ions, electrons and neutron 
particles for sterilization. An aqueous solution of, for example, hydrogen peroxide is injected into a chamber, where it is 
transformed by electromagnetic energy into a reactive ionized plasma phase, which interacts with micro-organisms. In this 
way, instruments may be sterilized at a relatively low temperature (approximately 50 °C) and within a short time, after 
which they may be used immediately as no aeration is necessary. Gas plasma is unsuitable, however, for liquids or objects 
made from vegetable fibers, such as paper, linen and flexible scopes, as these materials absorb hydrogen peroxide and 
thereby inhibit sterilization.
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2.4 Antiseptics and Disinfectants

Antiseptic chemicals are intended for use on living tissue, whilst disinfectants are used on non-living materials only as 
they often cause tissue damage. A certain substance may have an antiseptic action at low concentrations; whilst high 
concentrations may act as a disinfectant and be toxic to tissue.

2.4.1 Aldehydes

These substances are used for cold sterilization, but due to their antimicrobial action are also, and in particular, used 
as disinfectants. Glutaraldehyde is effective against a wide range of micro-organisms, including bacteria (even spores 
after sufficient exposure), viruses and fungi. The antimicrobial activity is increased in alkaline solutions, but the high pH 
also increases the polymerization speed of glutaraldehyde, thereby shortening its shelf life. The substance is therefore 
supplied as an acid solution, and is activated prior to use by adding an activator, which turns it into an alkaline solution. 
This mixed solution should be used within 2 weeks.
The antimicrobial activity increases with a higher environmental temperature but decreases in the presence of organic 
material. This is why the tools or surfaces to be disinfected should be thoroughly cleaned first with a sterile saline 
solution. The exposure time of glutaraldehyde should be at least 20 minutes.

Glutaraldehyde is extremely irritating to skin (use gloves!) and other tissues and can therefore only be used for 
disinfection and sterilization, not for antisepsis. When using glutaraldehyde, there should be adequate ventilation or 
extractor hoods for the exhaust of toxic fumes. 

Glutaraldehyde is not corrosive and is suitable for the sterilization of delicate instruments with small lenses, such as 
endoscopes. Prior to use, such instruments should be thoroughly rinsed with sterile saline to remove any remaining 
glutaraldehyde. Since safer alternatives are available, the use of glutaraldehyde is decreasing in veterinary medicine.

2.4.2 Alcohols

Alcohols are widely used in veterinary practice, although they are only effective against certain vegetative bacteria 
(through protein denaturation and interference with the metabolism and lysis of cells) and have a poor action against 
spores, fungi and viruses. They are mildly degreasing, are inactivated by organic debris and have no residual action after 
evaporation. Ethyl alcohol and (iso)propyl alcohol are the most efficient skin antiseptics with the least side effects. 
Ethanol (= ethyl alcohol) is commonly used at a concentration of 70 to 80%. This allows a very rapid and effective 
reduction in pathogens, and the resident flora is also reduced considerably. Isopropyl alcohol reportedly has a higher 
bactericidal but lower virucidal activity then ethyl alcohol, but is also a more effective fat solvent, limiting its potential 
use on the skin. 

2.4.3 Chlorhexidine

Chlorhexidine diacetate (a solution) and chlorhexidine gluconate (a scrub preparation) have a rapid and lasting action 
against bacteria, including methicillin-resistant Staphylococcus strains, but a variable and inconsistent efficacy against 
viruses and fungi. Chlorhexidine exerts a bacteriostatic effect in low concentrations (0.05%-2%) by binding to the 
protein of the stratum corneum of the skin. In higher concentrations (2%-4%) it causes coagulation of cellular contents, 
creating a bactericidal persisting residue, killing any bacteria that may emerge from the sebaceous glands or hair follicles 
during the operation. This makes the substance highly suitable as a disinfectant for surgeon’s hands.
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Chlorhexidine has a low toxicity when used as a skin cleaner or as an aqueous solution for wound asepsis, rinsing of 
the mouth or the mucosa of the urinary tract. Even though it may be toxic for fibroblasts in vitro, rinsing with diluted 
chlorhexidine has no negative effects on wound healing. The lowest known bactericidal concentration (0.05%) of 
chlorhexidine diacetate when used intra-articular, however, may cause synovial ulceration, inflammation and fibrin 
accumulation in some species, and should be avoided. Chlorhexidine is noted to be neurotoxic and ototoxic and can 
cause ocular damage in higher concentrations.

2.4.4 Iodine Compounds

Inorganic iodine has a very wide antimicrobial range when compared to other substances. It kills bacteria, fungi and 
viruses, but efficacy against spores is dependent on a prolonged contact time. It is active at low concentrations to these 
organisms, which do not develop resistance to the iodine compounds. 

Less desirable properties of iodine are its odor, tissue irritability, staining and corrosiveness. Iodophors are complexes of 
inorganic iodine and a carrier substance, such as polyvinyl-pyrrolidone (PVP), which together create povidone-iodine (as 
used in Betadine solution and shampoo). This complex has the bactericidal action of iodine but lower tissue irritability 
and staining properties. The iodine in this compound, however, is strongly bound, which may make the standard 10% 
solution insufficiently bactericidal. Dilution of this standard solution will lead to the release of more free active iodine 
and a higher bactericidal action. The skin should be thoroughly cleaned prior to iodine application as organic debris 
may reduce the bactericidal action of iodine. Washing with a povidone iodine solution should take several (at least two) 
minutes in order to allow the release of sufficient free iodine. The toxicity of iodine compounds is low, although individual 
hypersensitivities (mainly adverse skin reactions as erythema, edema, papules and wheals) may exist. Iodine has some 
residual activity. 

2.4.5 Phenols

Phenol, cresol and other coal tar derivates, such as hexachlorophene, are generally considered inferior to chlorhexidine 
and povidone iodine. Hexachlorophene has a relatively slow action but a prolonged residual activity, and its effect is not 
hampered by organic material. Its inactivation by alcohol and proven neurotoxicity make it unsuitable for practical use.

2.4.6 Quaternary Ammonium Compounds

Quaternary ammonium compounds, such as benzalkonium chloride, are cationic surfactants that dissolve lipids of 
bacterial cell walls and membranes. However, they are not effective against viruses, spores and fungi and are inactivated 
by organic debris and by soaps.

2.4.7 Others

Hydrogen peroxide is used to clean highly contaminated wounds, but it is a poor antiseptic. It is particularly effective 
against spores, but the 3% and higher concentrations may cause tissue damage. Hydrogen peroxide is also used to 
improve the cleaning of instruments in combination with an alkaline detergent. 

Parachlorometaxylenol and triclosan have no obvious advantages over the commonly used antiseptics in veterinary 
practice. Triclosan is currently also used in certain suture materials (e.g. Vicryl-plus®). It has broad bacteriostatic 
properties but is less effective than chlorhexidine and povidone-iodine; its residual effect is intermediate between these 
products. 
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Polyhexanide (PHMB), a polymeric biguanide and cationic preservative, inhibits the growth of microorganisms and aids 
in the removal of dirt and debris from chronic wounds. It is commonly used as an antiseptic in chronic and burn wounds 
in people, but studies in animals are currently lacking. It has less toxicity on primary human fibroblasts and keratinocytes 
then other topical antiseptics. 

2.5 Sterilization Indicators

The simple placing of materials or objects in a sterilizer and switching on the machine are no guarantee that the end 
product is indeed sterile. Failure to obtain a sterile product may be caused by insufficient cleaning, mechanical malfunction 
of the system, inappropriate use of the sterilizer or the incorrect wrapping of the instruments. The use of sterilizing 
indicators enables evaluation of the effectiveness of the sterilization. Indicators undergo a chemical or biological change 
due to the combination of temperature and exposure time.

Chemical indicators, which are available for steam, gas and plasma sterilization often consist of paper strips or tape that 
have been impregnated with a substance that changes color after reaching a certain temperature. It should be noted that 
this technique only measures one criterion (temperature) but gives no information about the duration of exposure. For this 
reason, some autoclaves are fitted with temperature-time writers, which register both the temperature and exposure time 
(physical indicator).

The use of biological indicators is the surest way to assess sterility. A strain of highly resistant, non-pathogenic, spore-
forming bacteria (Geobacillus stearothermophilus for steam, Bacillus atropheus for ethylene oxide) can be added in a small 
glass container or on a paper strip. After sterilization, the content of the container or strip is cultured; in the case of 
growth, the sterilization was insufficient.

For both methods, the indicators should be placed in several locations in the sterilizer (e.g. in the center, in a corner or on 
the outside of an instrument) as the conditions within the sterilizer are not necessarily identical everywhere.

2.6 Preparing the Operation

Complications arising after the surgical intervention may often be reduced or even prevented by the correct preparation 
of the surgeon and the patient. The skin of both the surgeon and the patient is colonized with transient and resident 
pathogens present in the environment (see 2.6.2 on preparing the surgeon). The skin of the patient normally forms a 
barrier against environmental pathogens, but this barrier is broken during surgery. The surgical environment, the surgeon 
and the patient are prepared in order to remove transient flora and reduce the number of resident flora so as to minimize 
the number of bacteria that may contaminate the wound during the operation. This section will deal specifically with the 
preparation of the patient and the surgeon, although the design of the OR should also be taken into consideration.

2.6.1 Preparing the Patient

Most companion animals that need to undergo an operation are reasonably clean, but pets that spend much time outdoors 
and large animals kept in stables may need to be washed in order to clean off dirt and to reduce the bacterial population 
of the skin and coat. The clipping or shaving of hair from the operating field should be undertaken outside the operating 
room. A wide margin should be kept allowing for a prolongation of incisions, if necessary, and to prevent contamination 
from the margins. Hair may be removed by either wet (blade) or dry (clippers) shaving. Due to the epidermal damage 
caused, shaving (and wet shaving in particular) may lead to a tenfold increase in postoperative wound infections. For this 
reason, it is best to shave immediately prior to the operation.

2 - PRINCIPLES OF ASEPSIS, DISINFECTION & STERILIZATION



28

After positioning the patient, loose hair may be removed together with organic debris. This is followed by an initial 
surgical site preparation with a soap containing povidone iodine or chlorhexidine. After washing, the field should be 
rinsed with water, saline or alcohol.

Depending on the protocol used – which may vary depending on the institute and species – this is followed by 1 to 2 
washes with the products mentioned above (Figure 4). This washing should be restricted to the area of the expected 
incision followed by circles around this area (‘from inside to outside’ and ‘from clean to dirty’) until the used swabs 
(4x4’s) come away visibly clean. After the area is made dry with clean 4x4s, a final antiseptic solution (alcohol with 
chlorhexidine or povidone iodine after degreasing the skin with alcohol) may be applied. Once this is dry, the patient may 
be draped.

2.6.2 Preparing the Surgeon

A surgeon should change into special operating clothes, which are 
clean, comfortable and only worn in the operating room in order to 
reduce environmental contaminants to a minimum. For the same 
reason, the surgeon should wear special operating shoes or clogs which 
should be kept clean and not leave the operating room (Figure 5).

During preparation of the operation, all head and facial hair should 
be covered with a disposable or washable cap or bonnet, as hairs are 
easily contaminated with environmental bacteria. If these hairs fall 
out during surgery, they may contaminate the surgical field. The use 
of surgical headwear leads to a proven reduction in wound infections. 
A disposable mask will protect the wound against sweat droplets 
and nasal discharge from the surgeon, but it does not constitute an 
effective bacterial filter. However, when donned correctly, they direct 
the airflow away from the operating wound and may thereby reduce the 
risk of wound infection. Although this has never been proven by clinical 
research, surgical specialists nevertheless see this as an important part 
of the ‘antiseptic attitude’. Mouth masks should be replaced after every 
operation in order to avoid saturation with moisture.

Once properly dressed, the surgeon should aseptically prepare the 
skin of his/her arms to eliminate any transient and/or resident flora. 
Transient flora consists of micro-organisms which have arrived by 
coincidence on the skin, but which do not multiply and generally die 
spontaneously over time. Transient flora mainly resides at the surface 
and can largely be eliminated mechanically (by washing). Resident 
flora comprises the natural bacterial population of the skin. These are 
mainly micrococci, in particular Staphylococcus pseudoepidermidis, 
corynebacteria and sometimes Staphylococcus aureus in dogs and cats. 
However, other pathogens may also colonize the skin. 

Figure 5. The surgeon, nurse and 
sterilizing assistant should wear special 
and clean clothing.
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Figure 4. The wound area on the lower 
leg of a cat is cleaned prior to the opera-
tion. This should be performed as gentle 
as possible.

Resident flora is more deeply located and more difficult to eliminate than transient flora. Special washing protocols have 
been designed to decrease resident flora and limit their potential contamination of the surgery site. These protocols may 
vary according to country or region. In the Utrecht University Department of Clinical Science of Companion Animals, 
we use, for instance, the Dutch national working group Infection Prevention protocol for the cleaning and aseptical 
preparation of hands. Alternatively, an international hand hygiene protocol, in multiple languages, is available via 
www.veterinaryhandhygiene.eu (Figure 6).

http://www.veterinaryhandhygiene.eu/
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Figure 6. An international hand hygiene poster in multiple languages is available via www.veterinaryhandhygiene.eu.

Clean Hands Save Lives
Pre-Surgical Hand Asepsis Protocol

4 Steps: Hygiene, Wash, Disinfect and Care

It’s in your hands!
www.veterinaryhandhygiene.eu

www.veterinaryhandhygiene.euClean Hands – Safe Animals

w
w
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1.5 minute rub with Hydro-Alcoholic Solution (Sterillium®)*
This is the hand disinfecting step. Keep solution wet for 1.5 minutes on skin.

Good Skin Care (Baktolan cream®)
Take care of your hands when leaving the surgical theater.

1 minute handwash with Neutral Soap (Baktolin®)
This is a cleaning procedure. Before the 1st surgery of the day or when hands are visibly soiled.

Surgical personel should always take care of hand hygiene
Have a proper hand hygiene in and outside the surgical theater.

Time your 1.5 minute rub!
Apply on hands and forearms. 

Rub over hands, forearm and elbow.  
Include upper arm in abdominal  

procedures (Large animals).

Apply cream on back of hands, rub hands back to back then rest of hand.

» World Health Organisation Hand Hygiene Guidelines: http://www.who.int/gpsc/en/
» Verwilghen D. et al (2011), Vet Surg, 515- 521
» Widmer AF (2013): J Hosp Infect, Suppl. 1:S35-9Document prepared by Denis Verwilghen, June 2014

Concentrate on areas often missed.
Allow to dry before gloving! 

Don’t wave hands!

Use soap and  
a dry sponge.

Clean Hands

Gently wash hands and forearms including elbow 
without brushing.

Short nails

Pick and brush fingernails,  
rinse with water.

No jewellery
No artificial nails

No nail polish

Dry hands and arms
with regular paper.

No wounds

Areas frequently missed  
during disinfecting step!

Areas frequently missed
during disinfecting step.

Most frequently missed.

RE
FE

RE
NC

ES

* Timing based on the use of Sterillium (Bode-Chemie, Hamburg, Germany). For use with any other products, assure the hydro-alcoholic solution used meets  
the prEN 12791 requirements for surgical hand asepsis and verify approriate timing according to manufacturers recommendations.

3 4Skin Care

1 2Hand Washing

1Hygiene

3Hand Disinfection
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The popularity of antibacterial soaps has decreased since it was revealed that the reduction of transient bacteria, they 
bring about is equivalent to that of ordinary soap, and considerably less than the rubbing-in of alcohol-based solutions. 
Most commercial cleansers of the surgeon’s hands are a combination of alcohol and antiseptics such as chlorhexidine. 
The addition of chlorhexidine does little to contribute to the initial rapid bactericidal effect obtained by alcohol alone, 
but it delays the regrowth of residential flora as a result of its residual activity.  This residual activity ensures that the 
number of bacteria inside the surgeon’s glove remains low for several hours and is vital in view of the frequent occurrence 
of mini perforations in operating gloves. In surgery, alcohol antisepsis with residual action has largely replaced lengthy 
scrubbing with water and (disinfecting) soap.

The Dutch working group Infection Prevention has drawn up the following guidelines for preoperative aseptical 
preparation of hands (2012):

• Wash hands with water and soap; use a soft brush for the nails and knuckles to remove visible dirt
• Dry well with clean paper towels
• Rub hands and arms with antiseptic solution according to manufacturer’s guidelines
• For instance, 5-10 ml chlorhexidine 0.5% in ethanol 70% until the skin is dry, followed by another rub with  
 5-10 ml chlorhexidine 0.5% in ethanol 70% until the skin is dry OR
• Rub hands and arms with 80% ethanol (Sterilium®) solution for 90 seconds, starting with the fingers and  
 spreading to the entire hand and onto forearms, ensuring hands remain moist for the entire application time               
• Don operating clothes (disposable or not) and gloves

For every subsequent operation during the same session, a simple disinfection is sufficient (unless the surgeon has left 
the OR between operations).

2.6.3 Operating Gowns

Operating gowns should always be used in the case of invasive surgical procedures. They should be impermeable to water 
and bacteria and should be fire resistant (in case laser or electrocoagulation techniques are used). Both cotton, reusable 
gowns (cheaper, but they need to be washed and stored) or disposable gowns (more expensive and wasteful, but less risk 
of contaminating the operating environment caused by fluid penetration) are available. Most studies show that the use 
of disposable gowns decreases the contamination rate and, to some extent, the surgical infection rate as well. 
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The surgeon takes the gown from its sterile wrapping and 
opens it in such a way that the arms can be put into the 
sleeves without exteriorizing the hands (the gown is opened 
at the back; the front is in one piece). The gown can then 
be tied or closed at the surgeon’s back by an assistant, who 
should take care not to touch any part of the gown that needs 
to remain sterile. Once the surgeon has gloved, he may hand 
the disposable gown’s sterile, detachable, cardboard tab to an 
assistant, who will help to fasten the gown. The tab is found 
in the front of the gown and is attached to a fastening strap. 
Once the assistant has a hold of the tab, the surgeon may spin 
around until the gown is wrapped around his body and can 
take the fastening strap from the assistant. It is important 
that the assistant retains the detachable cardboard tab, as it 
has been contaminated during the exercise. The surgeon can 
now tie the fastening strap to the strap found on the left-hand 
side of the gown (Figure 7).

Figure 7. Surgeon wearing a sterile disposable 
operating gown.
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The gloves are positioned with the 
cuffs pointing towards the surgeon.

The right-hand glove is picked up by 
the folded cuff with the ‘closed’ left 
hand (still inside the sleeve of the 
operating gown).

The right-hand glove is placed over 
the right hand, with the thumb 
of the glove on the thumb of the 
‘closed’ right hand and the glove 
fingers pointing towards the elbow.
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Closed Gloving Procedure (Figure 8)

2.6.4 Gloves

The use of gloves during surgical procedures is always recommended. This not only results in a reduction in bacterial 
contamination of the operating field by the continuously present residential flora on the surgeon’s hands, but also 
prevents the development of allergies and contact dermatitis against blood and blood protein, which may arise due to 
permanent exposure.

Most gloves are made of latex, intended for single use and available in various sizes. Wearing the correct size is of great 
importance for the surgeon. Oversized gloves may complicate the handling of instruments and suture material; whilst 
undersized gloves may lead to a decreased sensitivity of the fingers. 

Gloves usually contain magnesium silicate powder to facilitate their donning. Once donned, the outside of the gloves 
should therefore be rinsed briefly before they come into contact with the patient to prevent any possible tissue 
reactions against this substance. In some cases, the surgeon may develop a skin reaction to the latex or the powder. 
Hypoallergenic gloves made of non-latex materials such as vinyl, nitrile rubber or neoprene and powder-free medical 
gloves are also available.

Gloves should be inspected before and at regular intervals during the surgical procedure for perforations and other 
defects. Studies have shown that 2.7% of all gloves leak water, and up to 13% have undiscovered perforations after the 
procedure. In some (orthopedic) procedures, a double glove technique is used.

Gloves may be put on using a closed or an open technique. Closed gloving is preferred, as this prevents accidental 
contact between the surgeon’s fingers and skin and the outside of the gloves. With experience, it is possible to put on 
gloves using this method rapidly and safely, in particular when using disposable operating gowns. It is important to 
ensure that the cuff of the gloves reaches well over the cuff of the operating gown.
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The edge of the inside glove cuff 
(closest to the right hand) is 
grasped at its base by the ‘closed’ 
right hand. The outer base of the 
cuff (closest to the left hand) is 
taken by the ‘closed’ left hand...

...and pulled over the back of the 
right hand.

With the cuff held in place by the 
left hand, the right-hand fingers are 
put into the glove.

4 5 6

Closed Gloving Procedure (Figure 8) continued

The inside (uppermost) free cuff 
edge is taken by the ‘closed’ left 
hand...

... and is pulled over the right wrist. The fingers are positioned into the 
glove with help of the ‘closed’ left 
hand.

7 8 9

The cuff is pulled downward by the 
‘closed’ left hand.

The folded cuff of the left-hand 
glove is picked up by the right hand.

The left-hand glove is placed on the 
‘closed’ left hand, with the glove 
thumb over the left-hand thumb 
and the other glove fingers pointing 
towards the elbow.

10 11 12
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The inside cuff is grasped at its 
base by the ‘closed’ left hand. The 
outer cuff base is taken by the right 
hand...

... and is pulled over the back of the 
left hand.

The inside (uppermost) free cuff 
edge is then taken by the right 
hand...

13 14 15

Closed Gloving Procedure (Figure 8) continued

... and is pulled upwards over the 
wrist.

With the glove held in place by the 
right hand, the fingers of the left 
hand are slid into the glove.

16 17

The gloves are positioned with the 
cuffs pointing towards the surgeon.

The left hand picks up the right-
hand glove by the folded cuff base.

The fingers of the right hand are 
slipped into the glove. Take care to 
insert the thumb on the correct side 
and not to touch the sterile parts of 
the glove (outside of the glove).

1 2 3

Open Gloving Procedure (Figure 9)
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Using the left hand, the folded cuff 
base of the glove is pulled over the 
cuff of the operating gown, taking 
care not to touch the gown with the 
left hand.

The cuff is released by the left hand. The index and middle finger of the 
right hand are slid under the free 
cuff edge of the left-hand glove.

4 5 6

Open Gloving Procedure (Figure 9) continued

The left-hand glove is picked up 
by the 2 fingers inserted into the 
folded cuff…

… and the left hand carefully slipped 
into the cuff.

7 8

With a smooth movement, the 
right hand pulls the free cuff edge 
over the cuff of the operating gown 
whilst the left hand is further 
inserted into the glove.

9

The index and middle finger of the 
left hand are slid under the free cuff 
edge of the right-hand glove.

With a smooth movement, the left 
hand pulls the free cuff edge over 
the sleeve of the operating gown, 
whilst the right hand is further 
inserted into the glove.

The end result.

10 11 12
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2.6.5 Draping the Sterile Field

For the draping of the sterile field, both cotton and disposable drapes are available. Disposable adhesive drapes are 
preferable as they are easy to put on and stay in place without the need for towel clamps, which cause micro-perforations 
of the skin. Furthermore, contamination, such as blood and fecal material, may be difficult to remove from cotton drapes. 
In the standing animal, draping is more complicated and draping with laces or adhesives are preferred.

The drapes should be positioned in such a way that a breach in asepsis is avoided. All visible parts of the patient and the 
operating table should be covered. The operating field itself should remain exposed, with a small margin on all sides to 
allow prolongation of the incision if necessary, and the placement of active or passive wound drains.

By placing the drapes, a surgical field is created which is only considered sterile at the level of the operating wound 
and above (but not beneath, i.e. the hanging sides of the drapes), and the front of the surgeon’s gown, from below the 
shoulders to the waist and including the arms. The gloved hands of the surgeon and the operating team should therefore 
remain within this area at all times!
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3.1 Introduction

Surgical instruments are made of stainless steel. Stainless steel has a high, but not complete, resistance against 
corrosion. Carbon inlays are sometimes used for parts needing extra strength and which are prone to excessive wear and 
tear by frequent use (such as needle holders). Fine instruments are made of titanium alloys and require extra care when 
cleaning and sterilizing. Gold-colored handles often indicate instruments of superior quality. 

3.2 The Surgical Knife

The surgical knife used to cut tissues is referred to as a scalpel and is usually made up of a Bard-Parker-type handle 
(Figure 1a) with a disposable blade. The most commonly used disposable blades are numbers 10, 11, 12, 15 and 22. 
Every type of blade has a special shape and purpose (Figure 1b). Disposable blades guarantee a sharp knife at all times 
and create less trauma than non-disposable ones and are therefore usually recommended. Disposable blades should 
be used with caution, however, in joints or for deep cuts in solid connective tissue since there is an increased risk of 
breakage and loss of part of a blade in these situations. For these special indications, other scalpels are available. 
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Figure 1a. 
Bard-Parker scalpel 
handle.

Figure 1b. From left to right, surgical blades number 10, 
11, Beaver blade no. 6400, 22, and 12.

Figure 1c. Beaver blade holder.

Figure 2. Pencil grip of scalpel and blade.

In otorhinolaryngologic, reconstructive, ophthalmic and some orthopedic surgeries, very small, disposable, so-called 
‘beaver’ blades are used. These blades are used for delicate incisions; for instance, a 6400-rounded blade can be used 
during partial meniscectomies. Several blade types are available, and they require a specific beaver blade holder 
(Figure 1c).

The ‘pencil grip’ is used for short or sharply curved incisions. In this grip, the muscles of the hand and the upper arm are 
used to direct the scalpel, allowing small and accurate movements. As the scalpel is held almost vertical and mainly uses 
the tip of the blade, it is only in partial contact with the wound edges. This facilitates the making of curves and improves 
the accuracy of the incision (Figure 2).
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The ‘fingertip grip’ or ‘palm grip’ is used for long, slightly curved or straight incisions. The scalpel is held more horizontally 
so that the blade is in contact with the tissue over a longer distance (using the belly of the blade; Figure 3). This grip 
stabilizes the scalpel and reduces the effect of the variable blade pressure on the depth of the incision. In this grip, the 
scalpel is predominantly guided by the arm muscles. There is less radial deviation, which makes the grip less tense. The 
incision should be made with a fluid movement without removing the blade from the wound. This avoids the ragged edge 
of several subsequent incisions. When cutting through the skin, the free hand may pull the skin tight for better control of 
the scalpel pressure and hence the depth of the incision (Figure 4).

When making a stab incision, the scalpel is placed perpendicular to the tissue and is pushed downwards until the 
resistance of the upper layer is overcome and the scalpel penetrates into the tissue. As this often occurs abruptly, stab 
incisions are only carried out if there is sufficient room beneath the surface for the scalpel to enter without causing 
damage (Figure 5a and 5b). Examples include the opening of liquid- or gas-filled cavities (abscess, hygroma) or organs 
(urinary bladder, stomach).

Care should be taken when fitting or removing blades in order to avoid iatrogenic trauma to the patient, assistant or 
veterinary surgeon (Figure 6). The blade can be attached to the handle using either a special instrument or a needle 
holder. The blade should be grasped with the cutting edge facing away from the operator, and the central ridge of the 
handle pushed into the central blade socket. The authors prefer this technique over using fingers to grasp the blade to 
avoid iatrogenic trauma. To remove the blade, the end should be lifted with a needle holder and the handle pulled away 
from the blade.
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Figure 3. Palm grip of scalpel and blade. Figure 4. Pencil grip and incision 
while the surface is pulled tight.

Figure 5a. Correct placement of a 
stab incision.

Figure 5b. Correct placement of a 
stab incision.

Figure 6. Correct way of fitting a 
blade on a scalpel handle.
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3.3 Scissors

Scissors consist of the following parts:

• Blades
• Joint
• Legs
• Eyes

Scissors are held in the index-ring finger-thumb grip or three-point grip, where the fingers form a triangle with a wide 
base, resulting in a stable grip and good guidance control.

There are two types of scissors: dissecting scissors and ligature scissors. Dissecting scissors have smooth, polished 
blades with rounded tips for minimal tissue trauma. They are used for both cutting and blunt dissection. Cutting is 
considered as sharp trauma, dissection as blunt trauma. Sharp trauma damages less tissue than blunt trauma, but the 
damage itself is usually more severe and more difficult to repair than that following blunt trauma. Blunt dissection is 
primarily used if the area where the tissue needs to be parted is not clearly visible and there is a danger of accidentally 
transecting blood vessels or nerves. Dissecting scissors may be straight or curved. Straight scissors are used only if 
cutting in straight lines is necessary (for example, the opening of the abdomen along the midline). Curved scissors are 
used if cutting in a straight line is not absolutely necessary or if both cutting and blunt dissection are required. 

The precision of cutting is largely determined by the amount of tissue positioned between the blades of the scissors. In 
order to cut with accuracy, the scissors should not be opened too wide; cutting small amounts of tissue with the tip of 
the scissors is easier to guide than the cutting of large amounts with the whole ‘bite’. When curved scissors are used for 
straight cutting, they should be held in such a way that the tip of the blades point straight ahead. When cutting with a 
‘forehand’ hold, the convex side is best placed on the outside; in this way, the wrist does not need to be bent as much as 
the other way around (Figure 7a and 7b). The same applies when cutting in ‘backhand’ position. However, when changing 
from ‘forehand’ to ‘backhand’, the scissors should be rotated 180° on their long axis. In such cases, it is easier to hold the 
scissors with the convex side towards the operator in ‘backhand’ position; however, it may even be easier to avoid cutting 
‘backhand’ altogether. Right-handed surgeons may achieve this by starting the incision at the extreme right-hand side; in 
this way, cutting is only necessary from right to left. Left-handed surgeons should start on the left-hand side.
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Slide cutting is a special form of 
cutting where the scissor blades 
are not alternately opened and 
closed but are kept at a fixed angle. 
The tissue is parted by pushing the 
scissors forwards without moving 
the blades; in doing so, the scissors 
act as a double knife. This method 
of cutting is used in particular for 
incising loose tissue layers, such 
as the peritoneum, pleura and 
pericardia. 

Figure 7a. Three-point grip with 
Mayo dissecting scissors, inside view.

Figure 7b. Three-point grip with Mayo 
dissecting scissors, outside view.

Blunt dissection is obtained by inserting the scissors in closed position and opening them once inside the tissue to 
separate tissue layers. The round edges of the blades ensure that damage to delicate structures is avoided.
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The most commonly used dissecting scissors are Mayo scissors (wide model; Figure 8a and 8b) and Metzenbaum 
scissors (narrow model; Figure 8c). These scissors should not be used for cutting suture material as this may make them 
blunt. Ligature scissors should be used to cut suture material (Figure 8d). Lister bandage scissors can be used to cut 
bandage material and aid in applying and removing bandages (Figure 8e).

Figure 8b. Straight 
Mayo scissors.

Figure 8c. Curved 
Metzenbaum scissors.

3.4 Forceps

Forceps are surgical instruments used for delicate tissue handling, not fixation. Generally, two types of tissue handling 
forceps are distinguished: operating and dissecting forceps. Operating forceps are toothed (Adson, Adson-Brown), 
while dissecting forceps are not. The use of dissecting forceps has greatly diminished since the introduction of so-called 
atraumatic surgical forceps (Figures 9a and b). These forceps have a special profile which allow the fixing of the tissue 
with minimal pressure. Atraumatic forceps were originally designed for cardiac and vascular surgery and carry the names 
of famous (US) heart surgeons: DeBakey and Cooley. These forceps are now also used in gastro-intestinal surgery and 
urology, and increasingly for finer tasks in general surgery.

Figure 8a. Curved 
Mayo scissors.

Figure 8e. 
Bandage scissors.

Figure 8d. Curved 
ligature scissors.

Figure 9a. Atraumatic 
(Debakey) forceps close up.

Figure 9a. Atraumatic 
(Debakey) forceps.

Figure 9b. Traumatic 
(operating) forceps 
close up.

Figure 9b. Traumatic 
(operating) forceps.
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Forceps are held so that one leg is placed as a prolongation of the index finger, the other as that of the thumb (pencil 
grip) (Figure 9c). This allows the instrument to be guided with precision. If the forceps are held like the handle of a 
saucepan, however, deeper parts may only be reached by excessive bending of the wrist, which severely limits their 
manipulation (Figure 9d). If the forceps are used frequently and intermittently, for example when placing interrupted 
sutures, they can be held in the palm of the hand (Figures 9e and 9f).

3.5 Needle Holders

Needle holders are delicate 
instruments that aid the passage 
of a needle with suture material 
through tissues. The most 
commonly used needle holders in 
veterinary practice are the Mathieu 
(especially in large animal surgery) 
and the Mayo-Hegar needle holders 
(small animals) (Figure 10a and 
10b). The main difference between 
the two types is the force applied 
on the needle while opening and 
closing the ratchet. 

The Mathieu needle holder has 
a graded lock, which should be 
pushed in all the way in order to 
release it again (Figures 11a-c). 
This results in maximal pressure on 
the needle every time the needle 
holder is opened, which may lead 
to a flattening of the curve in fine, 
curved needles. The larger Mathieu 
needle holder is therefore less 
suitable for fine needles and suture 
material. 

Figure 10a. Mayo-
Hegar needle holder 
close up.

Figure 10a. Mayo-
Hegar needle holder.

Figure 10b. Mathieu 
needle holder close up.

Figure 10b. Mathieu 
needle holder.
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Figure 9c. Forceps in pencil grip. Figure 9d. Forceps in saucepan grip.

Figure 9e. Resting position of tissue 
forceps when not used.

Figure 9f. Three-point grip of the 
Mayo-Hegar needle holder with 
forceps in resting position.
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The Mayo-Hegar needle holder is most commonly used in general soft tissue surgery. This needle holder can be opened 
in any position and is much more ‘needle friendly’ but is not very suitable for large needles. The Mayo-Hegar is therefore 
less appropriate for heavy-duty surgery. 

Mathieu needle holders are held in the palm of the hand. The index finger may be positioned against the joint of the 
instrument to fine-tune the manipulation. The needle holder is opened by pressure on its legs until the toothed lock 
springs open. Mayo-Hegar needle holders are held in the thumb-ring finger grip (three-point grip) or in the palm grip. 
With the three-point grip, the fingers are placed as follows: 

• The thumb and ring finger in the eyes of the needle holder 
• The index finger extended against the joint 
• The middle finger bent over the lower leg, just above the eye (see Figure 12a and 12b) 
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Figure 11a. Palm grip, Mathieu needle 
holder - open. 

Figure 11b. Palm grip, Mathieu needle 
holder – closed.

Figure 11c. Palm grip, Mathieu needle 
holder – the toothed lock of the 
needle holder springs open.

Figure 12a. Three-point grip Mayo-
Hegar needle holder.

Figure 12b. Side view of the three-
point grip Mayo-Hegar needle holder.

In this way, the hand forms a 
triangle with the largest possible 
base for improved stability. The 
position of the index and the middle 
finger ensure good dexterity. 

The Mayo-Hegar needle holder 
is opened by pushing the eyes in 
opposite directions; the lock is 
released automatically, independent 
of the degree of closure. Left-
handed surgeons should only use a 
left-handed Mayo-Hegar because of 
the lock releasing mechanism. 
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When using the palm grip, the needle holder is held in the palm of the hand; no fingers are put through the eyes. The 
needle holder is opened and closed by pressure from the palm and surrounding fingers (Figure 13a and 13b).

The Olson-Hegar needle holder is a combination of a needle holder and scissors. This combination allows a reduction in 
operating time but increases the risk of accidentally cutting a suture. Special needle holders are designed for ophthalmic 
surgery (See Chapter 15).
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Figure 13a. Palm grip Mayo-Hegar 
needle holder - closed.

Figure 13b. Palm grip Mayo-Hegar 
needle holder – open.

3.6 Tissue Forceps and Bone-Holding Forceps

Soft tissue forceps and bone-holding forceps are used to fixate and manipulate soft tissues and bone, respectively. 
Soft tissue forceps exist in two versions:

• Traumatic tissue forceps, e.g. Allis forceps, (Figure 14a)
• Atraumatic tissue forceps, e.g. Babcock or Doyen forceps, (Figure 14b)

Atraumatic tissue forceps are used to avoid damage to delicate tissues. Babcock forceps for example, are used in cardiac 
and gastric surgery, while Doyen tissue forceps are mainly used in intestinal surgery. Both straight and curved versions 
are available. The use of traumatic forceps should be limited to tissues that are to be removed from the body. 

Figure 14a. Allis tissue 
forceps close up.

Figure 14a. Allis 
tissue forceps.

Figure 14b. Doyen 
tissue forceps close up.

Figure 14b. Doyen 
tissue forceps.
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Bone-holding forceps are generally used during orthopedic procedures (fracture treatment) to realign and reduce 
bone segments (such as Kern bone holding forceps, Figure 15) or to temporarily stabilize fracture segments during 
osteosynthesis (for example, reduction forceps with speed lock, Figure 16). 
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3.7 Vascular or Arterial Forceps (Hemostats)

The most commonly used vascular or arterial forceps are the Halsted mosquito forceps, the Kocher forceps (with 
pointed tips for a better grip), Pean artery forceps (wide tip) and the Kelly forceps (no sharp tips) (Figure 17a-c). 
The nomenclature for the Pean is confusing because it is sometimes used to describe a longer version of a mosquito. 
These forceps are also known as Rochester Pean artery forceps. More specialized vascular forceps are available for 
cardiovascular surgery, such as the Mixter forceps (Figure 17d)

Mosquito forceps are mainly used for capillary bleeding or to aid in small vessel ligation; the others for larger vessels 
and vascular stumps. Artery forceps usually exist in straight and curved shapes and are also held in the three-point grip 
(Figure 17e).

Figure 15. Kern bone holding forceps. Figure 16. Reduction forceps with speedlock.

Figure 17a. Straight 
Halsted mosquito 
forceps.

Figure 17b. curved 
Halsted mosquito 
forceps.

Figure 17c. Pean 
artery forceps.

Figure 17d. Mixter forceps.

Figure 17e. Three-point grip, Halsted 
mosquito forceps – inside view.
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3.8 Retractors

Tissue retractors will enhance access to a surgical site and improve visibility. They can be divided into finger-held 
retractors, hand-held retractors and self-retaining retractors.  The finger held retractors (e.g. the Senn retractor, 
Figure 18a) are the most straightforward, and are available in sharp and blunt versions. The Army-Navy (Figure 18b), 
Hohmann (Figure 18c) and flexible retractors are examples of handheld retractors. Hohmann retractors are commonly 
used in stifle surgery, for example, to distract the joint.
Commonly used self-retaining retractors include:

• Weitlaner retractors – with blunt tips for use in small cavities (Figure 19a)
• Gelpi retractors – with sharp tips for use in small cavities (Figure 19b)
• Collins retractors – for use in the caudal abdomen in the dog (Figure 19c)
• Finochietto retractors – for use in the thorax (Figure 19d)
• Balfour retractors – for use in the abdomen (Figure 19e)

Figure 18a. Senn retractor.

Figure 18b. Army Navy retractors.

Figure 18b. Amy-Navy retractor – side view.

Figure 19d. Finochietto 
rib retractor.

Figure 19e. Balfour abdominal retractor.

Figure 18c. Hohman retractor.

Figure 19a. Weitlaner 
wound retractor.

Figure 19a. Weitlaner 
wound retractor – close up.

Figure 19c. Collins 
abdominal retractor.

Figure 19b. Gelpi self-retaining 
retractor.
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3.9 Emasculators

The most commonly used crushing clamps for the castration of horses are Sand 
emasculators. They only crush and do not have a cutting edge (Figure 20). In piglets, 
the Hausmann emasculator, which has both a cutting and crushing blade, may be used. 
In cattle, Burdizzo emasculators are used for closed castration. 

Elastrators are used to place a strong rubber band over the scrotum, used in certain 
countries for the castration of lambs. In the Netherlands, it is also used for tail 
amputations in lambs. Elastrators are forbidden by many countries (including the 
Netherlands) to be used in dogs and horses.

Figure 21a. Backhaus 
towel clamp large.

Figure 21b. Backhaus 
Towel clamp small.

Figure 21c. Jones 
towel clamp.

3.11 Spay Hooks

The use of the Snook spay hook facilitates the grasping of 
the uterine horn during the neutering of the bitch or cat 
(Figure 22).

Figure 22. Spay hook.

3.10 Towel Clamps

Towel clamps are used to attach the 
drapes to each other (non-perforating) 
or to the skin (perforating). The most 
commonly used non-perforating towel 
clamps are Pean artery forceps (Figure 
17c). The larger Backhaus perforating 
towel clamps are mainly used in large 
animal surgery (Figure 21a and 21b), 
and the smaller Backhaus and the finer 
Jones towel clamps predominantly in 
small animals (Figure 21c).

Figure 20. Crushing 
clamp (emasculator).
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3.12 Periosteal Elevators and Bone-Cutting Instruments

Periosteal elevators aid in reflecting muscle, periosteum and other soft tissues from bone. They are available in various 
shapes and sizes (Figure 23). Bone-cutting instruments include osteotomes, saws, curettes, rongeurs and trephines. 
Army pattern osteotomes and Lambotte osteotomes, used with a mallet or hammer, are most commonly used in 
orthopedic surgery and neurosurgery (Figure 24a-c). Most osteotomes come in a large range of sizes. Curettes have a 
cupped end that allows for the removal of bone or soft tissue from restricted sites (Figure 25a); for example, during bulla 
osteotomy or for cancellous bone harvesting (Volkmann and Spratt bone curette, Figure 25b). Rongeurs are forceps 
with cupped jaws and blunted or tapered tips and are used to remove pieces of bone during neurosurgical, otologic and 
orthopedic procedures (e.g. a Ruskin double action rongeur, Figure 26). Trephines, such as the Michel trephine, have a 
central stylet for removing bone from the shaft and are used to obtain samples of bone for biopsy (Figure 27). 

Figure 23. 
Periosteal 
elevator.

Figure 24a. 
Army pattern 
osteotome.

Figure 25a. 
Curette.

Figure 24b. 
Lambotte 
osteotome.

Figure 24c. 
Mallet.

Figure 25b. 
Volkmann and 
Spratt bone 
curette.

Figure 26. Ruskin double action rongeur. Figure 27. Michelle trephine.
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3.13 Suction Tips

Excessive fluids or blood may be removed by suction. The best-known suction tips are the Yankauer and Poole suction 
tips (Figure 28a and 28b), which are principally used in body cavities (abdomen, thorax). More delicate suction tubes, 
such as the Ferguson Frazier suction tubes (available in several sizes, Figure 28c), can be used for removal of blood and/
or irrigation in smaller spaces such as joints and the middle ear cavity, for example. 

Figure 28a. Yankauer suction tip. Figure 28b. Poole suction tip. Figure 28c. Ferguson Frazier suction 
tubes.

3.14 Miscellaneous Instruments

Many other instruments have been developed to aid the surgeon in handling and manipulating tissues or to aid in 
osteosynthesis. For example, a Jacob’s hand chuck and key are one method of placing pins or wires in bone (Figure 29). 
Wire or pin cutters (Figure 30) and instruments to stabilize and bend bone wires and pins, such as parallel action pliers, 
are frequently used during orthopedic procedures (Figure 31). Instruments used for exploring wounds, cavities and 
pockets are called probes (Figure 32).

Figure 29. Jacob’s hand chuck.

Figure 30. Wire cutter.
Figure 31. Parallel action pliers.

Figure 32. Eye probe.
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3.15 Cleaning Your Instruments

Instruments need careful cleaning, lubrication and dry storage after use. This prolongs the life expectancy of the 
instrument and protects against instrument failure and corrosion. The best way to guarantee a long instrument life is 
to use a standardized protocol for cleaning in which longer-term maintenance should have a part (Table 1). Long-term 
maintenance can be discussed with your local supplier.

Table 1. Abbreviated Maintenance Plan for Surgical Instruments

1. Dismantle all instruments if possible
2. Rinse and clean all instruments with clean water and a detergent
3. Use soft brushes to remove adherent materials
4. Use an ultrasonic cleaning apparatus to further remove debris
5. Use an industry-style washing machine to clean the instruments, if available
6. All instruments need to be carefully checked for wear and tear
7. Jointed instruments should be treated regularly with adequate lubrication solutions
8. Dry instruments and pack for autoclaving
9. Autoclave instruments and store appropriately

Please note that there are many instruments made of other materials such as plastic and rubber. Each material will 
require a separate protocol for optimal cleaning. All protocols must be readily available for all personnel.

3.16 References

1. Bacon, N.J. (2012). Surgical instruments – Types and use. In: Baines, S., Lipscomb, V. and Hutchinson, T. (eds), BSAVA 
Manual of Canine and Feline Surgical Principles. (BSAVA), pp. 28-38.

2. Boothe, H. (2018). Instrumentation. In: Johnston, S.A. & Tobias, K.M. (eds), Veterinary Surgery: Small Animal (St 
Louis: Elsevier-Saunders), pp. 165-76.

3. Lapish, J. (2012). Surgical instruments materials, manufacture and care. In: Baines, S., Lipscomb, V. and Hutchinson, 
T. (eds), BSAVA Manual of Canine and Feline Surgical Principles. (BSAVA), pp. 22-27.



51

4.1  Electrosurgery
 Introduction
 Electrocautery 
 Technique / Applications / Disadvantages 
 Monopolar Electrocoagulation and Electrosurgery
 Technique / Applications / Disadvantages  
 Bipolar Electrocoagulation and Electrosurgery
 Technique / Applications / Disadvantages 
 Radio Wave Radiosurgery
 Technique / Applications / Disadvantages 
 Vessel Sealing
 Technique / Applications / Disadvantages 

4.2  Cryosurgery
 Introduction
 Technique
 Applications
 Disadvantages 

4
Electro-, Cryo-, Laser 
and Endoscopic Surgery
Bart Van Goethem, DVM, Diplomate ECVS (Small Animal)

with contributions from
Nico Schoemaker, DVM, PhD, Diplomate ECZM (Small Mammal & Avian), Diplomate ABVP (Avian)
Jos Ensink, DVM, PhD, Diplomate ECVS (Large Animal)

ELECTRO-, CRYO-, LASER AND ENDOSCOPIC SURGERY



52

4

ELECTRO-, CRYO-, LASER AND ENDOSCOPIC SURGERY

4.3  Laser Surgery
 Introduction
 Technique
 Applications
 Disadvantages

4.4.  Endoscopic Surgery
 Introduction
 Technique
 Applications
 Disadvantages

4.5  References



53

4.1 Electrosurgery

4.1.1 Introduction
In electrosurgery or diathermy, heat is generated in the patient’s tissue due to an electric current, with the aim of using 
this heat for hemostasis or for making incisions. Electric current is the flow of free charge carriers – electrons and ions 
– from a positive electrode (the source) to a negative electrode or ground. Electric currents are defined by polarity and 
frequency. Current of a constant polarity is referred to as direct current (DC) whereas a current of alternating polarity 
is referred to as alternating current (AC). Its frequency is measured in cycles per second or hertz (Hz). The effect of an 
electric current on tissue mainly depends on its power (W; watt), which is determined by (and the product of) its voltage 
(V; volt) and current (A; amperes): W = V x A. Current flow through the tissues is described by Ohm’s Law, in which 
voltage (V) is the product of current (A) and resistance (Ω; ohm). 

Electrosurgery requires an electrosurgical generator that changes the standard 50 or 60 Hz, low frequency electrical 
current into a useable high frequency 200 kHz to 5 MHz current. Since the neuromuscular system becomes refractory 
to electrical stimulation beyond a frequency of 100 kHz, there is minimal stimulation when using these high frequencies. 
The spectrum mentioned falls within the electromagnetic spectrum of low radiofrequency bands (AM broadcast signals 
550-1550 kHz). Some units go as high as 3-4 megahertz (MHz) and occur in the range between AM and FM radio 
broadcasting. These are referred to as radio wave radiosurgery units (Figure 1). 
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Figure 1. Most electrosurgical units operate in the low radiofrequency bandwidth (AM broadcast). 
Radio wave radio surgical units operate in the high radiofrequency bandwidth (FM broadcast).

When heat is applied to a biological system, the effect is temperature-related and also dependent on application time. 
Between 38-60°C, tissues will warm and weld without obvious visual signs. At 60-65°C irreversible damage resulting 
from coagulation necrosis and protein denaturation is visible as blanching. At 65-90°C protein denaturation resulting in 
white/greyish discoloration occurs. At 90-100°C tissues dry and show puckering. Above 100°C solid tissue vaporization 
results in steam and smoke, and temperatures of 350-450°C result in immediate carbonization and char formation.

The use of electrosurgical equipment has some inherent risks. Most operating room fires are caused by the use of 
electrosurgical equipment. Regular checks of insulation and grounding pads should therefore be performed. Smoke 
generated by these devices contains many carcinogenic compounds. A smoke evacuation system is therefore highly 
recommended.



54

4.1.2 Electrocautery 

4.1.2.1 Technique 
Electrocautery is sometimes erroneously used as a synonym for electrosurgery. However, in the former technique no 
electric current passes through the tissues or the patient. Instead, direct current is applied to a wire, connecting positive 
and negative poles of electricity, resulting in the wire becoming hot. When the probe, heated to a glowing temperature, is 
brought into contact with tissue, it will cauterize tissue directly. A distinction is made between low temperature (400-
700°C) and high temperature (800-1200°C) electrocautery.

The direct current in penlight-type devices (Figure 2) comes from dry cells. These are technically simple and therefore 
economical devices. They are mainly intended for short, non-sterile surgical procedures. A sterile plastic sheath and 
adjustable sterile tips are available to allow their use in procedures where a sterile field is necessary.
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Figure 2. A battery-powered instrument for electrocautery during non-
sterile surgical procedures (Bovie Medical Corporation, Clearwater, USA).

4.1.2.2 Applications

Companion Animal 
Distichiasis (hairs abnormally implanted on the eyelids) can be treated using a fine-tipped electrocauter introduced 
through the hair follicle opening and subsequent direct coagulation of the follicle. 

Large and Production Animal
Dehorning or disbudding is the process of removing or stopping the growth of the horns of livestock (cattle, sheep, and 
goats). Electrocautery devices can be used to destroy the growth ring of the horn in young animals to prevent regrowth. 

Exotic Animals
No specific indications.

4.1.2.3 Disadvantages

The heated metal instrument often welds to the charred tissue, resulting in possible char dislodgment and return of 
hemorrhage when the instrument is retracted.
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4.1.3 Monopolar Electrocoagulation and Electrosurgery 

4.1.3.1 Technique 

Monopolar electrosurgical systems consist of a generator box, an electrosurgical pen, and a return electrode. The 
electrosurgical generator will send concentrated electrical energy from the active electrode (electrosurgical pen) through 
the patient’s body to the dispersive electrode (patient return pad) and finally back to the generator (Figure 3). 

Electrical current flows from the tip of the electrosurgical pen, where the charge is carried by electrons, to biological 
tissues where conduction is primarily due to the conductivity of the interstitial fluids, and thus predominantly ionic. 
Transition between the electronic and ionic conduction will be characterized by increased resistance (function of blood 
supply and tissue composition) and is referred to as impedance. The impedance of the tissues converts electrical energy 
into thermal energy (heat), which causes an increase in tissue temperature. The amount of thermal energy and the time 
rate of delivery will determine the heat and resultant tissue effects.
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Figure 3. Electric current flows from the 
electrosurgical generator through the active 
electrode into the patient. The dispersed current is 
collected by the patient return pad and sent back 
to the generator.

The waveform sent by the generator can be adapted for 
desired effect. A cut waveform is continuous and of lower 
voltage (Figure 4). The cutting waveform produces an 
intense localized effect on the tissues, creating high tissue 
temperatures, vaporization, and subsequent cutting with little 
hemostasis. The generator power setting is between 50-80 
W. The coagulating waveform is the highest voltage waveform 
but is interrupted. The higher voltage drives the electrical 
charge deeper into tissues. The significant delay in its on-off 
cycle allows for cooling between energy bursts. The generator 
power setting is in the range of 30-50 W. Variations in blended 
waveforms allow the tailoring of tissue effect towards cutting 
or coagulation.

Figure 4. Electrosurgical generators 
produce waveforms optimal for 
cutting (continuous low voltage), 
coagulation (interrupted high 
voltage) and blended forms for 
mixed effects.
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Three different tissue effects can be exerted on the target tissue: cutting, fulguration and desiccation (Figure 5). 

For electrosurgical cutting, the electrode is used in a non-contact mode. Current arcs to the tissue creating a spark (ionized 
stream) that directs intense heat (approximately 400° C) to tissue over a very limited surface area and vaporizes the 
intracellular content. 

Fulguration is a tissue effect achieved by sparking the coagulation waveform to tissue in a non-contact mode. The energy 
application is of higher voltage than used for cutting but is intermittent. This will induce proteins to melt and form a 
coagulum, resulting in hemostasis. This setting is used to control oozing capillary beds in delicate, heat-sensitive tissues or 
to ablate neoplastic tissue.

Electrosurgical desiccation occurs when the coagulation waveform is used in contact mode. Contact with the tissues 
decreases voltage leading to less heat production, drying of the tissues and proteins melting, and the formation of a 
coagulum. This last effect can also be achieved indirectly via energy transfer to hemostatic forceps. Hemostasis is efficient 
for arteries up to 1 mm and veins of even 2 mm diameter. Collateral damage can occur up to 2 cm from the coagulation site.
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Figure 5. Illustration of the different uses of monopolar electrocoagulation: 

a. coagulation of larger vessels is achieved in contact mode (desiccation); 
b. hemostasis of the capillary bed is achieved by creating a coagulum in noncontact mode (fulguration).

a b

4.1.3.2 Applications 

Companion Animal
Electrosurgical skin incisions have been shown to decrease operative time, blood loss and postoperative pain when 
compared to scalpel incisions. The correct power setting of the instrument and speed of moving the electrosurgical 
pen are essential to avoid abundant collateral thermal tissue damage that might impair healing. Capillary hemostasis 
is accomplished by moving the tip of the electrosurgical pen in the vicinity of a bleeding vessel and allowing a spark to 
coagulate the tissue. Bigger vessels are grasped with a hemostat and the monopolar electrosurgical pen is brought into 
contact with the metal instrument. The hemostat will act as an extension of the metal electrode tip and the vessel will 
thus be coagulated. During endoscopic surgical procedures tissue dissection is performed using J- or L-shaped monopolar 
electrode extensions (for example during cholecystectomy). For stronger tissues the monopolar electrosurgical generator 
can be connected to endoscopic scissors. The scissors will then act as a monopolar electrosurgical pen, coagulating the 
tissue brought into contact with them (Figure 6). After deployment of the current, the coagulated tissue can be cut 
without the need for changing the instrument.
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Figure 6. Attaching the electrosurgical generator to (endoscopic) 
scissors allows the combined use of electrosurgical coagulation 
and mechanical cutting.

Equine
Making the skin incision using a monopolar 
electrosurgical pen is also used in large animals 
(horses). High power settings are needed to 
achieve sufficient hemostasis at the level of the 
large subcutaneous blood vessels. In consequence, 
delayed healing of the skin is expected. This type 
of electrosurgery is therefore often restricted to 
incisions that are left to heal per secundam (e.g. 
removal of large skin tumors).

Exotic animals
For larger exotic animals, comparable in size to dogs 
and cats, monopolar electrosurgical techniques can 
be used. The same principles and techniques, as 
described above for companion animals, apply.

4.1.3.3 Disadvantages 

Burns at the return pad remain a concern. The patient electrode should have a wide contact area so as to reduce the 
chance of concurrent concentration and patient burning (Figure 7). Malleable grounding pads are better in this regard 
when compared to the metal grounding plates used historically. Modern generators are therefore equipped with contact 
quality monitoring or return electrode monitoring: in case of improper return electrode contact they stop the current to 
prevent unwanted thermal damage. 

Figures 7a and b. 7a. A patient burn wound and charred operating table cover caused by a direct coupling injury 
(lack of contact with the patient return pad) is detected after surgery. 7b. A burn wound in a patient that had direct 
contact with the metal table instead of the return pad.
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In addition, the efficiency in acquiring hemostasis is only limited when the surgical field is wet. Also, when the electrode 
is used for making skin incisions, it is more difficult to control the depth of the incision compared to scalpel incisions. 
The high temperature produces substantial amounts of smoke, limiting visibility during endoscopic procedures. The 
smoke plume resulting from the vaporization of tissue contains dangerous biological (viral, bacterial) and chemical 
(carcinogenic) substances. Laparoscopic use of monopolar electrocoagulation has the added risk of insulation failure and 
damage to surrounding organs caused by sparks. 

Because current flows through the patient’s body, the use of monopolar electrosurgical techniques is contraindicated in 
patients with a pacemaker or other high-tech implantable devices (as middle ear and cochlear implants).

4.1.4 Bipolar Electrocoagulation and Electrosurgery

4.1.4.1 Technique

Bipolar electrosurgery differs from monopolar electrosurgery in the sense that the current flow does not pass through 
the patient. Instead, current flows from one tip of the instrument (active electrode) to the other tip (passive electrode, 
Figure 8). Only tissues in contact with both tips of the instrument will receive current, allowing the desired tissue effect 
to take place with much less energy (30-50 W) and thus less risks for the patient. 
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Figure 8. Electric current generated in the electrosurgical 
generator flows to the active electrode, passes through 
grasped tissue and returns via the passive electrode to 
the generator.

Bipolar instruments exist in two basic forms: forceps and 
scissors (Figure 9). The hand instrument is activated by 
a hand or foot switch or by an automated function that 
activates the generator when conduction between the 
two tips is possible. 

The bipolar forceps (much resembling normal tissue 
forceps) are effective in use for hemostasis since 
tissue grasped between its tips will be coagulated. The 
hemorrhaging vessel can be grasped between the tips 
of the forceps or the open tips can be placed on tissue, 
coagulating the superficial capillary bed in between them. 
Bipolar scissors are used to sever tissue while at the 
same time coagulating them. Modifications of these two 
instruments are available for endoscopic procedures. 

Precise placement of the instrument allows effective 
coagulation of small vessels (≤ 3 mm diameter). Lateral 
thermal damage can occur up to 8 mm from the point of 
application.

Figure 9. Bipolar electrocoagulation is performed with 
forceps- or scissor-type hand instruments. 
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4.1.4.2 Applications

Companion Animal 
Bipolar forceps are used for hemostasis in general surgeries 
(Figure 10) as well as in specific endocrine, cardiac or 
neurosurgical procedures. Active bleeding vessels are 
grasped and coagulated, and tissues can be coagulated 
prior to transection. Bipolar scissors are used to facilitate 
elaborate tissue dissection as needed during orthopedic (limb 
amputations) or oncological procedures (en-bloc resections). 
Endoscopic bipolar forceps and scissors are used in many 
laparoscopic (endoscopy of the abdominal cavity) procedures 
where transection of tissues is necessary (ovariectomy, 
ovariohysterectomy, orchiectomy, cryptorchidectomy), as 
well as in thoracoscopic (endoscopy of the chest cavity) 
procedures (opening of the mediastinum, pericardectomy).

Equine
The use of bipolar forceps in horses is severely limited by 
the size of the vessels in the operative field. Its successful 
application is described in equine laparoscopic ovariectomy 
and equine cryptorchidectomy. During oncological procedures 
they can be used to achieve hemostasis of capillaries and 
smaller vessels.

Exotic Animals
For larger exotic animals, comparable in size to dogs and cats, 
bipolar electrosurgical techniques can be used (Figure 11). 
The same principles and techniques, as described above for 
small animals, apply. 
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Figure 10. Bipolar forceps used to achieve 
hemostasis during a prescrotal orchiectomy 
in a dog. 

Figure 11. Bipolar forceps used to achieve 
hemostasis in an Iguana with dystocia.

4.1.4.3 Disadvantages

Standard bipolar forceps take longer to coagulate a vessel compared to monopolar electrocoagulation. They tend to stick 
to carbonized tissue, which can result in disruption of the vessel seal when the forceps are removed. Closing the bipolar 
forceps completely, allowing both metal tips to actually come into contact with each other, leads to short circuiting. 
There will be no current flowing through the tissues and therefore no thermal tissue effect. Releasing the forceps will 
result in continuation of bleeding. Damage to the insulation material of bipolar scissors will also often lead to short 
circuiting.
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4.1.5 Radio Wave Radiosurgery

4.1.5.1 Technique
The radio wave radiosurgery generator (Figure 12) converts alternating current to high frequency direct current 
and extensively modifies and filters the resulting waveform. It operates at frequencies 10 times higher than typical 
electrosurgical generators. There is no need for intimate contact between the patient and the return pad since the 
emitted radio waves are collected via the wire antenna part of the return plate and directed to the generator. 
Electrodes are manufactured in various lengths and shapes: fine-tipped electrodes deliver a very high current density 
resulting in precise cutting with minimal coagulation, a broad spatula-shaped electrode will deliver a lower current 
density resulting in desiccation or fulguration of tissue, and a loop electrode is used to scrape of layers of tissue 
(dissection, trimming of granulation tissue, removal of narrow-based masses).
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Figure 12. The radio wave radiosurgery generator can be equipped with 
bipolar forceps/scissors and comes with a variety of monopolar electrode 
extensions suited for specific purposes.
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4.1.5.2 Applications

Companion animal 
Radio wave radiosurgery devices are 
popular for oral surgical procedures 
(removal of gingival hyperplasia, benign 
oral tumors). Veterinary dermatologists, 
also, often use them to remove small, 
benign dermal proliferations. 

Large animal
No specific indications.

Exotic animals
The reduced need for contact between 
the patient and the return plate, in 
combination with the ability to make 
precise, low-power incisions with minimal 
char, make these devices ideally suited for 
work on avian and small exotic species.

4.1.5.3 Disadvantages

The emitted radio waves can be disruptive 
to the normal functioning of operating 
room monitoring equipment (ECG, video 
monitors). The same concerns regarding 
the use of electrical current in an 
operative setting exist for the use of radio 
waves (Figure 13).

Figure 13. This rabbit’s fur was set on fire after 
applying an energy-based device in the presence 
of a surgical field still wet from an alcoholic 
disinfectant.
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4.1.6 Vessel Seating

4.1.6.1 Technique

An improved form of bipolar electrosurgery has been developed for the purpose of secure vessel sealing only (LigaSure, 
Medtronic, Figures 14-15). This system operates at high current and low voltage. The tissue grasped between the 
electrode ends is compressed and locked. On activation, current passes from the active electrode through the grasped 
tissue to the passive electrode and back to the generator. The generator monitors tissue impedance and adjusts energy 
output to achieve hemostasis with less heat and minimal tissue carbonization. The result is welding of vessel collagen 
and elastin to form a translucent seal. Vessels as large as 7 mm in diameter can be sealed and will withstand three times 
systolic blood pressure. Lateral thermal damage occurs at 1.5-6 mm from the application site.

Figure 14. The Force Triad device (Medtronic) 
combines monopolar and bipolar electrocoagulation 
together with vessel sealing technology in one 
generator.

a b

Figure 15. Vessel sealing forceps for: a. minimally invasive surgery and b. conventional surgery (Medtronic).  

A great advantage of this system is that vessels do not need 
to be isolated from the surrounding tissues. This decreases 
surgical time and avoids potential dissection-related 
complications. There is no learning curve for use of the 
instrument since the energy cycle is electronically guided with 
an auditory signal at completion, instead of being operator 
dependent. 

Some endoscopic forceps have a built-in knife that is used 
to cut the grasped tissue after completing the energy cycle 
(Figure 15).

4.1.6.2 Applications

Companion Animal
Vessel sealing instruments can be used during many conventional surgical procedures. Their benefit will be most 
pronounced in procedures where numerous ligatures need to be placed (splenectomy; resection of a spleen) or 
during dissection of delicate vascular tissues (adrenalectomy; resection of an adrenal gland or in an ovariectomy; 
Figure 16). In endoscopic surgery a 5- or 10-mm instrument with combined sealing and cutting function is used in 
common procedures, such as laparoscopic castration (severing the ovarian pedicle or the spermatic cord of abdominal 
testes) and thoracoscopic exploration (mediastinal dissection), as well as more advanced techniques (thoracoscopic 
pericardectomy).
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Figure 16. The LigaSure hand instrument used for 
canine ovarian pedicle coagulation.

Large Animal
Because of the ability to achieve hemostasis in large vessels, 
this instrument is ideally suited for use in large animals. It has 
many applications in conventional procedures (e.g. cutting 
the mesentery during enterectomy in the horse). The vessel 
sealing system is also used during laparoscopic procedures, 
such as ovariectomy or cryptorchid castration in horses. 

Exotic Animals
Vessel sealing instruments can also be used in small mammals. 
Indications are adrenalectomy in ferrets and castration 
procedures (ovariectomy, ovariohysterectomy or orchiectomy) 
in larger rodents or reptiles.

4.1.6.3 Disadvantages

The instrument’s jaws may adhere to tissue and result in disruption of the seal during device removal. Thermal collateral 
damage should be considered when working near heat-sensitive structures. Although the costly hand instruments can be 
resterilized with gas (ethylene oxide) or plasma (hydrogen peroxide), their lifespan remains limited.

4.2 Cryosurgery

4.2.1 Introduction

Cryosurgery is the destruction of tissue by repeated cycles of controlled freezing and thawing. Freezing causes direct 
tissue damage by the formation of ice crystals and delayed tissue damage by vascular stasis, thrombosis and secondary 
ischemia. Tissue sensitivity to cryonecrosis will be dependent on its water content, cellularity and vascularity.
Freezing tissue to a temperature of -20°C results in the formation of intracellular crystals that rupture the cell’s outer 
membrane, whilst extracellular crystals lead to cellular dehydration; both result in cell death. Rapid freezing causes the 
greatest development of intracellular crystals. During slow thawing the phenomenon of recrystallization occurs, during 
which crystals grow in size, increasing their damaging potential. Because pre-cooled tissue freezes faster than normal 
tissue, the freezing-thawing cycle is repeated once to maximize the necrotic effect.

After frost-induced necrosis, the underlying tissue recovers, going through the usual phases of inflammation, 
granulation, and epithelialization. Scar tissue formation is less when compared to that formed after burning. 

4.2.2 Technique

Since success of the treatment depends on rapid freezing of the tissue, the cryogen needs to deliver extremely cold 
temperatures. In veterinary medicine liquid nitrogen (-196 °C) and nitrous oxide (-89 °C) are used more commonly than 
carbon dioxide (-79 °C). 

There are different application techniques for freezing tissue:

• Spraying steam (Figure 17) and droplets (liquid nitrogen) or pouring a liquid (carbon dioxide) directly on the  
 tissue. This is the most effective application method, since evaporation of the liquid cryogen on the tissue  
 surface (usually skin) removes a great amount of heat from the treated tissue.
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Fig 17. Different applications of cryosurgery: a. cryospray steam applied to the leg of a horse and b. a contact 
cryoprobe used on the eye of a horse.

a b

Monitoring the temperature of the treated area is essential since only 75% of the tissue frozen to -20°C will actually be 
destroyed. Visual inspection and manual palpation are not reliable for assessment because the outer edge of the ice ball 
is only 0°C. Instead, thermocouple needles can be inserted around the target area prior to application of the cold source. 
This allows accurate assessment of the induced necrosis, while preventing collateral damage to surrounding delicate 
tissues (muscles and nerves).

4.2.3 Applications

Companion Animals 
Benign cutaneous and neoplastic lesions are common in older animals. Cryosurgery is popular for their treatment since 
it can be performed without general anesthesia and on an outpatient basis. Some sedation or a local analgesic (when 
epinephrine is added this will enhance cryonecrosis through induced vasoconstriction) is used to counteract pain at the 
time of application.

Cryosurgery is also popular in ophthalmic surgery: a sterile surgical field is not required, and the fibrous support 
tissues of the eye are relative cryoresistant. General anesthesia is necessary to prevent unwanted movement during the 
procedure. Palpebral tumors, dermoids, distichiasis and corneal melanocytes can be successfully treated or destroyed. 
Glaucoma can be treated by transsceral focal destruction of the ciliary body (cyclocryotherapy).

Cryosurgery is further described as an adjunctive therapy in perianal fistulas and for the palliation of clinical signs in 
patients with oral tumors. Cryosurgical instruments can be guided through endoscopes and used for tumor destruction 
or palliation in luminal organs (bladder, urethra, colon, etc.).

• Application via a contact probe that is either cooled by circulating liquid cryogen (liquid nitrogen) or by  
 releasing a high-pressure gas through a small orifice in the tip (nitrous oxide). This allows better control of the   
 area to be frozen and also achieves deep freezing. Post-incisional placement of the probe deep in a lesion  
 permits freezing of masses from the inside.
• A metal probe or cotton tip can be immersed in the cryogen (liquid nitrogen) and applied directly onto the  
 tissue. This technique is only sufficient for small and superficial dermatological or ophthalmological lesions.
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Large Animals
Common indications for cryosurgery in horses include the treatment of sarcoids (the most common skin tumor in this 
species). In addition, ocular tumors (e.g. squamous cell carcinoma) can be successfully treated using this technique.

Exotic Animals
The most common indication for cryosurgery in birds is the resection of a cloacal papilloma. The high vascularization of 
the cloacal region makes traditional surgery less desirable because of the expected amount of hemorrhage.

4.2.4 Disadvantages

When cryosurgery is used for tumor ablation it is imperative to take tissue biopsies of the tumor and to drain lymph nodes 
prior to the procedure for tumor identification, grading and staging. In addition, verification of complete tumor removal 
with adequate margins necessitates taking post-cryosurgery biopsies. 

Disadvantages of cryosurgery are the development of swelling (resolves within 48 hours to 1 week), the possibility of 
post-operative hemorrhage (in ulcerated tissues or via biopsy sites), the occurrence of a necrotic crust (sloughs between 
2-8 weeks), depigmentation and the absence of hair regrowth in the treated area.

The surgeon should perform cryosurgery with care, as frost-burn lesions may easily occur during spillage or undesired 
spray effects. Accumulation of vaporous products leads to dangers of combustion or the potential for damaging the 
environment.

Freezing a tumor with major bony involvement may lead to a spontaneous fracture (destroying the cellular elements 
reduces bone strength by 70%) or to nitrogen embolism when liquid nitrogen is sprayed directly to cancerous bone.

4.3 Laser Surgery

4.3.1 Introduction

Laser is the acronym for Light Amplification by Stimulated Emission of Radiation. Stimulated emission occurs when 
atoms in the lasing medium, excited to a higher energy state, return to their ground state and release the absorbed energy 
in the form of photons. Laser light typically contains a single wavelength (monochromatic), is nondivergent (collimated) 
and all parallel waves of laser light move in phase, reinforcing each other as they travel through space (coherent).

Interactions between laser light and tissue are divided into photochemical, photothermal and photomechanical, based 
upon whether the laser energy is converted to chemical energy, thermal energy or acoustic energy, respectively. 

• The photochemical effect occurs at low power densities (0.001-1 watt/cm2) and arises when a specific   
 light wave induces a chemical reaction (e.g. adhesive curing of dental resins). In photodynamic therapy,   
 laser light acts as an energy source to trigger a photochemical reaction. First, a tumor-specific photosensitizer   
 is administered that will selectively bind tumor cells or that will exclusively be metabolized in tumor cells. The   
 tumor is then exposed to laser light too low in energy to have a thermal tissue effect, but high enough to   
 activate the photosensitizer. Upon activation the photosensitizer initiates a cascade of reactions, leading to the  
 release of oxygen radicals that will destroy tumor cells. This technique is directed solely against tumor cells and  
 avoids accidental damage to adjacent structures (i.e., highly specific). 
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Figure 18. Nd-YAG laser used to resect a vulvar 
tumor in the dog.

• Photothermal laser-tissue interactions occur when laser light is absorbed and converted to heat within the   
 tissues (1-107 watt/cm2). The heat generated depends on the power setting (in watts or joules), the tissue   
 exposure time, the modality used (contact or noncontact), and the absorption coefficient of the target tissue.   
 Focusing the laser light delivers high-energy amounts in one specific place with minimal collateral heat. The   
 result is precise cutting or even vaporization of tissue.  

• Photomechanical or photoionization occurs at high power levels (108-1012 watt/cm2) and results in direct   
 tissue destruction through cell lipid bilayer membrane, protein and DNA destruction.

When laser light is focused on tissue it may be reflected, absorbed, scattered or transmitted through the tissue, depending 
on the physical characteristics of the laser light (wavelength, frequency and power) and the composition of the irradiated 
tissue (water, hemoglobin and melanin content). 

Compared to conventional surgery, laser surgery leads to superior hemostasis, less post-operative swelling and decreased 
post-operative pain.

4.3.2 Technique

The lasing medium, which can be a solid crystal (neodymium or holmium), a liquid or a gas (carbon dioxide), determines the 
wavelength of laser light. The wavelength ranges from visible infrared to ultraviolet. Apart from its wavelength, the effect 
of the laser is determined by its energy production. Large appliances, such as those used in human medicine, may generate 
over 100 W. For use in companion animal medicine, 20 W is often sufficient. Laser systems used for medical purposes may 
be set either to continuous or pulsating light emission.

The most commonly used laser systems in veterinary medicine 
are the carbon dioxide (CO2) laser, the neodymium:yttrium 
aluminium garnet (Nd:YAG) laser and the diode laser. 

• Carbon dioxide lasers have a wavelength of 10.600  
 nm, which is well absorbed by water. The tissue  
 effect is superficial (0.1-1 mm) and the hemostatic  
 potential is moderate. The focused beam will result in  
 a precise incision with only little thermal damage to  
 the wound margins. Adjusting the laser beam to a  
 scattered effect will create hemostasis by  
 coagulation or even remove tissue by photo-  
 evaporation. In CO2 lasers, the infrared light (invisible  
 to the human eye) is conducted to the target tissue  
 using articulating hollow tubes with built-in mirrors.  
 This unfortunately limits its application. 

• The Nd:YAG laser, with a wavelength of 1064 nm, is less absorbed by water. It therefore has a greater depth  
 of penetration (up to 3 mm), creates more thermal damage and has a stronger hemostatic effect (capillaries  
 and larger vessels). This laser is mainly used for tissue evaporation. Equipped with a focusing adapter, the laser  
 can also be used to make incisions. A targeting laser (Helium-Neon) is added to visualize the beam for practical  
 reasons. The laser beam can be guided through flexible quartz fibers allowing trans-endoscopic use (Figure 18). 

• The diode laser produces a beam with a wavelength between 600-1600 nm. It is comparable to the Nd:YAG  
 laser in its tissue effect. The diode laser is often used in contact mode, reaching high temperatures at the tip  
 and resulting in coagulation and tissue resection with limited lateral effect (< 0.1 mm). Its beam can also be  
 guided through quartz fibers. The diode laser is popular because it is compact, user-friendly and economical.
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4.3.3 Applications

Companion Animals 
Photodynamic therapy is used merely for oncological purposes in the treatment of prostate carcinomas and superficial skin 
and oral tumors. Adhesive curing of dental resins is a routine part of orthodontic reconstructive surgery (dental fractures, 
malocclusions).

Carbon dioxide lasers are used in surgical oncology for skin incisions, tumor dissection or tumor ablation for curative or 
palliative intent (skin, tongue, perianal, ear canal, nose). In upper respiratory tract disorders CO2 lasers are successfully 
used for shortening an elongated soft palate or removing nodules from the vocal cords. Endoscopic application of Nd:YAG 
or diode lasers is used during ovariectomy (transection of the ovarian pedicle), the resection of polyps from the gastro-
intestinal tract or redirecting the opening of an intramural ectopic ureter.

Equine
In horses, laser surgery is used for the treatment of various conditions of the upper respiratory tract, such as ethmoidal 
hematomas, epiglottal cysts or guttural pouch tympany. These procedures can be performed in the standing, sedated, 
horse with topical anesthesia on the mucosa. The laser energy is delivered through the laser fiber, which is passed through 
the instrument canal of an endoscope.

The CO2 laser can be used to make skin incisions or for the dissection of tumors (equine sarcoid, squamous cell carcinoma). 

Exotic Animals
Photodynamic therapy can be used for the treatment of squamous cell carcinomas.

4.3.4 Disadvantages

Laser beams are highly energetic and easily reflected, and it is therefore imperative to take the necessary safety measures 
to protect the patient, surgeon and personnel in the surgical theatre:

• The surgical theatre should not have any transparent windows in order to protect passers-by from exposure to   
 laser light
• All personnel present in the theatre should wear laser-specific protective goggles/glasses
• The tracheal tube needs to be protected from laser energy during oropharyngeal application as the high oxygen   
 concentration poses a real risk for combustion
• The smoke plume resulting from the vaporization of tissue contains dangerous biological (viral, bacterial) and   
 chemical (carcinogenic) substances
• Because CO2 laser energy is highly absorbed by water, protection of the patient is possible by covering delicate   
 exposed parts with wet towels

4.4 Endoscopic Surgery

4.4.1 Introduction

Endoscopic procedures (Figure 19) allow access to, and visualization and manipulation of tissues or organs of interest in 
body cavities or body spaces without the need for large incisions through the tissues covering them. Video cameras and 
specialized equipment for the handling of these tissues allow for minimally invasive surgery (MIS). When an endoscopic 
procedure is combined with a mini-celiotomy or mini-thoracotomy for improved exposure, this is referred to as video-
assisted surgery (VAS). 
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A basic endoscopy set consists of an endoscope, a camera, a light source and a monitor (Figure 20). The endoscope 
is connected to a camera that processes the image and sends it to a monitor. A strong light source, necessary for 
good visualization, is connected to the endoscope with a fiberglass cable. Digital recording devices may be added to 
the viewing circuit in order to log pathological lesions or surgical interventions. Depending on the type of procedure, 
insufflation of the cavity or space entered, with air, CO2 or saline will be needed to create a working environment.  

Figure 19. Illustration of the two different types of endoscopic surgery: a. laparoscopic-assisted cryptorchidectomy in a 
dog (video-assisted procedure) and b. laparoscopic cholecystectomy in a dog (minimally invasive surgery).

ba

Figure 20. Basic endoscopic 
components consist of 
the camera (top left), 
light source (middle left), 
insufflator (bottom left) and 
the monitor (right).

Endoscopes can be flexible or rigid. 

• A flexible endoscope is designed to be passed directly into a natural orifice and to explore the luminal side of  
 the organ system (respiratory, gastrointestinal or urogenital tract). 
• Rigid endoscopes can also be passed into a natural orifice to explore the luminal side provided this lumen runs  
 straight (nasal passages, trachea, ear canal, vagina, female urethra). Additionally, rigid endoscopes can be   
 passed through percutaneous cannulas, allowing inspection of cavitary organ systems (bladder, joints,  
 abdominal or thoracic cavity). 

Because procedures can be performed without the large incisions typical of conventional surgery, patients benefit from 
a smaller surgical wound with less post-operative complications (in particular wound infections, wound dehiscence, 
bleeding, seroma formation, abdominal herniation); less surgical trauma, resulting in decreased peri- and post-operative 
pain; a faster recovery with decreased hospitalization; less adhesions and a better cosmetic result. The surgeon benefits 
from the improved visualization and magnification on the monitor, which will increase diagnostic accuracy.

To perform surgical procedures and use minimally invasive surgery to its full potential, particular skills and experience are 
needed. Dry- and wet-lab training of these techniques is strongly encouraged.
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4.4.2 Technique

Endoscopy with a flexible endoscope is performed by applying lubricant to the endoscope and subsequently passing the 
scope into the desired lumen. To avoid the lumen from collapsing around it, air is insufflated through the endoscope. 
Endoscopy of the gastrointestinal tract allows visualization of the esophagus, the stomach and the proximal part of the 
intestines (gastroduodenoscopy). The rectal approach allows inspection of the distal gastrointestinal tract (colonoscopy). 
The flexible endoscope has a working channel along which different instruments can be passed. Endoscopy of the 
respiratory tract includes inspection of the nasal cavities (rhinoscopy), of the trachea (tracheoscopy) and of the larger 
bronchi (bronchoscopy). 

Otoscopy (Figure 21) allows visualization of the ear canal and tympanic membrane. Pathological changes are easily 
recognized due to the magnification and can be seen not only by the operator but also by assistants, students or even 
animal owners. The working channel allows passage of endoscopic instruments (suction/irrigation, biopsy forceps, 
grasping forceps, myringotomy needle).

Figure 21. Otoscopic removal of a middle ear 
polyp in a cat.

Vaginocystoscopy utilizes a rigid endoscope with fluid irrigation 
to distance the luminal structures.

For arthroscopy the joint space is dilated by pressurized infusion 
of saline. A hollow cannula filled with a blunt trocar is placed 
through a stab incision inside the joint. The trocar is retracted 
and replaced by an endoscope to allow visualization of intra-
articular structures. When needed additional cannulas are placed 
for the introduction of instruments (palpation probes, curettes, 
burrs). 

Thoracoscopy makes use of the free space that develops after 
the creation of a pneumothorax. Patients are positioned in 
dorsal or lateral recumbency and the endoscope is placed 
paraxiphoidally or intercostally, respectively.

For laparoscopic procedures it is necessary to inflate the abdomen to create a working environment. This is most 
commonly done with CO2 gas. Cannulas are placed in the ventral or lateral abdomen, the number and exact location 
depending on the type of procedure. Laparoscopic-assisted procedures use the endoscope to localize the problem and 
then bring it extra-corporeal through a mini-celiotomy.

4.4.3 Applications

Companion Animal 
Flexible endoscopy of the gastrointestinal tract is commonly performed. Esophagoscopy, gastroduodenoscopy and 
colonoscopy are part of the diagnostic work up of patients with chronic vomiting and diarrhea. Mucosal biopsies can be 
taken, and marginal resection of polyps is possible with the use of electrosurgical loop snares. The endoscope can also aid 
in placing gastric feeding tubes. Endoscopy is very successful (90%) in removing obstructing esophageal foreign objects. 

Flexible endoscopy of the lower respiratory system allows inspection, removal of foreign objects and biopsy (histology, 
bacterial, mycotic) of suspected lesions. Rigid endoscopes are used for tracheoscopy (tracheal collapse, tumors) and 
rhinoscopy (foreign bodies, diagnosis of nasal pathologies (aspergillosis, tumors). 
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Otoscopy can be used to remove foreign bodies, diagnose ear canal tumors, extract middle ear polyps, and diagnose and 
treat middle ear disease (myringotomy).

Vaginocystoscopy is performed to diagnose congenital abnormalities of the urogenital system (persistent hymen, ectopic 
ureters) or developmental disorders (uroliths, polyps or tumors).

Arthroscopy of the elbow is used for diagnosis and treatment of elbow dysplasia. Cartilage flaps in shoulder OCD are 
arthroscopically removed and meniscal injuries or OCD lesions in the knee can be visualized and treated. Arthroscopy is 
also used for the minimally invasive repair of intra-articular fractures (verification of fragment apposition).

Thoracoscopy assists in the diagnosis of pathological conditions such as spontaneous pneumothorax (blebs/bullae), 
pyothorax (migrating grass awns) and pleural effusion (mesothelioma). The most commonly performed thoracoscopic 
procedure is subtotal pericardectomy, but its use has also been reported in thoracic duct ligation (chylothorax), correction 
of a persistent right aortic arch or persistent ductus arteriosus, partial lung lobe resection and many other procedures.

Laparoscopic exploration allows biopsies to be taken from the liver, gallbladder, kidneys, prostatic gland, lymph nodes, 
spleen and any intra-abdominal tumor. Laparoscopic-assisted biopsies from intestines and the reproductive tract are also 
possible. Laparoscopic-assisted placement of feeding tubes, incisional gastropexy for prevention of gastric dilatation/
volvulus, removal of cryptorchid testis, ovariohysterectomy and resection of intestinal tumors can be performed. 
Laparoscopic ovariectomy, cholecystectomy, adrenalectomy, attenuation of portosystemic shunts and insulinoma 
resection have all been described. During laparoscopic abdominal exploration the endoscope can even be advanced into 
the bladder, allowing for removal of cystic calculi or polyps.

Equine
In horses, endoscopic surgery of the upper airways is often performed for diagnostic or therapeutic purposes. Cystoscopy 
can be performed in female and male patients to identify uroliths. Hysteroscopy in the mare is performed to diagnose and 
treat abnormalities of the uterine mucosa (e.g. cysts). 

For diagnostic purposes laparoscopy is performed in the standing or recumbent animal, depending on where the 
abnormality is located. Common uses for laparoscopy are diagnostic laparoscopy, cryptorchidectomy, ovariectomy and 
diagnostic thoracoscopy. Other reported uses include inguinal hernia repair, ruptured bladder repair and ventral colopexy. 
Laparoscopy is often used for cryptorchid castration and ovariectomy (in the standing horse).

Exotic animals
Endoscopy is extensively used in avian medicine. Due to the presence of the air sac system no insufflation is necessary 
when performing an avian celioscopy.

The initial role for this instrument was to determine the sex of monomorphic species (such as parrots). The approach 
would always be on the left lateral side, as this is where the single ovary of birds can be found. For endoscopic evaluation 
of the coelom (Figure 22), the left lateral approach is still most commonly used. The 2.7 mm endoscope with a 30° angle 
view is considered the standard in avian endoscopy. The 30° angle view allows evaluation of a larger area without having 
to move the endoscope around. The scope is used in conjunction with a working channel, which enables the introduction 
of fine instrumentation for cutting and taking biopsies. Many different instruments have been developed specifically for 
use in birds.

Tracheoscopy is a very important technique to evaluate and treat the commonly seen tracheal obstructions in parrots 
caused by a fungal infection. To maintain anesthesia and oxygen flow into the respiratory system, air sac perfusion 
anesthesia has to be performed. This will enable free access to the trachea without the risk of suffocation. The trachea is 
usually not large enough to accommodate a working channel but will function as a working channel for the endoscope. 
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For a tracheal obstruction in a parrot the size of an Amazon parrot (approximately 450 gram), a 1.9 mm scope with a 
0° angle view is considered ideal. The small sized scope will allow the introduction of grasping forceps in the trachea 
alongside the scope, thus allowing removal of the obstruction.

Triple-entry endosurgery techniques have been described for avian medicine, but this should be considered a highly 
specialized area of surgery.

Endoscopic ovariectomy has also been performed in rabbits and ferrets. It is controversial, however, as this technique 
does not have a clear advantage over traditional surgery.

Endoscopy is also a great tool in reptiles, and especially in turtles. This technique prevents the need to saw through 
the plastron (lower shell of a turtle) to enter the coelom. Insufflation of the coelom is necessary in these species. 
Endoscopic-assisted ovariectomies have been described in turtles.

Endoscopy is also a great tool in the evaluation of the respiratory system in many different species of reptile.

Figure 22. Endoscopic evaluation of the coelom 
in a pigeon.

4.4.4 Disadvantages

The most common complications of endoscopic surgery 
occur during placement of the trocar-cannula combinations. 
Cartilaginous trauma can occur during arthroscopic 
procedures. Laceration of parenchymatous organs (spleen, 
liver) and perforation of luminal organs (bladder) can occur 
during laparoscopic procedures. Laceration of lung lobes and 
perforation of blood vessels or even the heart can occur during 
thoracoscopic procedures.

Many horses show a transient rise in rectal temperature and 
some abdominal discomfort after a laparoscopic procedure 
with CO2-induced pneumoperitoneum of longer duration. The 
risk of perforating (gas-filled) intestines when introducing a 
trocar at the beginning of the procedure is real. Fasting for 36 
hours before surgery is recommended to reduce this risk.

4.4.5 Health Risks for the Surgical Team 

The surgeon should be aware of the ‘chimney effect’: leakage of CO2 gas may occur around the cannula opening. When 
utilizing electrosurgical devices or lasers, the risks mentioned earlier relating to surgical smoke (irritation, mutagenic 
effect and transport of infectious pathogens) therefore also apply. If laser surgery is used for endoscopic tumor resection, 
the possible implantation of tumor cells near the trocar opening should be taken into account. 

Endoscopy combined with electrosurgery or laser surgery in large animals will generate large amounts of carbon 
monoxide (CO) in the body cavities due to a chemical reaction with the carbon dioxide (CO2) present. This is of risk to 
the patient but also to the surgical team. In the patient, it may lead to methemoglobinemia and possible saturation 
problems. 
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5.1 Suture Materials 

5.1.1 Introduction

Suture material, in its broadest definition, includes all materials that can be used to permanently close a surgical wound 
and/or stop bleeding from vessels, such as sutures, staples and (hemo)clips, and the needles needed to pass suture 
through the tissue. 

5.1.2 Suture Materials

5.1.2.1 General Suture Materials

Suture materials may be classified in different ways; for instance, natural materials (catgut) can be differentiated 
from synthetic materials. A practical and clinically more useful classification is based on structure and absorbability. 
A differentiation is made between absorbable and non-absorbable and braided (multifilament) and single strand 
(monofilament) suture material. Applied to a number of well-known suture materials, this gives the following 
classification (Table 1):

Table 1. Suture Materials: Structure and Absorbability 

5 - SUTURE MATERIALS & SUTURE TECHNIQUES

Monofilament

Multifilament

Absorbable

polyglecaprone (Monocryl®) 

polydioxanone (PDS®) 

polyglycolate (Maxon®)

catgut /chromic catgut 

polyglycolic acid (Dexon®) 

polyglactin 910 (Vicryl®) 

Non-Absorbable

steel wire

polyamide (Nylon) 

polypropylene (Prolene®, surgilene®)

steel wire 

polyamide (Nylon)

polyester (Dacron®, Mersilene®) 

silk

For absorbable materials, a further subdivision is made based upon the speed of absorption. A differentiation should be 
made between loss of tensile strength and disappearance of the material from the tissue (absorption). For all materials, 
the speed with which the strength decreases, exceeds that of absorption. This is clearly illustrated in Table 2, which 
includes the results of independent research and data from the manufacturers of commonly used veterinary suture 
materials.

Table 2. Absorbable Material: Structure, Loss of Strength and Absorption Time

Name

Vicryl rapide® 

Vicryl® 

Monocryl® 

PDS II® 

Structure

Braided

Braided

Monofilament

Monofilament

50% Strength

5 days

21 days

7 days

>6 weeks

0% Strength

2 weeks

1-2 months

1 month

100% Absorbed

42 days

3 months

3 months

182 - 238 days



75

5 - SUTURE MATERIALS & SUTURE TECHNIQUES

When choosing an appropriate suture material, besides the factors mentioned above, handleability, the knot security 
and the degree of tissue reaction are also of importance. Last but not least, the ease of suture removal after healing 
should be determined, for instance in wild(er) animals. The ideal material is easy to handle, causes little tissue reaction, 
has secure knots, retains its tensile strength as long as necessary, is easy to remove and rapidly dissolves afterwards. 
Unfortunately, there is no material that satisfies all these criteria, but recent developments have decreased the distance 
between the ideal and reality for certain materials. The traditional natural materials (catgut, chromic catgut and silk) 
are now considered obsolete for many procedures. Catgut may carry prions (BSE), which is a major argument against its 
use in human medicine. Stainless steel wire has a number of advantages (great strength, little tissue reaction) but is not 
easy to handle and therefore often less suitable for general veterinary practice. The synthetic braided non-absorbable 
materials are generally easy to handle but may cause a certain degree of tissue reaction and are easily colonized by micro-
organisms. This may lead to suture granulomas and fistulas, which may be hard to treat and lead to a second surgery to 
remove the suture foreign body. In situations where the suture material remains in the body, the best option is therefore 
synthetic, absorbable multi-/monofilament suture material or synthetic nonabsorbable monofilament suture material. 
The choice of suture material is further determined by the speed of tissue recovery and the forces exerted on the sutures 
during healing. Non-absorbable suture material is an excellent choice for skin closure; monofilament is generally preferred 
over braided suture material because it has a decreased capillary function, allowing bacteria to enter the suture tract. 

Suture thickness is expressed as a number, which not only indicates the diameter but also the suture strength (USP, 
United States Pharmacopoeia). Thickness is expressed as a whole number (strong) or with several zeroes (the more 
zeroes, the thinner the material). Materials with the same number may have a different diameter if they have different 
tensile strengths: e.g., catgut 0 is thicker than stainless steel 0. The choice of suture material size is determined by the 
forces exerted on the suture, which vary according to the tissues, motility of the region and species in which the material 
is used. In small animals, commonly used sizes are between 4-0 (intestinal sutures) and 0 (sutures in the linea alba of 
a large dog). In the horse and farm animals, sizes usually vary from 3-0 (intestinal suture in a foal) to 6 (linea alba of 
an adult horse). In specific organs, for example the eye, specific suture sizes between 5-0 and 10-0 are used. EP units 
(European Pharmacopoeia) are used alongside USP units. The EP unit merely indicates the thickness: 1 EP = diameter of 
the suture is 0.1 mm, 2 EP = 0.2 mm, 10 EP = diameter 1 mm (the largest size available).

Figure 1. 
Example of barbed suture material

5.1.2.2 Specific Suture Materials

New types of suture material are being developed all the time. One of 
the latest advances in suture biomaterials is barbed sutures, which have 
gained popularity in reconstructive and endoscopic surgery (Figure 1). 
These self-anchoring barbed wires have barbs cut into the suture material 
that engage the tissue and prevent the suture from pulling out of the 
tissue, thus eliminating the need for a knot. These suture materials have 
significantly decreased surgical time (as tying knots endoscopically can 
be time-consuming) and are cosmetically more pleasing when used in 
superficial subdermal patterns. Barbed sutures have certain handling 
characteristics that should be recognized, however. Once the needle is 
pulled through the tissue and barbs engage the tissue, the suture cannot 
be removed by simply backing the needle out. The needle must therefore 
be positioned well and checked carefully before pulling the thread 
through the tissue. The learning curve associated with the use of this type 
of barbed suture material seems steeper than non-barbed materials.

b

a
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5.1.3 Suture Needles 

Suture needles are characterized by the following features:

1. Diameter
2. Curvature
3. Suture attachment

The diameter is not identical over the entire length of the needle; the profile of the tip is generally different to that of its 
shaft, which is again different from that of the eye. 

The main division is between round needles and cutting needles. Round needles have a round to oval shaft that tapers 
to a sharp point at the tip (like a sewing needle for textiles). In these needles, the shape of the needle pushes the tissue 
aside and the suture track matches that of the suture material, leading to a minimal risk of leakage along the suture 
and tearing of the tissue. However, tissue penetration is more difficult than with cutting needles, and this is especially 
notable at the moment of insertion. Round needles are mainly used in soft tissue and in locations where leakage via the 
suture path or tearing of the tissue are undesirable. Examples include suturing of the digestive tract and the bladder. 
Packaging for round needles has either a symbol of a circle with a dot in the middle or includes the words “taper point”.

Cutting needles also have a round or oval body, but the tips have cutting edges to improve passage. Usually there are 
three cutting edges, so the needle tip has a triangular profile; in the cutting needle, the tip of this triangle points inwards, 
and in the reverse cutting needle it points outwards. Approximately half of the length of the needle has the triangular 
shape; the remainder is round or oval. Since tissue is mainly compressed at the inside of the needle curvature, there is an 
increased risk with cutting needles that, when tightened, the material will cut deeper into the tissue than with reverse 
cutting needles. Needles that are supplied individually are usually cutting needles, while needles of atraumatic suture 
material (see below) are usually reverse cutting needles. This is depicted on packaging using a triangular symbol with the 
point directed downwards (reverse cutting).

The taper cut needle is an intermediate between a round and cutting needle. Most of the shaft is round but the tip 
is (reverse) cutting. Only a short length of the needle has the triangular shape in this model. The symbol included on 
packaging is a triangle (point down) in a circle. If the needle tip has more than 3 edges, it is referred to as trocar point. 
The needle is usually a little thicker than its round equivalent. 

Taper cut needles are used in tissues requiring a round 
needle path, but which have reasonably firm consistency, 
such as the canine gastric wall. A taper cut needle may 
also be a good choice for closing a rectal tear. The flat 
needle, usually with a taper point tip and made of extra-
strong, black-colored material (Visi-black®) is a recent 
development (Figure 2).

Besides these needle types, there are also a number of 
variants developed for specific uses, such as the spatula 
needle, used for sutures of the cornea. The shape of the 
needle is designed to create a needle path with minimal 
tissue trauma (see Chapter 15).

The curvature of the needle is given in eighths of a circle 
and varies from straight to 5/8 of a circle. Straight needles 
are rarely used nowadays; they are indicated for the 
penetration, at right angles, of a flat surface. An example 
is the suturing of an aural hematoma in the dog.

Figure 2. Schematic representation of various needles 
types commonly used in surgery (a. Blunt needle; b. 
Taper point needle; c. Taper cut needle; d. Reversed 
cutting needle).

ba dc
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The curvature of the needle determines the pathway of the needle through the tissue (depth) and the angle at which the 
needle enters and leaves the tissue. Lightly curved (3/8) needles are used for superficial sutures in easily accessible areas 
(e.g., skin sutures), moderately curved (4/8) needles for tissue that is less accessible or that needs deeper sutures (e.g., 
perforating intestinal suture), and strongly curved (5/8) needles for tissue that is poorly accessible and requires deep 
sutures (e.g., closing an inguinal hernia).

In loose or detached suture needles, suture material needs to be threaded through the eye of the needle before use. 
This part of the needle is considerably wider than its shaft, and the suture material is also doubled up at this location, 
making the whole much bulkier at eye level than the diameter of the suture material itself, thus causing more trauma 
to the tissue (traumatic needles) than needles with suture material threaded into the needle (atraumatic needles). The 
large needle path created is a disadvantage, in particular in areas where leakage is undesirable, such as the intestine or 
the urinary bladder. The increased resistance caused by the ‘bulky eye’ leads to a stronger pull during tissue fixation and 
needle penetration, and thus more tissue trauma. 

In atraumatic needles, the material is attached to the base of the needle during the manufacturing process. The 
transition from needle to suture is therefore much smoother. As the diameter at the eye level of the needle is similar 
to that of the thickness of the material, the needle track is narrower. As a consequence, less force is needed for needle 
penetration. These two effects make this type of suture more atraumatic.

5.1.4 Staples and Clips

Staples are increasingly used in veterinary surgery. They are mainly used for skin closure or for suturing organs with 
specific stapling instruments. The major advantage of staples is their ease (and therefore speed) of use. In skin closure, 
stapling clearly saves time when compared to conventional suture techniques, and without loss of safety or cosmetic 
effect. While stapling the skin leads to an initial poorer cosmetic end result than the use of a continuous subcutaneous 
suture (the gold standard for skin closure), its outcome is certainly no worse than that of interrupted skin sutures.

When stapling organs (e.g., intestinal anastomosis or excision of a lung or liver lobe), some mechanical staplers carry 
out several actions simultaneously (Figure 3). When ‘firing’ such staplers, both segments are stapled and transected 
simultaneously. Mechanical staplers are expensive and only have a limited number of applications in veterinary practice. 
In most situations, the suturing for these applications can be carried out by hand. 

Figure 3. A disposable TA (Thoraco-Abdominal) 
stapler with cartridge often used for lung 
lobectomy.

The exception to this is endoscopic surgery. Endoscopic staplers, 
designed specifically for this purpose, allow procedures to be performed 
within body cavities through a small incision, whereby the surgeon 
handles the instrument by remote manipulation (outside the body).

Endoscopic surgery has taken flight in human medicine and is also 
gaining popularity in veterinary surgery. The instruments required are 
expensive, and ‘remote operating’ via the screen requires special skills. 
The technique is therefore often reserved to more specialist surgeons, 
with the exception of laparoscopic spaying which is increasingly 
available in larger general veterinary practices as well.

Hemoclips are fasteners used to clamp off blood vessels. These clips 
exist in metal and absorbable material (polyglactin 910 and PDS®). 
Metal clips are V-shaped and are clamped around the blood vessel. The 
absorbable clips have a locking mechanism at the tip. Although this 
secures closure, absorbable clips are considerably bulkier than metal 
clips of the same size.



78

5 - SUTURE MATERIALS & SUTURE TECHNIQUES

Hemoclips are placed around the blood vessel with special forceps. The size of the clip should match up with that of the 
blood vessel. The clip should be longer than the diameter of the (flattened) blood vessel so that the clip ends interlock 
well, and the locking mechanism (of the absorbable clip) engages completely free of the blood vessel. If the clips are too 
small, the tips may puncture the wall of the blood vessel, potentially resulting in bleeding – the opposite of what was 
intended by using clips in the first place.

The advantage of clips compared to ligatures is the relative ease with which blood vessels may be safely clamped in less 
accessible (deeply located) places. Less manipulation is needed than when ligating, although the blood vessels should 
be well separated from the surrounding structures for hemoclips as well. A drawback is that only relatively small blood 
vessels (diameter < 11 mm) can be clamped in this way.

5.2 Suture Techniques 

5.2.1 Introduction

An incision is often closed, by approximating the wound edges with suture techniques, to obtain healing by first 
intention. This generally requires exact apposition of the wound edges, which is achieved by suture techniques that are 
as simple and use as little suture material as possible. Sutures that are too tight or too numerous may cause ischemia of 
the wound edges, which may severely impair wound healing.

If a wound consists of several tissue layers, such as skin, subcutaneous tissue and muscle, each layer should be sutured 
separately. A wide range of suture techniques is available; the surgeon should know the pros and cons of each technique 
in order to make the best choice for the given situation.

There is an important difference between interrupted and continuous (or running) sutures. Interrupted sutures ensure 
wound closure by individual sutures. This was often considered to be the safest method in the past, as the unravelling of 
one single suture has no consequences for the wound closure as a whole. However, if something were to go wrong with 
a continuous suture (unravelling of a knot, suture breakage, tearing of tissue) this may have serious consequences as 
the entire suture line becomes loose. On the other hand, a well-tied knot should not become unfastened. Furthermore, 
the risk of spontaneous breakage of modern synthetic suture material when handled appropriately is minimal, while the 
risk of tissue tearing depends largely on the suture technique used (sufficient tissue taken up by the suture, not pulled 
too tight). Interrupted techniques may be indicated when the viability of part of the wound edge is questionable (e.g., 
traumatic wounds). As a drawback, interrupted sutures require more suture material to close the wound and leave more 
behind, mainly in the form of numerous knots. Also, tying interrupted sutures takes more time; each suture needs to be 
tied and cut separately.

An interrupted suture is also said to be less resistant to tension in the wound area. The pull of the independent sutures 
on the tissue is high, causing them to tear more easily. In continuous suture patterns, the tension is spread evenly 
over the entire length of the wound, leading to a lower pressure of the suture material on the tissue at the level of the 
perforation. This means a continuous suture tears the tissue less easily. The discussion as to whether to use interrupted 
or continuous sutures, for instance for the closure of the abdomen following a midline laparotomy in the dog and cat, has 
been going on for some time. A retrospective evaluation of more than 500 abdominal closures in dogs and cats, however, 
has shown that a continuous suture does not lead to an increased risk of tearing or wound dehiscence.
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5.2.2 Handling Needle Holder, Needle and Suture

When placing the needle in the needle holder, three points should be observed:

1. The position of the needle in the beak of the needle holder
2. The place on the needle where it is picked up
3. The angle the needle makes with the beak of the needle holder

The needle is picked up close to the beak tip of the needle holder; gripping nearer the joint is more likely to damage the 
needle as the beak is wider and increases the risk of breakage. The needle should be picked up between the tip and the 
end (swage of needle). The closer the needle is grasped by the tip, the higher the chance that the tip will be damaged, 
making its use more cumbersome. The closer the needle is held by its swage/eye, the larger the part that will reappear 
after tissue penetration and the easier the needle can be picked up again. Control of the direction of the needle is more 
complicated the closer the needle is grasped to the end of the needle, i.e., the farther away from the tip. The farther 
away from the tip, the bigger is the chance that you will bend the needle during the insertion process. In soft tissue, the 
needle is therefore held closer to the end and in firm tissue closer to the tip.

The angle between the needle and the beak of the needle holder may vary from wide to narrow but is most commonly 90 
degrees; it is also possible to turn the needle around its longitudinal axis. In this way, the needle holder only needs to be 
rotated along its longitudinal axis to push the needle through the tissue. At angles other than 90°, additional movement 
of the needle holder is necessary to make the needle move along the required needle path. These movements require 
extra space to maneuver, and the needle may be damaged over a large circumference. Paradoxically, the smaller the 
available space, the larger the tendency of the surgeon to hold the needle at a diverging angle.

Figure 4. Schematic representation of the 
various eyes of a needle. a. Rolled-end; b. 
Drilled-end; c. Regular eye; d. Single spring 
eye; e. Spring double eye.

The way in which the suture is fed through the eye of the separate 
needle depends on the type of eye. There are two types of needle 
eyes: closed and open (spring eye). The French eye needle is, in fact, a 
spring double eye; a second eye exists behind the open eye (Figure 4). 
In closed eye needles, the material is fed through the eye. In open eye 
needles, the suture material is pulled through a spring slot above the 
needle eye; after pulling the suture through this slot, the sides of the 
spring coil back into place and close the eye. 

By feeding the suture first through the underlying eye in a French 
eyed needle, extra fixation can be obtained. This enlarges the amount 
of suture material at the end of the needle even more and renders 
its passage through the tissue more difficult, thereby creating more 
tissue trauma. Additionally, pulling the suture through the spring 
can damage the suture. The part of the suture that was pulled into 
the spring eye should therefore not be included in the suture line to 
prevent suture failure.



80

5 - SUTURE MATERIALS & SUTURE TECHNIQUES

Suture material is fed through an open (spring) eye needle as follows (right-handed method): 

• Grasp the needle with the needle holder, needle eye towards the right (the point towards you). 
• Pull the suture with your left hand along the lower leg of the needle holder towards the beak holding the  
 needle, ensuring the suture is located under the needle. 
• Pull the suture just past the needle, then upward and sideways over the end of the needle. The right hand  
 (holding the needle holder) keeps tension on the suture while it is pulled through the spring into the eye with  
 the left hand.

When inserting the needle, the tissue is fixated using a tissue forceps, as close as possible to the place of needle 
insertion and until the needle has passed through the tissue completely. 

The tip of the needle should be placed correctly at the first go. During needle insertion, a higher conical resistance 
must be overcome than during the rest of the passage; the position of the needle tip at insertion partially determines 
the resistance met (depending on the type of tissue). Insertion is easiest when the needle is inserted at right angles 
(perpendicular) to the skin.

The distance between the point of insertion and wound margin depends on the thickness of the layer to be sutured. The 
distance between insertion point and wound edge should be approximately equivalent to the thickness of the layer.

When pushing the needle through the tissue, the following general forces play a role:

1. An insertion force, pushing the needle through the first layers to the intended depth
2. A driving force to push the needle parallel to the surface
3. A movement towards the surface of the opposite side

This movement is possible, even though the needle has a rigid curve, because of the flexibility of the tissue (‘the tissue 
follows the curve of the needle’).

The degree of rotation depends on the shape of the needle. A 3/8 curved needle should be rotated over 135° through 
the tissue, a 4/8 needle over 180°. The hand position at the moment of insertion determines the ease with which the 
rotation can be obtained. There are two starting positions: pronation (with the back of the hand turned upward) and 
supination (with the palm upward). By starting in pronation, the wrist will automatically turn in the correct direction and 
the needle will naturally follow the correct pathway.

When passing through firm tissue, the needle should be grasped closer to the tip and must be (re)grasped again several 
times by placing the needle holder closer and closer to the eye of the needle; in doing so, the needle is gradually pushed 
through the tissue rather than pulled out using force at the tip. Grasping the needle by the tip of the needle should be 
avoided under all circumstances, as it will damage the tip and will render the passage of the needle more difficult during 
subsequent suturing.

Once the needle has been driven through the tissue up to the end of the needle, it should be pulled out at the other side. 
For this, the needle needs to be released and picked up again. This process of releasing the grip on the needle carries the 
risk that nearby structures are punctured; to avoid this, the needle should be stabilized during the ‘take-over’. This may 
be done in several ways: 

• Extraction with the needle holder while the tissue is fixed with a forceps
• Extraction with a forceps without fixing the tissue
• Extraction with the use of a special fixation forceps
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When the needle holder is used for extraction, the needle is stabilized by fixing the tissue near the needle. The needle is 
released and picked up again by the needle holder at the other side. At extraction, the same forces come into play as with 
needle insertion and driving. Again, the needle holder can be held in either pronation or supination. In pronation, the wrist 
turns to supination with ease, making the rotating movement needed for the needle path. This movement enables pulling 
the needle out of the tissue without awkward twisting of the wrist. As a drawback, the needle needs to be repositioned in 
the needle holder before re-insertion into the tissue. Extraction of the needle in supination saves time, as the needle is in 
the correct position for the next suture insertion. Its disadvantage is that it is more difficult to follow the needle path, as it 
is awkward to further rotate the hand already in supination without excessive twisting of the elbow and shoulder.

Most needles are not curved over their entire length; at its end/eye, the needle is usually straight. As a consequence, 
the needle should no longer be rotated when the eye is pulled through. A continued rotating movement would make the 
extraction more difficult and lead to tissue damage as the eye ‘ploughs’ through the tissue. The end of the spring double 
eye needle in particular may cause a lot of damage with improper use.

When extracting the needle with tissue forceps, the forceps are transferred from the tissue to the needle. The needle 
holder will hold on to the needle until the tissue forceps have been placed at an angle of 90° to the needle. The needle is 
then pulled out of the tissue with the forceps, held in the left hand. Here similarly, the hand movement may start from 
pronation or supination. Pronation has the same advantages as described above; the disadvantage of being picked up 
again no longer applies. This method requires fewer manipulations and is therefore faster but has as a disadvantage that 
the needle cannot be grasped well with normal surgical forceps; special suture forceps with flattened and polished inserts 
behind the teeth are needed. Additionally, the needles may damage finer forceps or by the force exerted on the forceps 
during the needle extraction.

When pulling the needle through the tissue, several factors play a role:

1. The angle at which the suture material is pulled out of the tissue
2. The quantity of suture material pulled through the needle path
3. The roughness of the suture material

The suture lies in the groove at the end of the needle eye; the angle at which the suture is pulled out of the tissue is 
equivalent to that at which the eye is pulled out of the tissue. A sharp or wide angle will cause increased ‘sawing’ effect 
and more trauma. The quantity of suture material pulled through the needle path depends on the type of knot used and 
the length of the material. A smooth monofilament suture material pulls through the suture tract with more ease and less 
resistance than multifilament materials.

5.2.3 The Surgical Knot

A knot is the entwining of two suture ends in a pattern that 
ensures a compact intersection allowing resistance to a certain 
tensile force. A single entwining is called a half hitch; a knot 
always consists of several half hitches. Additional half hitches 
may be symmetrical or not. In a knot with symmetrical half 
hitches, both strands participate in equal degrees to form the 
knot; each strand will leave the knot in opposite directions 
(symmetrical or square knot). In knots with asymmetrical half 
hitches, the hitches are formed by one single strand; the strands 
do not leave the knot at opposite directions. Symmetrical knots 
are more stable than asymmetrical knots, which are also known 
as ‘granny or slip knots’ (Figure 5). 

Figure 5. Schematic representation of various 
surgical knots. a. Simple; b. Square knot; c. 
Surgeon’s knot; d. Slip knot or Granny.

a

b

c

d



82

5 - SUTURE MATERIALS & SUTURE TECHNIQUES

A typical surgical knot consists of three symmetrical throws, derived from the square knot. The difference with the 
square knot is that the suture ends of the first half hitch entwine twice rather than once. As in the square knot, surgical 
knots consist of three half hitches. They can either be tied with instruments or by hand.

5.2.3.1 Knot Tying With Instruments

When tying knots with instruments, the needle holder and tissue forceps may be used. In the absence of professional 
assistance in the form of an operating assistant, this method is faster than tying by hand. Additionally, less suture 
material is used, making the method more economical.

The instrument knot is tied as follows: 

• The short end of the suture material is at the ‘far’ end of the incision; it is just long enough to be picked up by  
 the needle holder. The long end is at the ‘near’ side. 
• The needle holder is placed in closed position upon the long end of the thread, parallel to the incision. 
• The long end of the suture is circled twice around the beak of the needle holder. The beak is opened, and the  
 needle holder then grasps short end. 
• The first half hitch is tied by pulling with equivalent force on both ends, with the long end away from the  
 surgeon (far side) and the short end (in the needle holder) towards the surgeon (near side). The hands should  
 not be crossed (obscuring the view of the knot) but be pulled in parallel so that the knot is easily visible. 
• To obtain a ‘flat’ hitch, both ends need to be pulled with the same force. 
• The first half hitch should not be pulled too tightly; the wound edges should join evenly (appose) but should  
 not come under pressure.

For the second half hitch, the position of the needle holder and movement are similar to that of the first, only inverted 
(mirrored).

• The needle holder is placed in closed position at the far side of the incision, on the long end of the suture.
• The long end is circled (intertwined) once around the beak of the needle holder. The beak is opened, and the  
 needle holder then grasps the short end. 
• The half hitch is pulled tight by moving the long end towards the surgeon (to the near side) and the short end  
 away from him (to the far side).
• The second half hitch is tightened more than the first. If the first half hitch was tied correctly, this will not or  
 hardly tighten the suture any further.

The movements for the third half hitch are identical to that of the first, the only difference being that the suture is only 
circled once around the needle holder beak.

• The closed needle holder is placed on the long end of the suture, at the near side of the incision. 
• Again, the long end is circled around the beak of the needle holder. 
• The third and last half hitch is pulled tightly to prevent the knot from unravelling; the pulling force should of  
 course be adjusted to the strength of the suture material (Figure 6a-zf).
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The needle holder is used to grab 
the swage (end) of the needle in the 
suture package.

The needle is gently removed from 
the package.

The needle is held halfway by the 
beak tip of the needle holder.

6a 6b 6c

The Instrument Square Knot (Figure 6a-zf) 

The needle is inserted at a perpen-
dicular angle into the tissue.

By a rotating movement of the wrist 
(pronation), the needle is driven 
along the needle path in the direc-
tion of the incision.

The needle is grasped at the swage 
end by the needle holder and 
pushed through the tissue until the 
major part of the needle emerges 
from the surgical wound edge.

6d 6e 6f

The needle is grasped halfway the 
shaft by the needle holder and is 
pulled out of the surgical wound 
edge using a rotating movement of 
the hand (pronation). 

The suture is pulled out as far as 
required.

The needle is inserted in the oppo-
site wound edge.

6g 6h 6i
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The needle is pushed through the 
tissue and perforates the surface at 
a similar distance from the wound 
margin as that of the point of inser-
tion to the wound edge.

The needle is grasped at the rear of 
the swage (end) and driven through 
the tissue until the major part of the 
needle emerges from the tissue. The 
tissue forceps stabilizes the wound 
surface at the same time without 
grabbing it.

The needle is grasped halfway the 
shaft and pulled out with care in a 
rotating movement.

6j 6k 6l

The Instrument Square Knot (Figure 6a-zf) continued

The needle is held in between the 
thumb and forefinger.

The short end of the suture material 
is at the ‘far’ end of the incision. The 
needle holder is placed in closed 
position upon the long end of the 
thread, parallel to the incision. 

The long end of the suture is circled 
once around the beak of the needle 
holder. 

6m 6n 6o

The beak of the needle holder is 
opened.

And the needle holder grasps short 
end.

The short end of the suture is pulled 
towards the surgeon (to the right in 
the picture).

6p 6q 6r
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The first half hitch is tied by pulling 
with equivalent force on both ends, 
with the long end away from the 
surgeon (far side – left in picture) 
and the short end (in the needle 
holder) towards the surgeon (near 
side – right in picture).

The needle holder is placed in closed 
position at the far side of the incision, 
on the long end of the suture.

The long end is circled (intertwined) 
once around the beak of the needle 
holder. 

6s 6t 6u

The Instrument Square Knot (Figure 6a-zf) continued

A full circle is obtained. The beak is opened and the needle 
holder then grasps the short end. 

The half hitch is pulled tight by 
moving the long end towards the 
surgeon (to the near side – right in 
picture) and the short end away from 
him (to the far side – left in picture).

6v 6w 6x

Equal tension is placed on each end 
of the suture to guarantee a square 
knot.

The second half hitch is tightened 
more than the first.

6y 6z
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The closed needle holder is placed 
on the long end of the suture, at the 
near (right) side of the incision. 

The long end is circled around the 
beak of the needle holder. 

The short end is grasped by the 
needle holder.

za zb zc

The Instrument Square Knot (Figure 6a-zf) continued

The short end is pulled gently to the 
opposite side (right side in picture).

The third and last half hitch is 
pulled tightly to prevent the knot 
from unravelling.

The suture is cut with a suture 
scissors, taking care that both suture 
ends are of equal length.

zd ze zf

5.2.3.2 Knot Tying By Hand

Knots can be tied by hand in two ways: with one hand or two. Both methods have a number of variations and will be 
illustrated for both hands. Contrary to what might be expected, both hands are needed to tie knots with one hand. 
Knots are referred to as one-handed as all manipulations are carried out with one hand (either right- or left-handed
technique); the right is passive, and its only role is to keep tension on the long end of the suture. For two-handed knots, 
the right hand plays a greater role in the manipulation of the suture. 

One-handed knots can be tied faster than two-handed knots, and this is particularly useful when the placing of sutures 
and the tying of knots alternate. In the two-handed knot, the force applied on both ends can be better gauged; but what 
is gained in precision is lost in speed. Both types of knots have their own indications. The one-handed knot is used when 
speed is particularly important, and precision plays a minor role (e.g., closing a skin incision); the two-handed knot is 
preferred when precision is essential (e.g., ligating blood vessels). 



87

5 - SUTURE MATERIALS & SUTURE TECHNIQUES

The far side end (white) is held in the 
palm of the left hand, leaving the 
thumb and index free to manipulate 
the suture, while the near side end 
(purple) is held in the right hand. 

The left index finger and thumb are 
held in a pistol grip while the far 
side (white) suture is grasped by the 
other fingers. The right hand grasps 
the near side (purple) suture between 
thumb and index finger.

The left hand is positioned over the 
incision (pistol grip), with the base 
of the near side (purple) suture 
positioned behind it.

7a 7b 7c

The Two-Handed Knot is Tied as follows (Technique for Right-Handed Surgeons; Figure 7a-z)  

The first half hitch is started by 
crossing the near side (purple) suture 
over the far side (white) suture on the 
left index finger. As the right hand 
needs to move over a larger distance, 
the purple (near side) end should be a 
bit longer than the far side (white).

The tip of the left thumb is then 
closed against that of the left index, 
forming a circle, enclosing both ends 
of the suture. 

The left wrist is rotated, moving the 
thumb through the suture loop so 
that the suture intersection slips 
from index finger to thumb and the 
finger and thumb are opened. 

7d 7e 7f

The near side (purple) suture end 
(now at the far side) is positioned 
between the left thumb and index 
finger.

The near side (purple) suture end 
(now at the far side) is grasped by 
closing the left thumb and index 
finger. The right hand releases the 
suture.

The (purple) suture is pulled through 
the loop by flexing the wrist and 
returning the thumb and index finger 
back to the starting position. 

7g 7h 7i
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The right hand picks up the (purple) 
suture again, once it has been fed 
through the loop.

The first half hitch is tightened, with 
the right hand (purple suture end) 
pulling away and the left hand (white 
suture end) towards the surgeon. 

7j 7k

The Two-Handed Knot is Tied as Follows (Technique for Right-Handed Surgeons; Figure 7a-z)  

The pulling force on both ends should be balanced so that the knot does not slide horizontally and remains immediately 
above the incision. The suture should be tightened just enough to make the wound edges meet. Sutures that are too 
tight may lead to edema and ischemia, which in the worst-case scenario, may result in necrosis of the wound edges. 
When tightening the sutures, the suture ends are pulled at right angles to the incision and at level with the knot. If 
the ends are pulled in opposite directions, there is only one resulting force acting on the tissue. This force is needed to 
appose the wound edges. If the ends are held higher than the knot during tightening, the tissue is submitted to a second 
force, pulling the wound upwards. In particular when ligating blood vessels, this may lead to the tearing of tissue in the 
knot or slippage.

For the second half hitch, the suture 
ends are held as at the end of the 
previous step, with the near end in 
the left hand and the far end in the 
right. The left thumb is extended 
(thumbs-up sign).

The left thumb is hooked (clockwise) 
under the base of the near side 
(white) suture. 

The left thumb, with the hooked 
suture, is brought above the incision.

7l 7m 7n

The Two-Handed Knot is Tied as Follows (Technique for Right-Handed Surgeons; Figure 7a-z)  
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The far side (purple) suture end is 
crossed over the near side (white) 
end, across the left thumb. Care 
should be taken not to pull at this 
stage, as it could loosen the first half 
hitch. 

The tip of the left index finger is then 
opposed to the left thumb.

The left index finger and thumb are 
closed forming a circle around the 
suture.

7o 7p 7q

The Two-Handed Knot is Tied as Follows (Technique for Right-Handed Surgeons; Figure 7a-z)  

The left wrist is bent, moving the left 
index finger through the suture loop 
without opening the circle. 

The far side (purple) end (in the right 
hand) is pulled between index finger 
and thumb of the left hand.

The right hand releases the (purple) 
suture and the left hand closes the 
thumb and index finger.

7r 7s 7t

The left wrist returns to its original 
position, moving the left thumb 
through the (white) suture loop 
without releasing the suture.

The (purple) suture is picked up by 
the right hand.

The knot is gently tightened by 
pulling with equal strength on each 
suture end.

7u 7v 7w
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While tightening the knot the right 
hand (purple suture) pulls towards 
the surgeon and the left hand (white 
suture) pulls away from the surgeon.

The second half hitch should be 
tighter than the first, but not so 
tight that the first one closes further. 
The end result: a square knot.

The hands are back to the original 
position (Figure 7b) with the left 
index finger and thumb in a pistol 
grip (white suture) and the right 
hand holding the purple strand.

7x 7y 7z

The Two-Handed Knot is Tied as Follows (Technique for Right-Handed Surgeons; Figure 7a-z)  

The far side end (white) is held in 
the palm of the right hand, while the 
near side end (purple) is held in the 
left hand. 

The right index finger and thumb are 
held in a pistol grip while the rest of 
the far side (white) suture is grasped 
by the other fingers. The left hand 
grasps the near side (purple) suture.

The first half hitch is started by 
crossing the near side (purple) suture 
over the far side (white) suture on the 
right index finger. As the left hand 
needs to move over a larger distance, 
the purple (near side) end should be a 
bit longer than the far side (white).

8a 8b 8c

The Two-Handed Knot is Tied as Follows (Technique for Left-Handed Surgeons; Figure 8a-w):  

The tip of the right thumb is then 
closed against that of the right index 
finger, forming a circle, enclosing both 
ends of the suture.

The right wrist is rotated, moving 
the thumb through the suture loop 
so that the suture intersection slips 
from index finger to thumb.

The finger and thumb of the right 
hand are opened.

8d 8e 8f
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The near side (purple) suture end (now 
at the far side) is positioned between 
the right thumb and index finger. The 
near side (purple) suture end (now at 
the far side) is grasped by closing the 
right thumb and index finger. The left 
hand releases the suture.

The (purple) suture is pulled through 
the loop by flexing the wrist and 
returning the thumb and index finger 
back to the starting position. 

The left hand picks up the (purple) 
suture again, once it has been fed 
through the loop.

8g 8h 8i

The Two-Handed Knot is Tied as Follows (Technique for Left-Handed Surgeons; Figure 8a-w):  

The first half hitch is tightened, with 
the left hand (purple suture end) 
pulling away and the right hand (white 
suture end) towards the surgeon. 

The pulling force on both ends 
should be balanced so that the 
knot does not slide horizontally 
and remains immediately above the 
incision.

For the second half hitch, the suture 
ends are held as at the end of the 
previous step, with the near end in 
the right hand and the far end in the 
left. The right thumb is extended 
(thumbs-up sign).

8j 8k 8l

The right thumb is hooked (clockwise) 
under the base of the near side 
(white) suture. 

The far side (purple) suture end is 
crossed over the near side (white) end, 
across the right thumb. Care should 
be taken not to pull at this stage, as it 
could loosen the first half hitch. 

The tip of the right index finger is 
then opposed to the right thumb and 
closed forming a circle around the 
suture.

8m 8n 8o
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The right wrist is bent, moving the 
right index finger through the suture 
loop without opening the circle. The 
index finger and thumb are released.

The far side (purple) end is 
positioned between index finger and 
thumb of the right hand.

The left hand releases the (purple) 
suture and the right hand closes the 
thumb and index finger.

8p 8q 8r

The Two-Handed Knot is Tied as Follows (Technique for Left-Handed Surgeons; Figure 8a-w):  

The right wrist returns to its original 
position, moving the right thumb 
through the (white) suture loop 
without releasing the suture.

The (purple) suture is picked up by 
the left hand.

The knot is gently tightened by 
pulling with equal strength on each 
suture end.

8s 8t 8u

While tightening the knot the left 
hand (purple suture) pulls towards 
the surgeon and the right hand (white 
suture) pulls away from the surgeon.

The second half hitch should be 
tighter than the first, but not so tight 
that the first one closes further. The 
end result: a square knot.

8v 8w
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The (white) upper suture end is held 
in the right hand and the (purple) 
lower suture end in the left hand. 

The white end is held in the palm of the 
right hand, leaving the thumb and index 
finger free to manipulate the suture. 
The purple end is held between thumb 
and index finger of the left hand. The 
first half hitch is made by the right hand 
only. The right index finger is positioned 
parallel to the incision (pistol grip).

The purple end of the suture is 
crossed over the white end of the 
suture on the right index finger.

9a 9b 9c

The One-Handed Knot Tying for Right-Handed Surgeons (Figure 9a-l): 

The right index finger hooks behind 
the white suture.

The right index finger pulls the 
white suture under and through the 
loop made by the purple suture.

The strand of the white suture is 
now pulled through the loop of the 
purple suture.

9d 9e 9f

The purple suture end is pulled 
away from the surgeon by the left 
hand and the white suture end is 
pulled by the right hand towards the 
surgeon.

The second hitch is started by 
holding the white strand between 
the right index finger and thumb and 
hooking the suture around the little 
finger of the right hand. The palm of 
the right hand is facing the surgeon.

The purple strand is positioned by 
the left hand parallel to the white 
strand over the middle finger, the 
ring finger and the little finger.

9g 9h 9i
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The middle finger of the right hand 
hooks behind the white strand of 
the suture and pulls it under the 
purple suture end.

The white strand is let go by the thumb 
and index finger and picked back up un-
der the purple strand by the right hand.

The square knot is tightened by 
pulling the white strand away from 
the surgeon with the right hand and 
the purple.

9j 9k 9l

The One-Handed Knot Tying for Right-Handed Surgeons (Figure 9a-l): 

The far side end (white) is held in 
the palm of the right hand, while the 
near side end (purple) is held in the 
left hand. 

The right index finger and thumb are 
held in a pistol grip while the rest of 
the far side (white) suture is grasped 
by the other fingers. The left hand 
grasps the near side (purple) suture.

The first half hitch is started by 
crossing the near side (purple) suture 
over the far side (white) suture on the 
right index finger. As the left hand 
needs to move over a larger distance, 
the purple (near side) end should be a 
bit longer than the far side (white).

10a 10b 10c

The One-Handed Knot Tying for Left-Handed Surgeons (Figure 10a-n): 

The tip of the right thumb is then 
closed against that of the right index 
finger, forming a circle, enclosing both 
ends of the suture.

The right wrist is rotated, moving 
the thumb through the suture loop 
so that the suture intersection slips 
from index finger to thumb.

The finger and thumb of the right 
hand are opened.

10d 10e 10f
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The white strand is picked up again 
by the left hand and pulled through 
the loop of the purple suture.

The purple suture end is pulled away 
from the surgeon by the right hand 
and the white suture end is pulled by 
the left hand towards the surgeon.

The second hitch is started by holding 
the white strand between the left 
index finger and thumb and hooking 
the suture around the little finger of 
the left hand. The palm of the left 
hand is facing the surgeon.

10g 10h 10i

The One-Handed Knot Tying for Left-Handed Surgeons (Figure 10a-n): 

The purple strand is positioned by the 
left hand parallel to the white strand 
over the middle finger, ring finger and 
little finger.

The middle finger of the left hand 
hooks behind the white strand of the 
suture and pulls it under the purple 
suture end.

The white strand is let go by the 
thumb and index finger and picked 
back up under the purple strand by 
the left hand.

10j 10k 10l

The knot is tightened by pulling the 
white strand away from the surgeon 
with the left hand and the purple 
strand towards the surgeon with the 
right hand.

The end result: a square knot.

10m 10n
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5.2.3.3 Cutting the Sutures

The cutting of sutures is a task for the operating assistant. This task can only be performed well if the surgeon allows 
a good view of the sutures by pulling them slightly up and towards him. Sutures are cut with ligature scissors, which 
have short, curved blades with rounded tips. To avoid cutting the tissue, the scissors are held with the convex side to the 
patient. The joint of the scissors may be supported by the free hand, this increases stability and precision of cutting.

The length at which the sutures are cut depends on the tissue and the suture material concerned. Skin sutures are left 
long (1 to 2 cm) to facilitate their removal; all other sutures are cut short (2 to 5 mm). 

5.2.4 Interrupted Suture Patterns

Suture patterns are commonly divided into interrupted and continuous suture patterns and the pattern is chosen 
depending on the tissue and the personal preference of the surgeons. There is no significant difference between the 
reliability and strength between either continuous or interrupted suture patterns.

Figure 11a and 11b. Schematic drawing of a 
simple, interrupted suture pattern.

a

b

5.2.4.1 Simple Suture

A simple suture is made as follows:

• The needle and attached suture are inserted from  
 outside (skin) to inside (wound), through one wound  
 margin and then, from inside to outside, in the  
 opposing margin.
• Both suture ends are pulled together and the suture  
 is tied. 

There are no set measures for the distance of the sutures 
to the wound edge or to each other. Both distances depend 
on the type and firmness of the tissue, its thickness and 
the tension on the wound edges. However, neither of these 
distances should be smaller than the thickness of the tissue 
layer to be sutured (Figures 11a and 11b). 

Simple sutures are the most commonly used suture technique. 
The sutures are easy to place and lead to a good apposition of 
the wound edges, and therefore a good wound closure. As a 
rule of thumb, this technique can be used if there is no tension 
on the wound edges.



97

5 - SUTURE MATERIALS & SUTURE TECHNIQUES

5.2.4.2 Horizontal Mattress Suture

This suture is also referred to as a horizontal U-suture. 

• The suture starts as a simple suture. 
• After penetrating both wound edges, the needle and suture pass  
 through both wound edges again, but in opposite order   
 and direction. 
• The suture ends, which now lie at the same side of the wound,  
 are tightened and tied. This results in a knot on one   
 side of the wound and a suture loop on the other side, parallel to  
 the wound (Figure 12).

Horizontal mattress sutures are used in particular in the case of tension 
on the wound edges. By using horizontal mattress sutures, the tension 
is spread over a larger surface. The risk of tearing is thereby reduced and 
smaller than with simple sutures. The tension can be further decreased 
by placing more sutures, as the tension is divided over their total. The 
sutures are tightened so that the opposite wound edges just touch each 
other. Postoperative swelling of the wound will ensure proper closure 
of the wound. If the sutures are tied too tightly, this leads to wound 
edge eversion and possibly to ischemia and skin necrosis. This necrosis 
increases the risk of sutures tearing through the tissue.

Figure 12. Schematic drawing of 
an interrupted horizontal mattress 
suture pattern. 

In order to ensure a good circulation of the wound edges, subsequent sutures should not be placed too close together. 
The distance between individual sutures should be roughly the same as the width of the ‘U’s.

Interrupted horizontal mattress sutures can be used for the closure of skin, fascia and muscles. A specific indication is 
the closure of abdominal hernias, such as an umbilical hernia in larger animals. If such sutures are used for the closure 
of a small skin wound with much tension, the risk of tearing can be reduced by feeding the suture through short lengths 
of latex, plastic or rubber tubing at both sides of the wound: ‘horizontal mattress suture with tubing (stent or bolster) 
support’.

5.2.4.3 Vertical Mattress Suture

Vertical mattress sutures are used to close several tissue layers with one single suture. The theoretical advantage of this 
suture pattern is the possibility of removing the suture material from the deeper layers once the healing process is far 
enough advanced. In case of contaminated wounds, this would reduce the risk of abscesses and fistulas. However, this 
benefit has never been proven and it is doubtful whether it applies if modern, synthetic, absorbable suture material is 
used.

The suture is carried out as follows: 

• First, at a reasonable distance to the wound, both tissue layers (skin and muscle) are penetrated as with an   
 interrupted suture. 
• Needle and suture are then passed through the tissue in opposite direction at the same level, but nearer to the   
 wound and only through the superficial layer (skin). 
• The suture is tied (Figure 13a and 13b). 
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The knot is at one side of the wound and the suture loop on the other side, at right angles to the wound. The first, deep 
bite goes through skin and muscle while the second, superficial bite only goes through the skin. The suture is removed by 
cutting the suture loop and pulling at the knot. Both superficial and deep sutures are thus removed at the same time. If 
both tissue layers were to be sutured separately, suture material could remain in the deeper (muscle) layer for some time 
after removal of the superficial suture.

Vertical mattress sutures always lead to minor wound edge eversion, which means that the wound edges, especially 
of the skin, will turn a little up- and outwards. This leads to a poorer cosmetic result than with normal apposition 
(appositional closure) of the wound edges.

5.2.4.4 Cross-Stitch or Cruciate Suture 

This suture is also known as a figure-of-eight suture and can be  
compared to a double interrupted suture. 

• After penetrating both wound edges as in a simple  
 interrupted suture
• The suture ends are not tied, but a second stitch is placed  
 next to and in the same direction as the first. 
• Only after this second stitch are the suture ends tightened  
 and tied (Figure 14). 

The visible part of the suture looks like an ‘X’. Like mattress sutures, 
cross-stitch sutures can be used for closing wounds under tension as 
the pressure of the suture is spread over the 2 suture bites. 

Cross-stitch sutures, furthermore, result in a good apposition of the 
wound edges, since the chance of wound eversion is decreased by the 
sutures crossing over the wound. Scars from cross-stitches can be more 
obvious than those of simple interrupted sutures.

Figure 13a and 13b. Schematic drawing of an interrupted 
vertical mattress suture pattern.

a b

Figure 14. Schematic drawing of an 
interrupted cross-stitch or cruciate 
suture.
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5.2.5 Continuous Suture Patterns

The obvious advantage of continuous suture patterns compared to interrupted suture patterns is the speed of closure 
of the wound. Continuous suture patterns depend on only 2 knots on either side of the wound length. These two knots 
need extra careful attention while tying to prevent suture line loosening and wound dehiscence. There are no other major 
advantages between the two techniques, although a continuous suture line may have less risk of sutures being too tight.

5.2.5.1 Simple Continuous Suture Pattern

• After placing a simple interrupted suture and tying the knot, the   
 suture is continued with the long end of the suture. 
• The wound edges are penetrated in the same manner with each   
 stitch, i.e., from outside to inside through the first wound edge and  
 from inside to outside in the opposing wound edge. 
• Once the wound is closed over its entire length, the suture is tied  
 (Figure 15).

At the time of needle insertion, the already sutured part of the thread is 
kept relatively tight by an assistant to avoid unravelling.

The suture can be placed in two ways: 

• With the needle entry and exit points straight opposite each other
• With the needle entry and exit points at an angle 

In the first case, the non-visible parts of the suture are at right angles with 
the wound, while the externally visible parts cross the wounds at an angle 
of approximately 45°. In the second case, the visible parts are at straight 
angles with the wound and the non-visible parts at an angle of 45°. There 
are neither major differences nor benefits between the two techniques; 
preferences are a matter of taste.

Figure 15. Schematic drawing of a 
simple continuous suture pattern.

The ending knot of a continuous suture is tied differently than that of an interrupted one. Once the suture is finished, the 
needle is inserted as near as possible to the final bite at the same side of the incision. This final stitch is not tightened 
completely; a loop of a length of approximately 2 cm should remain. This loop is used during knotting as the short end of 
the suture; the knot is tied in the same manner as with an interrupted suture.

This suture is easy and rapid to perform and gives a good apposition of the wound edges. This technique is generally used 
for the closure of wounds under normal tension, and for suturing subcutaneous tissues, muscles and fascia. It does not 
really matter in what direction the suture is performed, although there is a difference. When suturing from left to right, 
the (right-handed) surgeon has a good view of the part that is already closed, but less so of the part still to be sutured; 
when suturing from right to left, the opposite applies. Closure from left to right makes it easier to keep a constant 
distance between the sutures as the finished part of the suture is in constant view (Figure 16a-zm).

Equal spacing only applies if the wound edges are of equal length. If the wound edges are different in length, the sutures 
at the longer side should have a larger distance in between them than those at the shorter side to allow perfect closure. 
The constant adjustment that is needed is easier to achieve if the surgeon has a good view of the part still to be sutured; 
in this situation, it is therefore easier to work from right to left. 
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Figure 16. A Simple Continuous Suture Pattern (16a-zm)

The suture is removed from the 
suture package using a needle holder.

The suture is grasped at the caudal 
part of the needle (swage) and pulled 
out gently from the package.

The needle is then repositioned in the 
beak of the needle holder. The beak 
should grasp the needle halfway the 
length of the needle curve.

16a 16b 16c

The needle is inserted into the 
tissue perpendicular to the skin, 
approximately 5-7 mm from the 
wound edge.

The needle is advanced as described 
in Figure 6.

A simple interrupted suture knot is 
tied as described in Figure 6, but only 
the short end of the suture is cut 
with the suture scissors.

16d 16e 16f

After placing the simple interrupted 
suture, the suture is continued with 
the long end of the suture.

In this example, both wound edges 
are penetrated by the needle in one 
single movement instead of two.

16g 16h

The needle holder is repositioned to 
the swage end of the needle and the 
needle is pushed through the tissue 
completely.

16i
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Figure 16. A Simple Continuous Suture Pattern (16a-zm)

The needle is then released and 
picked up near the needle point (tip) 
and pulled out of the tissue with a 
rotating (pronating) rotation of the 
wrist.

To avoid over pronating the wrist, 
the needle can be re-grasped in the 
middle part of the needle.

The needle and suture material and 
gently pulled out of the tissue.

16j 16k 16l

The entire suture is pulled through the 
tissue putting gentle traction on the 
suture line and the suture knot.

The needle is inserted again (as 
described before).

The needle is driven through the 
tissue.

16m 16n 16o

The needle is picked up on the other 
side.

The suture is pulled taut.

16p 16q

This procedure is repeated until the 
suture line covers the entire incision. 
To form the loop, the last bite is taken 
in a reversed pattern (from the same 
side the suture ended) to form a 
suture loop.

16r
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Figure 16. A Simple Continuous Suture Pattern (16a-zm)

The needle is pushed through the 
tissue in a reversed manner. This 
often takes an unnatural bending of 
the wrist (pronation).

The needle is picked up at the exit 
side of the last needle track (i.e., 
opposite to the loop).

The suture is pulled gently through 
the tissue.

16s 16t 16u

A small loop (with a length of 
approximately 2 cm) is left intact on 
the opposite side of the exit of the 
last bite.

The suture knot is tied similar to the 
interrupted suture. The closed needle 
holder is held parallel to the wound 
on the inside of the long suture end.

The long end of the suture is wound 
once around the closed beak of the 
needle holder. This procedure starts 
the first half hitch of the knot.

16v 16w 16x

The beak of the needle holder is 
opened, and the loop is grasped by the 
needle holder.

16y

One can either grasp the entire loop 
(as shown) or one leg of the suture 
loop.

16z

The loop is pulled through and pulled 
in the opposite direction of the long 
suture end.

16za
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Figure 16. A Simple Continuous Suture Pattern (16a-zm)

The beak of the needle holder is 
opened while pulling on the loop, 
guaranteeing equal traction on both 
loop ends.

The first hitch is pulled taut.

16zb16zc

The beak of the needle holder is 
removed from the loop, closed and 
placed parallel to the wound on the 
inside of the long suture end (the side 
facing the incision).

A close up of the beak of the needle 
holder positioned at the inside of the 
long suture end.

The long end of the suture is wound 
once around the closed beak of the 
needle holder and the beak to grasp 
the loop of the suture opposite to 
the long end of the suture.

16zd

16ze 16zf

The beak of the needle holder is 
closed (this time only holding one 
strand of the suture loop). 

The second half hitch is closed by 
pulling the loop to the surgeon’s side 
(right on picture) and the long end to 
the opposite side (left on picture).

16zg

16zh

Opening the beak of the needle holder 
will allow even tension on the loop 
ends and the formation of a square 
knot.

16zi

16zb

Pulling with even tension on the loop 
and on the long end of the suture 
will guarantee the best success and 
prevent forming a slipknot.

16zj
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Figure 16. A Simple Continuous Suture Pattern (16a-zm)

The suture knot is pulled taut. The general advice is to at least add 
another 2 half hitches (4-5 half 
hitches in total).

16zk 16zl

Both the loop end and the long 
end are cut at equal distances 
(approximately 1-2 cm from the knot) 
by a suture scissors.

16zm

5.2.5.2 Lock-Stitch Suture, Continuous Suture After 
Reverdin, or Feston Suture

This suture is a modified version of the simple continuous suture. However, 
after every bite, the emerging needle and suture are fed through the loop of 
the previous stitch (Figure 17). Only then is the suture pulled taught, forming 
a self-locking pattern by locking the suture in the loop. If the first loop is 
twisted over 180° before feeding the needle and suture through, the self-
locking mechanism is even stronger. 

The lock-stitch suture prevents slipping of the suture during suturing and 
thereby prevents loosening of the entire suture. Surgeons can use this suture 
pattern when there is no assistant to pull the suture taut, or whenever it is 
undesirable that a continuous suture loosens during suturing. The lock-stitch 
suture is often used in general practice for closing the skin of abdominal flank 
operations in cattle (Cesarean section, abomasal displacement). Figure 17. Schematic drawing of 

a lock-stitch suture, continuous 
suture after Reverdin, or Feston 
suture pattern.
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5.2.5.4 Continuous Subcutaneous or Subcuticular Suture

The skin (cutis) consists of a superficial epithelial layer (epidermis) and a deeper layer of connective tissue (dermis). 
Underneath these layers lies loose, subcutaneous, fatty tissue. The continuous subcutaneous (or subcuticular) suture 
is placed just beneath the skin in the subdermal fatty tissue (Figure 19a). The skin edges are thereby appositioned so 
closely that it is not necessary to place separate skin sutures. The advantages of this suture are the highly cosmetic effect, 
the lack of need to remove the skin sutures and the avoidance of premature skin suture removal by biting or licking. This 
technique is more challenging for the surgeon, however, and when applied incorrectly will not give a good cosmetic result.

• The suture starts with a simple knot, which is placed a little deeper than the rest of the suture in the    
 subcutaneous tissue. The risk that the suture ends will stick out of the wound edges after skin closure    
 is thereby reduced. This risk can be further reduced by placing the first suture inverted or ‘upside-down’ (in a   
 deep-superficial-superficial-deep pattern). This is achieved by inserting the needle from bottom to top in one   
 side of the wound and from top to bottom in the opposite side. If the suture is cut after tying the knot, the   
 short end will point downwards instead of up (Figure 19b). 
• After the first stitch, the needle is inserted again in the  subcutaneous tissue, but this time superficially (just   
 below the skin).
• The suture is continued by inserting the needle and suture in the  subcutaneous tissue parallel to the wound,   
 alternately in one and the other side (Figure 19a). The needle should pass through the tissue with ease; if   
 a resistance is felt, the dermis/cutis layer has probably been accidentally perforated, and the needle should be   
 repositioned in the appropriate layer. 
• When crossing to the other side, a ‘swallow-tail pattern’ is made:  the stitch does not cross straight over, but the  
 needle is inserted a little backwards of the suture exit point in the opposite side. The tension created by   
 tightening the suture causes the suture entrance and exit points to be joined. When the cross over is straight,   
 these points are slightly displaced and small openings are created in the suture pattern.

5.2.5.3 Continuous Mattress Suture

This suture, also known as the ‘zigzag’ suture, is the continuous version of 
the interrupted horizontal mattress suture (Figure 18). All stitches are made 
at right angles to the wound, and every bite goes in the opposite direction 
of the previous one. In the end, the visible parts of the suture run parallel to 
the wound, while the non-visible parts are at perpendicular angles to it. This 
continuous suture leads to a certain degree of wound eversion but is still used 
occasionally for closure of the skin, in particular in cattle.

Figure 18. Schematic drawing 
of a continuous mattress 
suture pattern.
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Figure 19c. Schematic drawing of an inverted ending of a 
subcuticular suture pattern.

Figure 19b. Schematic drawing of an 
inverted suture technique.

Figure 19a. Schematic 
drawing of a continuous 
subcutaneous or subcuticular 
suture pattern.

The ending of the suture is very similar to its beginning:

• The second-but-last bite is placed superficial to deep and exist in the  
 center of deeper subcutis of the wound.
• The one-but-last bite is placed from deep to superficial and exits  close to  
 the tip of the wound on one side; a small loop is preserved here. 
• The last bite is then placed once again superficial to deep starting in the  
 opposite wound edge and ending in the subcutaneous tissue next to the  
 second-but-last suture loop. This procedure is only possible if the  
 previous stitches/bites are not pulled too tight (Figure 19c). 
• The suture is tied, and the ends are pulled parallel to the wound, allowing  
 the knot to slip to the deep.
• Once the suture is tied, the loop is cut short. The needle and the long  
 end of the suture are inserted from deep (bottom of the incision) to  
 superficial through the skin, so that the needle emerges just cranial to  
 the wound.
• The suture is pulled taut and the suture is cut close to the skin, so that  
 the cut end disappears back into the  tissue. 
• Alternatively, the final knot can be tied to a long end of the subcutaneous  
 suture.

The end result is a completely closed incision without suture parts sticking out.
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Figure 21. Schematic drawing of 
a continuous ‘far-far-near-near’ 
suture pattern.

The continuous version follows the ‘far-far-near-near’ pattern:

• The suture starts as a normal continuous suture. 
• After tying the first knot, the suture continues by first inserting  
 the needle far to one side of the wound edge. The wound is   
 crossed straight and the needle re-emerges at the opposite side,  
 far to the other side of the wound edge. 
• The wound is now crossed at an angle and the needle is reinserted  
 near to the first wound edge and emerges on the other side near   
 to the edge.

This pattern is continued until the suture is completed (Figure 21).

5.2.5.5 Far-Near Patterns

Both with interrupted and continuous sutures, the tissue bites are placed at equal distance to the wound. If the suture is 
used for wound closure of tissues such as fascia or muscle aponeurosis, with a certain amount of tension on the wound, 
there is a considerable risk that the wound will tear after suturing. In this case, not only one or several sutures will tear, 
but the entire wound with the suture material may tear along the insertion points of the sutures (like tearing paper along 
a perforated line). Placing the stitches at varying distances to the incision will prevent this type of tearing. The technique 
can use interrupted and continuous suture patterns. 

Figure 20a and 20b. Schematic 
drawing of an interrupted 
the ‘far-near-near-far’ suture 
pattern.

The interrupted version of such a suture is 
placed according to the ‘far-near-near-far’ 
pattern:

• First, the needle is inserted far  
 to one side of the wound edge  
 and re-emerges in the opposite  
 side near to the wound edge. 
• In the same vertical plane,   
 the needle is inserted again in  
 the first wound edge, but now  
 near to the edge, to re-emerge far  
 in the opposite wound edge. 
• Both suture ends are tightened  
 and tied (Figures 20a and 20b).

a b
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5.2.6 Specific Sutures For Hollow Organs

When suturing hollow organs, there are two important things to consider:
• Leakage should be avoided
• The lumen should not be reduced to such a degree that it hinders the passage of the content (stenosis) 

Leakage may have very serious consequences as the content of hollow organs is not sterile. This applies to the gut, but also 
to the diseased stomach, the urinary bladder and the gall bladder, which often may have contaminated contents. 

Leakage of a suture line depends on various factors: 

• The general condition of the patient
• The condition of the tissue
• The suture technique used
• The suture material of choice 

The surgeon influences most of these factors.

As for the suture technique, it is important to choose between a single and a double seam. Double seams (two-layer 
closure) reduce the lumen to a greater extent than a single seam and are mainly used in organs with a large lumen. The size 
of the lumen depends on the organ and on the species concerned. A reduction of the lumen could have a particular impact 
if the organ concerned is small to start with, such as the intestines of a cat. A double seam in the intestines of a cat or dog 
leads to a substantial reduction of the lumen, but less so in the stomach. In the horse, the intestinal diameter is so large 
that a double seam poses no hindrance to the passage of ingesta. 

A second important aspect concerns the layers that are perforated by the suture. By 1887, it had already been proven that 
the submucosa is the strongest layer of the intestine (“A suture of this coat is much stronger than a shred of the entire 
thickness of the serosa and muscularis”). The other layers (serosa, muscularis and mucosa) contribute to the strength of 
the seam to a much lesser extent. This has led to the basic principle that the submucosal layer should always be included 
in intestinal sutures. In most single-layer techniques, both the submucosa and the mucosa are included. In double-layer 
techniques, the submucosa is included in the first layer but not in the second.

If the mucosa is included in the single-layer technique, there is – in theory – an open connection with the lumen; in 
practice, the implications are questionable. The incision itself is also an open connection and will not become watertight 
immediately after suturing. The seam is in the beginning sealed mainly by fibrin clotting in the wound. If this fibrin seal is 
insufficient (e.g., patients in poor general condition), even a perfectly sutured seam may leak.

When choosing the suture material, two factors play a role: the chemical composition and the structure. In intestinal 
sutures, absorbable material is preferred. Regarding the structure, monofilament suture material (such as Monocryl®) 
is to be preferred over braided material (such as Vicryl®). Nonabsorbable braided material has the disadvantage that it 
may be colonized by bacteria. In an intestinal suture, this could lead to the migration of intestinal micro-organisms to the 
abdominal cavity. The risk is reduced when multifilament absorbable sutures are used, as these are not easily colonized. 
This is partly caused because the core of many of the resorbable suture materials contains a bacteriostatic concentration 
of polyglycolic acid released by hydrolysis. 

However, in spite of this reduced risk of multifilament absorbable suture material, most surgeons will prefer monofilament 
absorbable suture material. The diameter of the suture also plays a role, as it determines the size of the needle path. 
Depending on the species, relatively thin material is chosen, ranging from 4-0 (dog, cat) to 2-0 (horse, cattle).
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5.2.6.2 The Crushing Technique

With this technique, the sutures are placed in the same manner as 
with the simple interrupted approximating sutures. However, when 
tying, the sutures are pulled so tightly that they ‘cut’ through both 
the serosa and the muscularis (Figure 22). The suture thereby 
only remains attached to the submucosa; the only layer involved 
in the suture. Poth and Gold introduced the technique in 1968 
with the idea that the circulation of the intestinal wall would be 
less disrupted if the sutures encompassed less tissue. However, no 
research undertaken so far has been able to support this theory. 

The advantages of appositional sutures are that they do not reduce 
the lumen size, and they allow good wound healing due to the 
correct anatomical reconstruction with a minimal inflammatory 
reaction and therefore scar tissue formation. The crushing suture is 
suggested to cause more inflammation than the appositional suture. 
When an appositional closure is chosen, the individual sutures 
should be placed with the utmost care to reduce the risk of leakage.

Figure 22. Schematic drawing of a 
crushing suture.

5.2.6.1 The Simple Interrupted Approximating Technique

This is a simple interrupted suture pattern where the sutures are tightened in such a manner that the wound edges 
are appositioned without tension or compression. This suture is used for longitudinal incisions (e.g., enterotomy) and 
intestinal resections (end-to-end anastomoses). With this suture, the wound edges have a tendency to evert (eversion). 
Often, the mucosa of the wound edges protrudes through the sutures. If this is not corrected, the mucosa remains visible 
on the outside of the closed suture. This can be avoided by having an assistant pushing the mucosa back inwards during 
the tightening of the suture using curved artery forceps, such as mosquito forceps. In this way, a seam is created where 
the various layers of the intestinal wall (serosa, muscularis, mucosa) are appositioned without inversion or eversion. The 
protrusion of mucosa does not delay wound healing of intestines per se, so many surgeons will not perform the above-
described technique.

This minimal compression technique is called an appositional (or approximating) suture technique and is considered 
to be the gold standard for intestinal suturing, resulting in the best anatomical reconstruction. The technique was 
introduced in 1974 by DeHoff and remains the most commonly used method in companion animals. 
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5.2.6.4 The Schmieden Suture Pattern

The Schmieden suture is a continuous perforating suture where the needle 
always passes through the wound edges from the mucosa to the serosa. 
The suture therefore passes through all layers of, for example, the intestinal 
wall: mucosa-muscularis-serosa. When the suture is tightened, the mucosa 
of one wound edge is always pulled on top of the serosa of the opposite 
side (Figure 24). This prevents both wound inversion and eversion. The 
lumen is hardly reduced at all. The Schmieden suture can be placed easily 
and fast.

Figure 23a. Schematic drawing of a Gambee 
suture pattern.

Figure 23b. Schematic drawing of a modified 
Gambee suture pattern. 

Figure 24. Schematic drawing 
of a Schmieden suture pattern.

5.2.6.3 The (Modified) Gambee Suture

The Gambee suture pattern has been used to create an appositional intestinal suture line. The advantage is that it 
prevents mucosa from prolapsing in between sutures and creating an approximating pattern ideal for intestinal surgery.
The Gambee suture is performed by

• Taking a bite approximately 5 mm from the cut edge of the intestine and passing through and through into  
 the lumen.
• The next bite is on the same side entering the lumen and exiting in the cut edge just above the mucosa.
• The needle is now inserted directly opposite in the other cut edge and exits into the lumen of the bowel.
• The last bite is from the lumen of the bowel through all layers on this opposite site (from where you started).
• The suture is tied on the serosal surface (Figure 23a).

The modified Gambee suture starts with the same first step, perforating all layers from serosa to lumen. The second 
step is that the needle is passed through the lumen of the opposite side to above the mucosa of the opposite site and 
immediately inserted above the mucosa of the cut edge of the first side exiting in the lumen of the first side. The last 
step is the penetration of the lumen of the opposite site through all layers ending on the serosal surface of the opposite 
site (Figure 23b). The main advantage of the modification is that it is easier and thus faster to perform. 
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5.2.6.5 The Lembert Suture Pattern

The Lembert suture is often used as a second layer of a double seam (double-layer closure). It is a non-perforating 
(seromuscular) suture, which can be either interrupted (Figures 25a and 25b) or continuous (Figure 26). The suture is 
performed as follows: 

• Starting at one wound edge, the needle is inserted in (for instance) the intestinal wall, through the serosa  
 and muscularis into the submucosa and then back out again through the muscularis and serosa. The direction  
 of insertion is at right angles with the wound. This means that the needle is inserted a little further from the  
 wound edge and emerges nearer to the wound. 
• The needle is inserted in a similar way in the opposite side, starting nearer the wound edge and re-emerging a  
 little further away. 
• The suture ends are tightened and tied.
• The suture line is continued either in an interrupted or continuous manner.

When tightening the sutures, the wound edges inverse (serosa against serosa) over a distance determined by the 
distance between the wound and the outer stitches of the suture. Wound inversion causes an internal tissue ridge that 
reduces the lumen. The degree of lumen reduction depends on the amount of tissue inverted. This in turn depends on 
the distance between the bites and the wound edge. The degree of lumen obstruction depends on the degree of inversion 
and the normal lumen size of the intestine.

A certain amount of inversion in the small intestine of a smaller animal (dog, cat) may have serious consequences for the 
passage of ingesta, while the same amount of inversion in the large intestines of a horse may have none at all.

Figure 25b. Schematic drawing of a Lembert suture 
at cross-section.

Figure 25a. Schematic drawing 
of a Lembert suture. 

Figure 26. Schematic drawing 
of a continuous Lembert suture 
pattern.
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5.2.6.6 The Cushing Suture Pattern

The Cushing suture is a continuous, non-penetrating, and therefore 
seromuscular suture (Figure 27). This suture is also often used as a second 
layer in a double seam. The needle is passed through the intestinal wall at each 
stitch and, as in the Lembert suture, through the serosa and muscularis into 
the submucosa, and then back out again through the muscularis and serosa. 
However, here the stitches are placed parallel to the wound (as opposed to 
perpendicular in the Lembert suture) (Figure 26). After every stitch, the 
needle crosses to the other side for the next stitch. The Cushing suture also 
causes inversion of the wound edges. The closer the stitches are placed to the 
wound edge, the less the degree of inversion, and therefore the less the degree 
of lumen reduction.

Figure 27. Schematic drawing of 
a Cushing suture pattern.

5.2.6.7 Uterine Suture Pattern (Utrecht Method)

For the closure of an incision in the uterus (Cesarean section), a specific 
suture technique has been developed: the Utrecht method. The suture can 
be considered as a modified Cushing suture (Figure 28). It is a continuous 
seromuscular suture, whereby perforation of the endometrium should 
be avoided. If the suture is placed correctly, both wound edges are well 
appositioned, while there is little inversion of the wound edges.

In a Cesarean section of a cow, the suture is placed as follows: 

• Approximately 2 cm above the upper wound angle, the needle is   
 inserted through the uterine wall (serosa – muscularis – serosa), after  
 which it emerges some 2 cm to the left of the insertion point. 
• The needle is then inserted about 2 cm to the right of the initial point  
 of insertion, to emerge at or near the starting point. 
• When the knot is tied, the wound edges inverse in such a way that the  
 knot is embedded.
• At 1.5 cm from the wound margin, the needle is then inserted into  
 the uterine wall at an angle of 30-45° to the incision and emerges  
 close to the wound margin. This stitch is repeated on the other side  
 of the incision, whereby the insertion point is approximately 1/3   
 stitch more caudal than the exit point of the previous stitch.
• These stitches are repeated until the lower incision point is reached.
• The suture is closed in a similar way in which it began, so that the  
 final knot and both wound margins are embedded.

Figure 28. Schematic drawing 
of the Utrecht suture pattern.

5.2.6.8 Single or Double Suture Layer

The closure of incisions in the wall of the digestive tract or of an anastomosis following intestinal resection should be 
carried out with care. Leakage at the seam, causing non-sterile intestinal content to leak into the abdomen, may lead to 
septic peritonitis, with a potentially fatal outcome.
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Figure 30a. Schematic drawing of the first layer of a 
Parker-Kerr suture pattern.

5 - SUTURE MATERIALS & SUTURE TECHNIQUES

Depending on the size of the intestines, many surgeons will therefore prefer to close gastro-intestinal wounds with a 
double suture layer; in other words, after the first layer wound closure, a second suture line is placed on top. Often, a 
different suture technique is used for the second layer than for the first. This means that there are many different ways 
to close an incision of the digestive tract. The method used depends on the species and the part of the digestive tract 
concerned, which determines the diameter of the digestive tube at incision level. The personal preference of the surgeon 
will also play a role.

If an intestinal wall is closed in two layers, the second layer is always a non-perforating (serosa and muscular layers) and 
inverting suture pattern. A Lembert or Cushing suture may be used, for instance. The first layer should always include the 
submucosa; usually a continuous suture is chosen for its speed. 

When a second (inverting) suture layer is used, the final amount of inverted tissue will be bigger than when a single 
non-perforating suture (one-layer closure) is used. This is because the second layer will completely invert the first suture 
layer. A double suture layer therefore has an even bigger impact on the local intestinal lumen than a single layer, even if 
they are of inverting sutures (Figure 29). This is why a Cushing suture is often preferred as a second layer, as this leads 
to less inversion than the Lembert suture.

• Prior to the actual intestinal resection, the intestinal  
 lumen is clamped at the incision site using two  
 intestinal forceps. Different kinds of intestinal  
 forceps may be used, but straight intestinal forceps  
 should be placed on the part that will be preserved  
 (closed). The intestine is transected alongside these  
 forceps. 
• A Cushing suture is placed across the forceps   
 without a knot at the start or end (Figure 30a).  
 Once the suture is placed over the entire length, the  
 forceps are carefully removed, while pushing the  
 wound margins inward and pulling on the opposite  
 ends of the suture. This will cause the wound edges  
 to invert and the wound to close. 

5.2.6.9 Parker-Kerr Suture

After intestinal resection, the open ends of the digestive tube sometimes need to be closed. This is done, for example, 
when performing a side-to-side anastomosis. For the closure of the open ends, traditional suture methods may be used 
as well as the Parker-Kerr suture pattern specifically designed for this purpose.

Figure 29a. Lumen decrease of a double versus 
single layer closure of a dog jejunum.

Figure 29b. Microscopic image of lumen decrease 
of a double versus single layer closure of a dog 
jejunum.

a b
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5.2.7.0 Non-Perforating Purse-String Suture

A non-perforating purse-string suture, also known as the ‘tobacco pouch suture’, is mainly used for the closure of small 
openings in the wall of hollow organs. These mainly concern holes caused by puncturing the organs, e.g., for the removal 
of excessive gas or fluid. If the puncture is carried out by a thin needle (compared to the wall thickness) at an angle (i.e., 
not perpendicular) to the intestinal wall, the opening will close once the needle is withdrawn. In this case, the risk of 
leakage is very small. However, if a relatively thick needle is used or a stab incision, it is preferable to close the puncture 
opening using a purse-string suture.

The suture is a continuous suture that consists of several non-perforating (sero-muscular) stitches placed in a circular 
manner and ends near its beginning (Figure 31). After completing placing the suture in a circular fashion, the suture 
ends are tightened and tied. The puncture opening is closed effectively while the wound margins will invert due to the 
sero-muscular stitches. No second layer is needed. In companion animals, this suture pattern is commonly used to 
temporarily close the anus, during perianal surgery or after a prolapse of the rectum.

5.3 References and Further Reading

1. Boothe, H.W. (2012). Instrument and Tissue Handling 
Techniques. In Tobias, K.M. & Johnston, S.A. (eds.), 
Veterinary Surgery Small Animal (St Louis: Elsevier), vol. 2, 
pp. 201–13).

2. MacPhail, C.M. (2013). Surgical instrumentation. In 
Fossum, T.W., Dewey, C.W., Horn, C.V. et al. (eds.), Small 
Animal Surgery, 4th ed. (St. Louis, Missouri: Elsevier 
Mosby).

3. Schmiedt, C.W. (2012). Suture Material, Tissue Staplers, 
Ligation Devices, and Closure Methods. In Tobias, K.M. & 
Johnston, S.A. (eds.), Veterinary Surgery Small Animal (St 
Louis: Elsevier), vol. 2, pp. 187–200.

Figure 31. Schematic drawing of a purse-string 
suture pattern. 

Figure 30b. Schematic drawing of the 
second layer of a Parker-Kerr suture pattern.

• With the suture end containing the needle, a second   
 suture layer is placed, either a Cushing or a Lembert   
 suture (Figure 30b). This second suture layer will   
 proceed in the opposite direction of the first. The   
 suture is finished by tying the two suture ends.

The Parker-Kerr suture pattern provides a good closure of 
the intestinal incision. During suturing, the risk of bacterial 
contamination from the intestinal lumen is minimal, as the 
intestines are kept closed and the leakage of intestinal content is 
avoided.
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6.1 Surgical Infections 

6.1.1 Introduction

Infection of a wound following a surgical intervention is a serious complication and may cause failure of the procedure.  
In addition, the healing time may be prolonged, and the wound may break down (dehiscence). The chance of infection 
is increased when implants (such as orthopedic hardware or hernia repair mesh) are used in the procedure and the 
subsequent infection can lead to rejection of the implant. Wound infection in the presence of implants is in general 
difficult to treat. 

Wound infections contribute to an exacerbation of the local inflammation (pain, redness and swelling) associated with 
the primary surgery and may cause systemic illness (fever, anorexia and lethargy).  On occasion, generalized infection can 
lead to septic shock affecting the function of the vital organs: liver, kidneys, heart and lungs and this may even lead to 
death. Animals with decreased immunocompetence are particularly vulnerable.

6.1.2 Causes of Surgical Infections

The cause of wound infection is contamination of the tissues in and around the wound surface by micro-organisms. Every 
surgical procedure is inevitably associated with a certain degree of contamination but in most circumstances, this does 
not result in wound infection.  A surgical infection occurs when the micro-organisms establish themselves in the tissues 
and start to multiply, usually 4-6 hours after contamination; there will be a concurrent response to colonization by the 
animal’s immune system.  The colonization of the tissues can result in local cell damage, inflammation and the presence 
of a purulent exudate (degenerate leukocytes with bacteria that have been phagocytized).

The likelihood of developing a surgical infection depends on the level of contamination with micro-organisms (>105 
organisms per gram of tissue), the pathogenic characteristics of the micro-organisms and their virulence. Additionally, 
other factors play an important role including the wound (local), the patient (systemic) and the circumstances during 
the surgical procedure. Local conditions in the wound increase the chance of infection if these conditions create an 
environment that is favorable to the growth of micro-organisms and unfavorable to the immune response. The presence 
of damaged or necrotic tissue, foreign objects, and cavities filled with serous fluid or blood (seroma, hematoma), dead 
space, and a reduced blood (oxygen) supply will all contribute to favorable conditions for colonization of the tissues. 
Patient-related factors that increase the chance of infection include very young or old age, poor body condition (due to 
malnutrition), hypothermia, obesity, the presence of infection elsewhere in the body and metabolic disorders. Because 
of their incomplete immunological response, young and old animals are predisposed to infection. Additionally, other 
disorders, such as hyperadrenocorticism, diabetes mellitus, tumors or other illnesses that result in protein loss through 
the urine or the bowels, may cause slow wound healing with an increased potential for wound infection. Other factors 
that play a significant role include previous immunosuppressive treatments (corticosteroids, chemotherapy, and 
radiation therapy), long-term hospitalization, previous therapies with antibiotics, the use of propofol during anesthesia, 
and the length of time required for the operation. 

6.1.3 Classification of Surgical Wounds and Infections

Surgical wounds are categorized by the degree of contamination and this allows a prediction to be made regarding the 
likelihood of post-operative infection. Additionally, by using such a system, it is possible to compare infections between 
various procedures and clinics (Table 1).
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In general, approximately 3-5% of wounds are or become infected after an operation.  Clean wounds (Category I) are 
reported to have an infection percentage of 0 to 4.4% (Figure 1).  Operations with extensive tissue damage caused 
during the surgery or with the use of implants introducing foreign material in the wound have the highest risk of 
infection. In Category II clean-contaminated wounds, the average chance of wound infection lies between 5 and 10%.  
Category III contaminated wounds fall into the 6 to 30% chance group, and Category IV dirty wounds have the greatest 
chance of infection (>30 %; Figure 2a and 2b).

Table 1: Classification of Surgical Wounds

Category I Clean Wounds
• Surgical, nontraumatic wounds not involving the respiratory, oropharyngeal, gastrointestinal or urogenital   
 organs and with no inflammatory processes. No breach in aseptic technique.

Category II Clean-Contaminated Wounds
• Surgical wounds where respiratory, oropharyngeal, gastrointestinal or urogenital organs are entered without   
 spillage of contents (no unusual contamination)
• Clean wound in which a drain is placed 
• Small breach of the aseptic technique (e.g., perforation of a surgical glove)

Category III Contaminated Wounds
• Clean traumatic wounds < 4-6 hours old 
• Inflammatory processes without purulent exudate 
• Wounds with contamination by contents of gastrointestinal organs or infected urine 
• Serious iatrogenic breach of the aseptic technique

Category IV Dirty Wounds
• Any traumatic wound > 4-6 hours old
• Inflammatory processes with purulent exudate or necrotic tissue 
• Perforation of the gastrointestinal organs or infected urogenital organs 
• Serious fecal contamination

Figure 1. A clean wound is created by 
excising a tumor under aseptic surgical 
circumstances.

Figure 2. A dirty wound on the hind leg of a dog before (2a) and after 
surgical debridement (2b).

a b
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6.2 Antimicrobial Prophylaxis 

6.2.1 Introduction

Since the discovery of penicillin, the use of antimicrobial therapy has made great advances, and this has led to the 
prevention and cure of potentially fatal infections.  However, the widespread use of antibiotics has also allowed the 
development of (multidrug) resistance, which allows the proliferation of bacteria in the presence of antimicrobial agents.  
Undesirable side effects of antibiotics in the patient may cause further complications and could result in extra costs for the 
owner.  It is important to know when to use antibiotics and they should be employed in a responsible manner: by selecting 
the correct antibiotic and administering it via the appropriate route at the prescribed dosage for the correct length of 
time.  

Although antimicrobial substances play an important role in the prevention and treatment of surgical infections, good 
surgical technique remains the most important objective with strict adherence to proper aseptic techniques, thereby 
minimizing contamination by pathogens. Measures must also be taken to limit other risk factors as much as possible to 
improve the condition of the patient.  Successful surgery depends on an atraumatic surgical technique and minimizing the 
duration of anesthesia.  Mistakes in the basic surgical approach can and should never be corrected by antibiotics!

6.2.2 Mechanisms of Action of Antibiotics

6.2.2.1 Introduction

Antibiotics are called bacteriostatic when they inhibit bacterial growth and bactericidal when they are able to kill bacteria. 
Antibiotics are often classified according to the mechanism by which they work.  In general, the effect of an antibiotic is to 
inhibit or damage the micro-organism by affecting either the bacterial cell membrane, the protein synthesis, or the DNA in 
the bacteria.  The antibiotics most frequently used in veterinary surgical procedures are discussed below.

6.2.2.2 Antibiotics Effective by Destruction or Modification of the (Bacterial) Cell Wall

ß-lactam Ring Antibiotics  
(Penicillins, Cephalosporins, Carbapenems, Monobactams), Vancomycin, Bacitracin, and Polymyxin.

ß-lactam antibiotics are usually bactericidal. Penicillins (amoxicillin, ampicillin) are effective against Gram positive aerobes, 
and effective against Gram positive as well as Gram negative anaerobes, but become deactivated by some bacterial 
ß-lactamases. In combination with penicillinase-blockers (such as the combination of amoxicillin with clavulanate 
potassium or clavulanic acid) the working spectrum can be enhanced. Cephalosporins are in general, in addition to 
their effect on Gram positive bacteria, also effective against Gram negative bacteria (Enterobacteriaceae). They are also 
deactivated through bacterial ß-lactamases. The majority of cephalosporins are not effective against anaerobes (with the 
exception of cefoxitin and cefotetan).

The first generation of cephalosporins (e.g., cephalexin) is effective against most Gram positive and a number of Gram 
negative bacteria. The second generation has increased activity against Gram negative rods and a number of anaerobes 
compared to the first generation. The third generation of cephalosporins is very effective against Gram negative 
bacteria, but less effective against Gram positive than the first generation. Cefepime is a unique cephalosporin from 
the fourth generation.  Because of its broad spectrum, it is effective against Gram positive coccus spp., Gram negative 
Enterobacteriaceae and Pseudomonas aeruginosa.
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Imipenem (a carbapenem) and aztreonam (a synthetic monobactam) are more recently introduced ß-lactam antibiotics 
that are highly resistant against bacterial ß-lactamases. Imipenem has a broad antibacterial spectrum but is not effective 
against methicillin-resistant Staphylococcus spp. Aztreonam is highly effective against aerobic gram-negatives but has 
little activity against Gram positive bacteria and anaerobes. These newer drugs should only be used for treatment of 
multiresistant bacteria in severely compromised animals. Both drugs are not nephrotoxic. The use of vancomycine in 
veterinary medicine is often voluntarily restricted because it is a critically important drug and is widely used in human 
medicine in methicillin-resistant Staphylococcus spp. 

6.2.2.3 Antibiotics That Reduce Protein Synthesis

Chloramphenicol, Tetracyclines, Erythromycin, Clindamycin
These antibiotics show reversible binding to bacterial ribosomes causing reversible inhibition of protein synthesis. 
Even small amounts of residual chloramphenicol can lead to fatal anemia in humans and therefore is only indicated 
for veterinary use in companion animals (dogs and cats) for very specific disease conditions (mainly ophthalmologic 
conditions). Chloramphenicol has a broad spectrum, for example, against Streptococcus, Staphylococcus, Brucella, 
Pasteurella species and anaerobes. It has a poor efficacy against Pseudomonas spp. 

Tetracyclines are effective against many Gram positive and Gram-negative bacteria, Chlamydia spp., Rickettsia, 
spirochetes, Mycoplasma spp. and a number of protozoan infections. In young animals, the use of tetracyclines is 
discouraged. Because tetracyclines bind to calcium, teeth can become discolored and aberrations may occur in the 
growth of the skeleton.

Clindamycin is active against Gram positive pathogens and very effective against anaerobes. Its use is very effective in 
animals with osteomyelitis caused by Staphylococcus spp., but it is ineffective against Gram negative bacteria.

Aminoglycosides (Gentamicin, Neomycin, Amikamycin, Kanamycin, Tobramycin)
These antibiotics irreversibly bind to bacterial ribosomes (permanent disruption of protein synthesis) and are 
bactericidal. Aminoglycosides effectively work against infections with Gram negative and Gram positive pathogens and 
have a synergistic effect in combination with ß-lactam antibiotics. Anaerobes are resistant to aminoglycosides because 
they lack the receptor needed for intercellular transport.

Aminoglycosides are poorly absorbed from the gastrointestinal tract. Therefore, oral administration is effective only 
for the gastrointestinal tract, and for this reason aminoglycosides are usually not administered per os. It appears that 
the efficacy of aminoglycosides is more closely related to the maximum concentration than the amount of time present 
at the location of the infection. Thus, it is preferable to opt for a single high dosage (for example, once daily) than a 
more frequent lower dosage. Notorious side effects of aminoglycosides are nephrotoxicity and ototoxicity. In patients 
with kidney disorders or in cases of serious dehydration (decreased renal perfusion), one should not opt to administer 
aminoglycosides because of the increased risk of renal failure. 
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6.2.2.4 Reduction in DNA Synthesis or Destruction of Bacterial DNA

Fluoroquinolones (Enrofloxacin, Difloxacin, Ofloxacin, Ciprofloxacin, Marbofloxacin, Pradofloxacin) 
This group of antibiotics deactivates DNA gyrase, whereby both DNA strings during their replication and transcription to 
mRNA cannot unwind themselves. Fluoroquinolones work quickly as a bactericide and are effective against infections in the 
soft tissues, the urinary tract, lungs and bony structures caused by Gram negative organisms or staphylococci (less effective 
against other Gram positive cocci). Likewise, they are effective against Rickettsia. Although initially it was assumed that 
resistance to fluroquinolones would not appear quickly, resistance already has been demonstrated in cases of Pseudomonas 
spp., Escherichia coli, streptococci and staphylococci. Despite the broad spectrum it has against the most important 
pathogens, it is wise to reserve medications from this group for patients with infections for whom other antibiotics have 
become ineffective. In growing animals, fluoroquinolones can damage cartilage in the joints. A synergistic working spectrum 
is described of quinolones in combination with amoxicillin/clavulanic acid.

Trimethoprim-Sulphonamide Combinations (TMPS)
TMPS combinations are effective in the treatment of osteomyelitis, prostatitis, pneumonia, pyoderma and urinary tract 
infections. These combinations are bactericidal because they inhibit a number of steps in folic acid synthesis. Through 
the use of the combination of trimethoprim and a sulphonamide, resistance arises less quickly. The spectrum is broad 
and varies from streptococci to Nocardia spp. The combination has relatively little efficacy against anaerobes and none 
against Pseudomonas spp. Detrimental consequences can occur as the result of development of keratoconjunctivitis sicca, 
bone marrow depression (anemia, thrombocytopenia) and oversensitivity reactions (arthritis, vasculitis). Some dog breeds 
(such as the Doberman and Rottweiler) have extra sensitivity for these side effects. The activity of TMPS in a purulent 
environment is poor. In humans and companion animals the combination trimethoprim-sulfamethoxazole is most commonly 
used. For other species products with other sulphonamides (e.g., sulfadiazine) are available.

Metronidazol
Metronidazol causes destruction of bacterial DNA through the formation of free radicals. Side effects that can occasionally 
occur include vomiting, anorexia and, depending on the dosage, symptoms affecting the central nervous system (ataxia, 
nystagmus). Metronidazol has a favorable bactericidal effect against anaerobes and a number of protozoan infections.

6.2.3 Application of Antibiotics

Antimicrobial prophylaxis is usually defined as the use of antibiotics at the time of surgery to decrease the number of 
microorganisms to a level that the host defense mechanisms can effectively eradicate to prevent an established surgical site 
infection. In order to obtain an adequate antimicrobial prophylaxis during an operation, sufficient high levels of antibiotics 
must be present at the surgical site during the time of contamination. For this reason, it is preferable to intravenously 
administer the antibiotic shortly before the commencement of the operation (30-60 minutes before the incision). Some 
antibiotics, however, reach a sufficiently high content quickly after intramuscular administration. Local prophylaxis is not 
advised because of possible tissue irritation at the site of the wound and because more reliable effective antibiotic plasma 
levels are obtained after intravenous administration. After an operation, it is not necessary that tissue levels of antibiotic 
in the body remain high; usually a few hours are sufficient, unless there is a good reason to continue (as in the case of 
infection).  In such situations, this is no longer regarded as antimicrobial prophylaxis, but rather as antimicrobial therapy.

Surgical wounds of Category I (clean wounds) do not appear to become infected less frequently when antimicrobial 
prophylaxis is administered. In theory, no prophylactic use of antibiotics is recommended in clean surgical procedures, 
because there are disadvantages (costs, development of resistance, possible side effects) without added advantages. 
Nevertheless, it appears that it can be advantageous to use antibiotics as prophylaxis in patients where the operating time 
is long (more than 90 minutes). In a protracted surgical time, the chance of infection clearly increases. Also, in cases where 
implants are introduced, it is advised to employ an antimicrobial prophylaxis, because infection can lead to rejection of the 
implant. In this category, wound infections are most likely to occur in closed traumatic wounds with multiple fractures or in 
traumatic procedures.
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In Category II (clean-contaminated), it is advisable in most circumstances, to utilize antibiotics as prophylaxis. The choice 
of antibiotic depends on which type of bacteria is likely to be the most significant contaminant (Table 2).

In contaminated wounds (Category III), the chance of infection can be diminished, in addition to antimicrobial prophylaxis, 
by taking extra measures to lower the degree of contamination.  These measures can include, for example, the careful 
irrigation of the wound site (lavage) or wound debridement (removal of necrotic or foreign material; Figure 2b). In order to 
prevent a delay in wound healing, only non-irritating fluids are taken into consideration for use in wound irrigation. Large 
amounts of Ringer’s solution (least irritating to tissue) or saline are especially suited for this procedure, preferably at body 
temperature. Antiseptics can only be used in a water solution, in heavily diluted form (povidone iodine/ Betadine 0.1%, 
chlorhexidine 0.05%, prontosan). 

These supplementary measures are also essential in dirty or infected wounds (Category IV) in order to prevent the 
progression of infection. Additionally, it is necessary to drain off wound fluid or exudate through the placement of surgical 
drains, or to demarcate devitalized tissue through the application of specific bandages (wet-to-dry or other specialized 
demarcation promoting bandages); Chapter 20.  

Bacteria originating from the patient itself cause most infections. Based on the most commonly occurring pathogens 
and the classification of the wound, the surgeon is usually able to select the most appropriate antimicrobial drug and to 
choose between a prophylactic or therapeutic use (Table 2). A quick gram staining of the wound allows a more rapid initial 
determination as to what types of bacteria are present in order to make a more educated choice of antibiotic therapy. 
During antimicrobial treatment the choice of the most appropriate drug can further be modified according to the results 
of culture and susceptibility testing.

Table 2. Pathogen Contaminants in Surgical Wounds

Type of Surgery

Thoracic procedures

ENT procedures

Stomach/upper gastrointestinal 
procedures

Colorectal/lower gastrointestinal 
procedures

Liver/gall bladder procedures

Urogenital procedures

Orthopedic procedures

Dental procedures

Wounds

Pathogens That are Customarily Present 

Staphylococcus spp., Streptococcus spp., occasionally 
gram-negative bacteria

Staphylococcus spp., Streptococcus spp., Gram-negative bacteria

Gram positive cocci, enteric Gram-negative rods

Enteric Gram-negative rods, enterococcus spp., anaerobes 
(Bacteroides spp.)

Gram negative rods (enteric bacteria), anaerobes (Streptococcus 
and Clostridia spp.)

Escherichia coli, Streptococcus spp., anaerobes

Staphylococcus spp.

Staphylococcus spp., Streptococcus spp., anaerobes

Staphylococcus spp., Streptococcus spp., anaerobes  
(deep wounds), facultative bacteria
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Penicillins, like for instance ampicillin and amoxicillin (the latter, however, not in the horse) are commonly used as first 
choice parenteral prophylaxis in large animals. In companion animals, cephalosporins and the combination of amoxicillin/
clavulanic acid are frequently employed in orthopedic surgery, general soft tissue surgery, urological procedures, ear, 
nose, throat and thoracic surgery because they are effective against a broad range of bacteria and non-toxic. Cefazolin, 
a first-generation cephalosporin, for example is more effective against bacteria that often cause surgical site infection 
(e.g., Staphylococcus spp.) than most third- and fourth generation cephalosporins. Additionally, metronidazole (with an 
anaerobic spectrum) and gentamicin (for Gram negative bacteria) are regularly administered in the case of hepatic or 
intestinal surgery. 

When in doubt as to the proper choice of antibiotic, or in the event that the antibiotic does not show sufficient effect after 
the initiation of therapy, it is important to have a bacteriological examination (culture and sensitivity) performed on a 
sample. Exudate or necrotic tissue is swabbed from the site of infection and submitted using a sterile swab. By culturing and 
testing susceptibility of bacteria, it is not only possible to identify the bacteria present in the wound, but it also determines 
to which antibiotics the bacteria are susceptible (called an antibiogram). 

The misuse or under dosage of antibiotics often leads to multi-resistant bacterial strains. These multi-resistant bacteria, 
which are predominantly present in locations where antibiotics are regularly administered (such as in hospitals, clinics 
or practices), pose a serious risk as they are often transmitted to patients as a contaminant. Multidrug resistance is an 
increasing problem and cannot be diagnosed without submission of proper samples for culture and susceptibility testing. 
Consultation with experts in antimicrobial therapy, infectious diseases and infection control may be required in some 
situations. A combination of specific antimicrobial drugs guided by the antibiogram, the use of local administration of 
(diluted) antiseptics and a strict antiseptic protocol are essential steps in combatting contamination or infection with 
resistant bacteria.

In addition to an individually oriented treatment, it is necessary for clinics to conduct regular internal bacteriological 
inspections in order to determine if their patients run an increased risk of infection by resistant bacteria. If such research 
indicates the presence of (multi-) resistant flora, then action must be taken to prevent contaminating patients.

Last but not least, stricter regulations for antimicrobial use in animals are expected to limit the overuse of antibiotics and 
related drugs. These regulations will vary per region and country and may restrict the use of common antimicrobials for 
future practice.
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7.1 Wounds 

7.1.1 Introduction

Wounds can be defined as injuries to the body that result in disruption of the continuity of the body structure. The 
veterinarian’s goal is to obtain rapid anatomical and functional recovery of the wound area. Although there are many 
different types of wounds, the main principles of aseptic surgical wound management and wound healing are the same for 
all types. Healing of wounds and fractures primarily involves an inflammatory reaction, whereby local symptoms – such as 
redness, heat, pain and swelling – will be present. Depending on the nature and the extent of the injury, systemic reactions 
can also appear (such as fever, leukocytosis, etc.). The inflammatory reaction is an absolute condition of uncomplicated 
recovery and consequently, in order to manage wounds appropriately, a thorough understanding of wound healing and the 
processes that contribute to ‘inflammation’ are mandatory. 

Wounds can be classified in several ways, the most important being the distinction between open (disruption of skin or 
mucous membrane resulting in contamination) and closed (superficial layer is intact) wounds. Further classification of open 
wounds can be based on the degree of contamination (clean, clean-contaminated, contaminated and infected), which partly 
depends on the duration of the injury. Wounds can also be classified by the length of time they have been present (acute 
or chronic wounds), and by the thickness of the skin surface that is lost (full- versus partial-thickness wounds). Wounds 
are sometimes referred to, based on their location – head, neck, chest, leg, etc. – or by using certain characteristics of the 
wound, such as fresh, bloody, purulent, etc. Finally, since most wounds are caused by trauma, they can be classified by 
trauma type and cause. 

7.1.2 Open Wounds

7.1.2.1 Abrasion (Scratch, Excoriation)

Only the superficial epidermal layer disappears as the result of incoming trauma, but the dermis may exhibit petechial 
hemorrhages. These types of superficial wounds heal quickly after a coagulated crust of blood and lymph has formed and 
covered the wound. A hoof or claw avulsion, in which the horn shoe tears from the leather skin of the hoof or claw, can also 
be regarded as an excoriation. However, in contrast to skin abrasions, it is a very serious injury with reserved prognosis that 
requires a long recovery time.

7.1.2.2 Cut (Incision)

An incision is caused by sharp trauma. Surgical wounds belong to this category. There is usually little tissue damage or 
loss and wound healing often proceeds quickly. Clearly tangential cuts are usually referred to as avulsions. The vitality of 
the wound is determined by the vascularity of the affected area. In evaluating deep incisions, it must be kept in mind that 
underlying structures that are not readily visible may also be damaged. 
 

7.1.2.3 Stab Wound (Puncture)

Puncture wounds are caused by pointed objects. Although these wounds are usually small, there can be deeper damage if 
body cavities are involved. Additionally, the contamination introduced by the puncture can cause deep infections due to 
premature closure of the superficial entry wound.
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7.1.2.4 Tear (Laceration)
These wounds have fringed edges, which often decreases local vascularity. Loss of vascularity can cause necrosis and 
wounds with necrosis are more susceptible to infection.

7.1.2.5 Bruise (Contusion)
Bruises are caused by blunt trauma. Soft tissues are bluntly traumatized between the object causing the trauma and 
another solid structure (such as bone) lying underneath. Concurrently, the skin can be disrupted or detached from the 
deeper-lying structures. The edges of the wound are jagged, and vascular disruption may cause necrosis. Damage can 
occur throughout the depth of the bruise. The increased chance for infection in contusions is caused by necrosis of 
tissues and the formation of pockets of wound fluid, such as blood (forming a hematoma) or serum (seroma). These 
fluid-filled pockets provide an ideal medium for bacterial growth.

7.1.2.6 Bite Wound
Bite wounds are a combination of a bruise, a tear and a stab wound. A considerable risk of infection exists as the wound 
provides an excellent feeding ground for the bacteria found in the oral cavity of the perpetrator. 

7.1.2.7 Gunshot Wounds
A bullet, when fired, becomes a high velocity projectile that 
can cause extensive internal damage. If the bullet passes 
through the body, the exit wound made by the bullet is 
usually larger than where it entered. Bullets can also lodge 
internally (Figure 1). This is almost always the case with 
bullets from a shotgun cartridge. When bodily cavities are 
opened (thorax, abdomen, joints, etc.) by bullets or other 
objects, this is usually defined as a penetrating wound.

Figure 1.  A bullet is removed from a shot wound in 
a police dog.

7.1.2.8 Thermal Wounds
Thermal wounds are usually caused by heat (resulting in a burn) but can also be caused by extreme cold (resulting in 
frostbite, which causes damage comparable to burns). Contact with electricity can also cause burns, not only to the 
surface of the body, but also to the deep tissues, depending on the strength of the current and the amount of electrical 
energy present. Radiotherapy can cause wounds that are comparable to thermal wounds, as can contact with abrasing 
liquids such as acids, alkalines, etc. (See also 7.1.8.1).

7.1.3 Closed Wounds
In closed wounds, tissue damage is present while the protective layer (skin, mucous membrane) remains intact. Examples 
of closed or covered wounds include contusion (bruising); rupture (tear), including ruptures of organs in the thorax or 
abdomen; distortion (sprain); luxation (dislocation); fissure (cracks in the bone); fracture (broken bone); concussion 
(violent shake or shock of, for example, the brain). 
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7.1.3.1 Contusions (Bruising)

A contusion is a disruption of the normal cohesion of the tissues, caused by blunt-force trauma (kick, pressure from 
a saddle, etc.). Although the skin remains intact for the most part, extravasation of fluids can occur in the form of 
small (spot bleedings or ecchymoses) or larger (bruise, contusion) bleedings. Also, deeper-located blood vessels can be 
damaged, which can cause the occurrence of large hematomas.

Besides skin and connective tissue, other tissues can also be bruised, including nerves, muscles, tendons, bones and 
joints. Contusions of nerves can lead to disruption of the nervous system, resulting in a temporary (or permanent) loss of 
motor skills and sensation.

Tissue contusions do not solely result from direct trauma, but also from continually increasing pressure, caused by: 

• Bandages that are applied too tightly
• The animal lying on one side for too long  
 (resulting in, for example, paralysis of the radial nerve, pressure sores or decubitus ulcers)
• Increase in tissue mass (such as a callus or tumor)
• Compartmental syndrome, in which trauma has caused pressures of a muscle compartment to increase above   
 physiological values (hematoma or fracture)

Bruising of the bone occurs mainly near the periosteum, leading to subperiosteal hematomas and periostitis. Both can 
cause new bone formation. Repeated bruising of the skin and subcutis over bony body parts can lead to the development 
of bursa (fluid filled masses), such as those on the calcaneus (subcutaneous calcanic bursa), olecranon (hygroma) and 
carpus (precarpal bursa) or seromas in general.

7.1.3.2 Hematoma

A hematoma is a cavity filled with blood. Diffuse bleeding into tissue is termed tissue hemorrhage (Figure 2). The extent 
of the bleeding can vary greatly, depending on the nature, size and number of damaged vessels, and on the tissue density 
of the surrounding tissues.

Bleeding can also occur in existing cavities, such as in joints 
(hemarthroses), in the vagina (intravaginal hemocele), in the 
chest (hemothorax), the abdomen (hemoabdomen), and so on. 
Small hematomas are reabsorbed; larger ones are reorganized. 
This reorganization can be monitored by color changes in the 
affected tissue: from blue, via green to yellow. Large hematomas 
are sometimes not reorganized but encapsulated. At first 
hematomas are filled with blood, but after coagulation and 
through resorption and breakdown of hemoglobin, a clear 
fluid remains (this is called a pseudocyst). When a hematoma 
becomes secondarily infected, an abscess (cavity filled with 
purulent material) will form. Small hematomas require little or 
no treatment. Resorption can be encouraged in large animals 
through application of ointments containing hyaluronidase 
and/or heparin, but true efficacy is undetermined. 

Figure 2. Severe bruising (hemorrhage) of the 
ventral abdomen of a dog after a urethrostomy.
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Vasoconstriction using cold water or cold compresses is recommended in developing hematomas to control the bleeding/
bruising. Compression using a pressure bandage can also be effective against further expansion of the hematoma. 
Large tissue hematomas may cause functional problems due to their size or location. If this occurs, the contents can be 
removed by puncture, followed by the application of a pressure bandage. 

Punctures need to be performed aseptically in order to prevent the introduction of bacteria into the hematoma. If a 
pressure bandage cannot be applied, a waiting period of 10-14 days may be necessary before emptying the hematoma. 
The hematoma is then incised, emptied and drainage is established (see for example aural hematoma management in 
Chapter 14). Aseptic practice should also be maintained when opening a hematoma in order to prevent infection. Post-
hemorrhagic cysts can be treated by complete excision.

7.1.3.3 Rupture (Laceration)

Tears in muscles and tendons (rupture) can occur as a 
result of both internal and external trauma. External 
trauma injuring muscles or tendons is usually associated 
with wounds, but in rare instances the protective layer 
remains intact. For example, a jab with horns can cause 
a laceration of the abdominal musculature, causing 
a hernia (hernia ventralis). In companion animals, a 
rupture of the diaphragm (diaphragmatic hernia) occurs 
commonly as a result of external trauma, such as a road 
traffic accident (Figure 3). 

Figure 3. A chronic diaphragmatic hernia in a cat after 
being hit by car.

Internal trauma is often caused by strong muscle contractions or (repeated) overtaxation. Examples are:

• Rupture of the abdominal rectal muscle at the point of insertion on the pubis in animals with advanced pregnancy
• Rupture of the peroneal tertius muscle as the result of a strong pulling force to a fixed foot, for instance in an   
 emergency stocks or because of violent kicking
• Rupture (usually partial or fibrillary) of the equine flexor tendons occurring due to repeated stress during   
 galloping or jumping

After muscle and tendon ruptures, surgical treatment (apposition) is sometimes possible. Recovery occurs through repair 
and scar formation, which in general implies decreased quality of the affected muscle or tendon tissue. During recovery, rest 
is always indicated. Depending on the localization of the wound, immobilization of the entire animal (kennel or travel box 
for companion animals, box rest for a horse, with or without sedation) or of an extremity is necessary.
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7.1.4 Thermal Injuries

7.1.4.1 Burns

Burns occur much less often in animals than in people. In human medicine, management of burn victims receives special 
attention. Although burn wound management in animals has not received the same focus, knowledge of the specific 
peculiarities of this type of wound is necessary for proper management. 

In the acute stages of the burn, the general condition of the patient may deteriorate as a result of:

• Symptoms of shock caused by fluid or protein loss by blistering, or through local or generalized edema formation
• Intoxication as the result of resorption of toxic substances from the burnt and necrotic tissue
• The danger of sepsis resulting from wound infection
• Heat loss and other disturbances in the body temperature homeostasis
• The tendency for extensive scar formation during the later stages of the healing process

The severity of the burn depends on the extent of the burn and the depth of the wound. Burn wounds are classified as 
follows:

• First-degree burn. This is a superficial burn where swelling occurs in the epidermis through changes in vascular   
 permeability. Symptoms include pain, redness, warmth and swelling.
• Second-degree burn. In a second-degree burn, both the epidermis and the dermis are affected. More fluid is   
 released from the vessels, through which the superficial epithelial layers are raised and blisters with sterile   
 contents arise. If these blisters burst, bacteria present on the skin can easily contaminate the contents. Because  
 the basal skin cell layer (stratum germinativum) remains intact, healing occurs through regeneration. The blister  
 stage in animals with fur is sometimes difficult to recognize.
• Third-degree burn. In this type of burn, the temperature has been so extreme that necrosis occurs all the way   
 to the subcutis. Granulation begins after the necrotic border is defined (a process called demarcation) and is then  
 followed by epithelialization.
• Fourth-degree burn. Fourth degree burns involve charring of the deeper-located tissues with substantial necrosis  
 of all layers (Figure 4).

The same treatment protocol applies for both veterinary 
and human patients: at first, the burned site needs to be 
cooled with (sterile) water. Because burns are susceptible 
to infection, the burn must not be contaminated by the 
environment and is kept as sterile as possible. The person 
treating the burn must therefore wear sterile gloves. The 
burn is often covered using a sterile, non-adherent bandage. 
Antibiotics are commonly given in the acute stages. Many 
topical products have been developed for the human burn 
management protocols. The advantages of these products 
– pain reducing and antibiotic properties – may sometimes 
be counteracted by the delay in wound healing that may be 
caused through their use.

Figure 4. A fourth degree burn in a dog with obvious 
demarcation.
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Often the skin over the burn wound changes into a hard, leathery appearance (an eschar; Figure 4). If no signs of 
infection are present, this burn scar should be left in place as it enhances epithelialization through protection of the 
wound surface. 

Systemic support of the patient is essential. The treatment of the wound itself can be postponed to a later stage, 
allowing the patient to stabilize first. 

7.1.4.2 Frostbite

Frostbite can occur in animals with unprotected body parts as a result of extreme cold (for example, combs and wattles 
of the chicken, nipples of cows, ear tips and toes of dogs and cats, and the scrotum of the bull). The changes that occur 
in the tissues are similar to those that are encountered in burn wounds. The therapy, after thawing the affected part, is 
focused on diminishing the swelling and pain, and promoting a quick recovery. Granulation and epithelialization must 
be stimulated. After the demarcation phase has been completed, the necessity of amputation of the affected body part 
should be assessed. 

7.1.5 The Characteristics of Wounds: Anatomic Changes

Depending on the original characteristics of the wound and its cause, anatomic and pathologic changes will become 
manifest after injury. The edges of the wound can be sharp and minimally traumatized, as in the case of an incision, or 
can be seriously damaged. The size of the wound is not only dependent on (possible) tissue loss but is also influenced 
by the tissue elasticity. The skin has varying degrees of elasticity depending on the direction of the wound (anisotropy 
of the skin). Depending on the nature, degree and location of the trauma, several types of tissue can be affected at the 
same time. Often it is not possible to determine the extent of the damage immediately after the trauma. The extent of 
damage depends on whether or not the blood supply has been interrupted, and it may take a few days after the injury 
before all consequences of the trauma are visible (demarcation phase). 

7.1.5.1 Bleeding From the Wound

Primary bleeding caused by the initial traumatic incident itself occurs in all wounds. In contrast, secondary bleeding is 
the result of renewed damage to the wound or thrombolysis of clots. Secondary bleeding can also occur as the result 
of insufficient hemostasis, or in surgery, when ligatures have loosened.  In cases where the blood pressure is raised by 
infusions or medications, new secondary bleeding may occur. The nature and extent of the bleeding are dependent on 
the type and size of the injured vessel. If blood cannot adequately drain, it will collect in the (newly formed) wound or 
body cavity, such as the thorax or abdomen (internal bleeding). The origin of the bleeding (arterial, venous or capillary) 
should be determined as the treatment protocol may differ. The time and method of intervention is often a question 
of experience and insight as well as the hemostatic parameters of the patient. In surgery, hemostasis is important to 
allow a clear overview of the operational field. Additionally, the collection of blood is not beneficial for a good recovery 
as it needs to be resorbed and reorganized, and it functions as a medium for bacterial growth. The complete absence of 
spontaneous hemostasis due to pathological factors such as hemophilia rarely occurs in companion animals. 
Insufficient clotting and consequently an increased bleeding tendency can be observed in: 

• Patients suffering from hypercapnia (in other words, with an elevated carbon dioxide level in the blood as the   
 result of insufficient ventilation) 
• Patients whose clotting factors have been exhausted (for example, in the case of extended bleeding or DIC)
• Patients with (hereditary) clotting factor deficiencies
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In traumatic wounds, it is sometimes necessary to take action to temporarily 
promote blood clotting. Extensive blood loss can be prevented by the 
employment of certain interventions. These include: 

1. Compression of the supplying vessels by temporarily tying off a body  
 part (extremity, tail) above the bleeding (tourniquet). When elastic  
 material is not available, it is possible to use cords along with a stick  
 to twist tight. This temporary interruption of the blood supply may  
 not last more than 2-3 hours in total because tissue necrosis and  
 nerve damage may occur. The same principle is sometimes used in  
 surgery: the so-called artificial bloodlessness indicated by Esmarch  
 (Figure 5).  

2. Direct compression of the wound by means of digital pressure, a   
 pressure bandage or packing 4x4’s or swabs in the wound or body  
 cavity (for example, nose, ear canal, vagina). This method of   
 hemostasis can also be definitive: after the bleeding has stopped, the  
 pressure bandage or swabs are removed. 

Figure 5. A tourniquet creates 
bloodlessness in the lower leg 
of a dog just before surgery.

Interventions that lead to definitive hemostasis include the following:

• Compression, bruising or torsion of blood vessels with hemostatic forceps. For instance, specially designed,   
 large compressing clamps (referred to as emasculators; Chapter 3) are used during an open castration in equine  
 and farm animals. In many cases, however, a ligature is still needed after clamping. 

• Suturing of blood vessels. This gives a greater certainty of definite hemostasis. Generally, resorbable suture   
 material is used to tie off the vascular pedicle. Additionally, hemostatic clips (absorbable or made of inert   
 surgical steel) could be applied to the vessel. 

• The vessel wall itself may be sutured with very thin, atraumatic suture material.  

• Pressure bandage or wound cavity packing with swabs (see above). 

• Coagulation: Cauterization with hot metal, used to provide a surface with a burnt crust. A modern variant to  
 this method is the use of a hot air gun. This method of coagulation is sometimes used in farm animals    
 immediately following the removal of large (and therefore substantially bleeding) granulomas in a standing   
 animal. 

• Electrocoagulation using high frequency. In monopolar electro-coagulation, use is made of a small, active   
 electrode (monopolar thermocautery), where heat is generated by an electric current. The electric current exits   
 the body via a large passive electrode (a type of grounding plate) that makes contact with a shaven or non-hairy  
 part of the patient. If the vessels are grasped with a metal instrument (hemostat or forceps) the electrode   
 can also make contact with the instrument and coagulate the vessel indirectly. In bipolar thermocautery, both   
 the passive and active electrodes run in isolation from each other in the handle of the instrument. Depending   
 on its form, the thermocauter can function as an electric knife or can be used to coagulate vessels.    
 Thermocautery provides good hemostasis but can delay wound healing if used improperly by causing too much   
 coagulation or necrosis (see also Chapter 4).
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The most secure manner of achieving hemostasis is by compression (described above). It is, however, not always possible 
to approach a hemorrhaging vessel directly (for example in intracavitary hemorrhage caused by parenchymatous organs). 
A direct approach to intracavitary hemorrhage can be performed using open and advanced endoscopic techniques. 

Pharmaceutical products can be used to promote hemostasis in diffuse or difficult to reach hemorrhages (hemostyptics or 
hemostatics). None of the systemic acting agents (which are now often obsolete) guarantee the desired effect, however. 
Most hemostatic products can be used exclusively topically because they are effective as a result of their astringent effect 
(e.g., alum, ferric chloride, copper sulphate and silver nitrate).

Other products include:
• Thrombin, prepared from bovine plasma, should be used exclusively topically as systemic administration may   
 lead to thrombosis and possible emboli. 
• Adrenaline-soaked gauzes or adrenaline in spray-form are used locally in order to encourage vascular contraction.  
 Along with preventing hemorrhage, adrenaline can be combined with a local anesthetic and used in an injectable  
 form. 
• Uterine hemorrhage can be combatted with agents that cause uterine contraction (uterotonics or oxytocics). 
• Gelatin was formerly administered intravenously in order to increase blood viscosity. Presently, it is regularly   
 used in resorbable, locally applied gelatin sponges (Spongostan®). 
• Components that have natural blood clotting effects can also be used to improve hemostasis. These can best be  
 administered through blood or plasma transfusion. 

7.1.5.2 Wound Pain

Pain is a symptom that often is associated with wounds. How animals experience pain is not known, but extrapolation 
from knowledge of human pain is acceptable as the basic pathophysiologic pathways are the same. Humans perceive 
pain through different pain sensations: burning, piercing, drilling, pressure, etc. In wounds, primary pain is differentiated 
from secondary pain. Primary pain occurs as the result of direct damage or irritation of nervous tissue. The intensity and 
duration of this pain is the result of various factors, which are dependent on the nature, size and location of the wound. 
Secondary pain develops later on as the result of irritation through biochemical factors. Biomechanical substances are 
released when tissue damage occurs and manifest themselves under the influence of swelling, inflammation and external 
factors, such as cold or warmth, medications, etc. Between the occurrence of primary and secondary pain, temporary 
loss of sensation can occur in the wound area (this is called wound stupor). The degree and type of pain is dependent 
on the sensitivity (nerve density) of different tissues. In general, the protective layers are the most sensitive, including 
skin, epidermal tissue under a shoehorn, mucus membranes, periosteum, peritoneal surfaces, etc. Connective tissue, 
musculature and organs are thought to be less sensitive. Sensitivity also depends on the type of animal and on the 
individual. Pain can be observed in animals through behavioral changes, through functional disorders or by observing 
reactions during normal stimuli, such as palpation (See Chapter 17).

7.1.5.3 Functional Impairments Caused by Wounds

Generally, wounds also cause functional disorders. These may be the result of organ, muscle or nerve damage, or 
dysfunction caused by pain and inflammation. Damage to blood vessels can decrease vascularity to the affected area. In 
addition to the above-mentioned local disorders, systemic reactions can occur, including shock, fever and other metabolic 
dysfunctions.
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7.2 Healing of Wounds

7.2.1 Biological Processes

As indicated in the introduction to this Chapter, inflammatory reaction is the basis for the wound healing process. 
Generally, the following four consecutive but overlapping phases are distinguished: 

1. Acute inflammatory phase. After tissue damage, mediators are released that cause the initiation of the   
 inflammatory process and clotting of extravascular blood.
2. Breakdown phase. Formation of inflammatory exudate, occurrence of phagocytosis and release of proteolytic   
 enzymes (among others, lysosomal enzymes and collagenase) resulting in tissue fusion and ultimately rejection   
 of non-vital tissue (demarcation).
3. Repair or proliferation phase. Characterized by the formation of granulation tissue and epithelialization.
4. Remodeling or maturation phase. The scar size decreases by maturation and fibril alignment.

7.2.1.1 Inflammation

Wounds fill with blood and lymph from damaged vessels immediately after wounding, followed by a vasoconstriction 
of the damaged vessels to minimize blood loss (Figure 6). Subsequent vasodilation dilutes toxic substances, provides 
nutrients and results in blood clot formation mediated by activated platelets. 

Figure 6. Acute stab wounds in a female 2-year-old 
German shepherd. Vasoconstriction of damaged 
vessels prevents overt blood loss.

It also allows fluid-containing cells (such as lymphocytes, 
polymorphonuclear cells (PMNs) and macrophages) and 
chemotactic factors (such as cytokines and growth factors) to 
reach the area. Activated platelets are responsible for initiation 
of wound healing through the release of cytokines and essential 
growth factors. Platelets, for instance, release platelet-derived 
growth factors (PDGF), transforming growth factors (TGF-ß), 
fibroblast and epidermal growth factor (FGF and EGF), which 
orchestrate the early chemoattraction and activation of cells 
involved in healing. Wound macrophages, derived from local 
monocytes, endothelial cells and fibroblasts, mediate the  
healing process from this point onwards. 

7.2.1.2 Breakdown & Demarcation

Necrotic or dead tissue impedes wound healing, and its removal 
is therefore an essential phase in the healing process. PMNs and 
macrophages have an important function in removing debris and 
cleaning the wound, regulated by cytokines and growth factors. 
Macrophages play the most important role by assuring cytokine 
secretion and the secretion of proteinases and other proteolytic 
enzymes that digest the damaged wound bed matrix and allow 
migration by other connective tissue cells. The inflammatory 
exudate formed in the previous phase provides all the necessary 
phagocytic cells and proteolytic enzymes for demarcation.  
The phase ends with the rejection of nonvital tissue (Figure 7).

Figure 7. A 3-day-old wound in a mixed breed 
male dog. Demarcation of nonvital tissue leads to 
rejection. 
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7.2.1.3 Granulation & Contraction

The activity of fibroangioblastic tissue (granulation tissue) is very important in wound healing (Figure 8). Granulation 
tissue is a network of capillaries and fibroblasts. The capillary network occurs through sprout formation of capillary 
endothelial cells on the wound surface. 

Figure 9. An inguinal wound cavity of a 
10-year-old female Dachshund is filled 
with granulation tissue.

Through mitosis, endothelial buds and sprouts are formed, 
which expand and contact other buds or already hollow 
capillaries. Endothelial arcs result, through which serum or 
blood starts flowing. Because of their superficial location, 
these arcs will bleed easily upon contact. Next, the capillary 
network is intertwined with fibroblasts, which initially 
bind to each other using small tentacles. This combination 
of vessels and fibroblasts is known as fibroangioblastic 
tissue. Generally, fibroblasts develop from fibrocytes, but 
they can also originate from undifferentiated pericapillary, 
mesenchymal cells and monocytes. 

The formation of the capillary buds and the fibroblast 
network begins approximately 24 to 72 hours after the 
occurrence of the wound. Initially, the matrix of granulation 
tissue contains no collagen fibers. After a few days, the 
fibroblasts begin to produce a substance from which 
collagen fibers are subsequently built up. This collagen 
production reaches its maximum on approximately the 9th 
day of wound healing. Interstitial fluid is observed within 
the meshwork of the granulation tissue. In general, this is 
composed of exudate with strands of fibrin and red and 
white blood cells (macrophages and polynuclear cells) and 
forms a scab on the surface of the wound. The network of 
fibrin strands serves as a skeleton, along which inwardly 
growing cells are led. 

The wound cavity is slowly transformed and filled in with 
granulation tissue. This early fibroangioblastic tissue is 
characterized by multiple sprouting capillaries that appear 
as fine, red grains (Figure 9). 

When the cavity is completely filled with granulation tissue, 
the number of cells and the amount of collagen fibers begin 
to reduce. The fibers undergo further remodeling through a 
continuous breakdown and rebuilding process. Initially, the 
breakdown is equal to production around the 5th week after 
the filling of the wound cavity. The quantity of collagen 
fibers does not decrease any further, although retraction or 
contraction of the fibers results in a minor decrease in the 
amount of granulation tissue. 

Figure 8. A flank wound in a female 6-year-old mixed 
breed dog with healthy granulation tissue.
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During the filling-in process, the wound surface and wound cavity 
become smaller as a result of the specific activities of fibroblasts 
with contractile properties (the so called myofibroblasts), which 
position themselves parallel to each other on the wound surface. 
A significant decrease in the size of the wound cavity occurs 
through the contraction of these myofibroblasts (Figure 10).

Concurrently, the existing granulation tissue is slowly 
transformed into connective tissue. This wound contraction is a 
very important element in the healing process as it is a primary 
factor in the reduction of the wound surface.

The degree of wound contraction is dependent upon the tension 
of the surrounding skin. The skin of the thorax is more yielding 
than the skin of the distal leg in the horse, for instance. When 
the wound surfaces are apposed at onset of wound healing, 
adhesion occurs quickly. This adhesion is caused by the excretion 
of fibrinous wound fluid. The connection of wound surfaces 
depends on this fibrinous adhesion until the 3rd-4th day after 
the injury. After this, the wound is connected by fibroangioblasts 
and additional connective tissue is formed. The fibroangioblasts 
emerge from both surfaces and intertwine with each other by 
means of pseudopods. Within this scaffold, collagen fibers will 
appear. Maximum wound strength is reached after approximately 
four months. 

7.2.1.4 Epithelialization

Epithelialization is necessary when there is a partial or full disruption of the epidermis. Following such an event, 
increased mitosis occurs, followed by migration, differentiation and adhesion of epidermal cells. This coordinated 
activity leads to inhibition of the growing fibroangioblastic tissue. The epidermal cells make use of this underlying active 
fibroangioblastic tissue layer. Growth begins at the edge of the wound, where hypertrophy of vital epidermal cells will 
rapidly occur. 

Figure 10. A significant decrease in the 
size of the wound cavity occurs through 
the contraction in the same female 
Dachshund (Figure 9).

Figure 11. On the back of this hound a large 
wound has a zone of epithelial tissue that is 
colored pink.

Cells from each layer of the epidermis participate in this process. 
Hypertrophy can be regarded here as a pre-mitotic activity and 
occurs in all vital cells that are located within a distance of 3 to 
4 mm from the edge of the wound. Flattened cells become cubic, 
desmosomes disappear, and the storage of glycogen begins. 
Mitotic activity begins approximately 12 to 16 hours after the 
onset of the lesion and reaches its maximum capacity 2 to 3 
days later. Mitosis is most active in the cells of the germinal layer 
(stratum germinativum) and in those of the lowest level of the 
stratum spinosum. The formation of a basal cell layer is essential 
in the process of epithelialization. The epithelial layer at the 
edge of the wound creates this cell layer. The newly formed 
epithelial cells are pushed over the wound surface in a centrifugal 
manner until the wound has been completely covered by these 
epithelial cells (Figure 11). 
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After the formation of this layer of cells, the addition of cells and further differentiation takes place in a vertical direction. 
Initially, a migrating epithelial cell is easily removed from the wound surface because of the absence of:

• Basal membrane
• Attachments of the cells to the dermis
• Rete pegs

Rete pegs are active but controlled ingrowths of epithelial cells in the dermis. Later their presence is less pronounced. 
Restitution of hair follicles and skin glands does not necessarily occur. Regeneration only occurs when essential 
components of these structures in the wound area are preserved. Formation of epidermal glands depends on the type of 
animal (occurring, for instance, in the rabbit but not in the rat) and the body location (forming on the outer surface of the 
auricle but not on the inside). In general, the epithelial cover of the wound contains fewer melanocytes, causing scar tissue 
to be lighter in color than the original tissue.

7.2.1.5 Remodeling or Maturation 

This phase is characterized by a further decrease in the size of the wound as a result of remodeling of tissue and by an 
increase in the strength of the scar. The original cell-rich and strongly vascularized granulation tissue is replaced by cell-
poor and relatively avascular connective tissue.  

The decrease of the wound size primarily takes place through 
contraction, made possible by the contractile properties of the 
myofibroblasts. Contraction can have undesired consequences for the 
healing process whenever there is a relative shortage of skin in the 
area around the wound (Figure 12). In such cases, a contracture arises 
(in comparison with stricture of an intestine where the scar has a 
ring-like form). The strength of the scar is increased through improved 
cross-linking of the collagen fibers. Over the period of one year, a 
continuous build-up and breakdown of the connective tissue occurs 
where the collagen fibers orient themselves in the direction of existing 
forces within the scar. Finally, it should be mentioned that newly 
formed epithelial cells do not form fully anatomical skin, due to:

• The absence of or insufficient hair follicles, sweat and   
 sebaceous glands
• Poor moveability and elasticity of the skin caused by   
 attachment to the under layer
• The decrease of rete pegs, causing an increased skin   
 sensitivity to tangential trauma 
• The absence of pigment

Figure 12. During the remodeling phase 
of wound healing a scar is formed on the 
front leg of a young German shepherd. 
Contracture of a wound can lead to 
functional limitations in skin flexibility.
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7.2.2 Forms of Wound Healing 

Several types of wound healing can be distinguished. The form described above (i.e., “natural” wound healing through 
formation of granulation tissue and epithelialization) is termed secondary wound healing (per secundam), or healing 
by second intention. Primary wound healing (wound healing per primam) is obtained through the direct apposition and 
adhesion of the wound edges (after primary closure using sutures, staples or glue). 

The primary wound healing process is, in principle, not different from secondary wound healing, but all phases proceed to 
a lesser degree (and are also largely hidden from the eye):

• There is minimal exudate, which does not discharge but is resorbed
• A relatively small amount of granulation tissue is required to fill in the wound gap
• Only a narrow band of new epithelium is necessary
• Thus, the scar is smaller

The first phases of primary wound healing (inflammatory, granulation and epithelialization) completes in approximately 
8 to 14 days. Secondary wound healing can take months (Figure 13). A third form of wound healing is a variation on 
secondary wound healing, “healing under the scab”, and occurs, for example, after minor excoriations and superficial burn 
wounds. Epithelialization takes place quickly under the scab if not disturbed, after which the scab falls off.

Figure 13. Secondary wound healing in a horse of a lesion located on the metatarsal (a. Day 0; b. Day 84; c. 1.5 years) and on 
the hind quarter (d. Day 0; e. Day 84; f. 1.5 years). The wound on the hind quarter (d) closes almost completely by contraction 
while the metatarsal wound (a) closes mainly by epithelialization (pictures courtesy to Dr. Jacintha Wilmink).

a b c

d e f
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7.2.3 Recovery Properties of Various Tissues

Regeneration and repair have the potential to vary greatly from tissue to tissue, and range from minimal to excellent:

• Epithelial tissues, such as skin, mucous membrane, and hoof and claw epithelium, have good potential for   
 regeneration.
• Subcutaneous connective tissue regenerates well in general, and often forms the basis for wound healing.
• Periost has good regeneration potential.
• Bone has good regeneration and complete differentiation potential (see also Chapter 8).
• Cartilage has limited regeneration and differentiation potential.
• Tendons consist of cell-poor collagenic connective tissue with limited vascular supply. Recovery occurs through   
 fibroangioblastic tissue that grows from the surrounding tissue to the tendinous injury. If a sheath surrounds   
 the tendon, this fibroangioblastic tissue crosses over from the synovial tissue. After the injury is recovered, the   
 connective tissue remains as an adhesion between tendon and synovia. The organization of the collagen fibers   
 is generally poor, implying that elasticity and strength remain impaired.
• Muscle tissue undergoes limited repair. New continuity in a muscle is formed through connective   
 fibroangioblastic tissue that grows in from the two severed ends. The regenerating muscle fibers make an   
 attempt at infiltration but often are unsuccessful at making a connection to the other side and scar tissue   
 remains.
• Nervous tissue heals after bruising or disruption firstly through the distal (up to the motor plate) and proximal   
 (up to the nearest node of Ranvier) cleaning up of degenerated axonal plasma and myelin. Phagocytosis   
 is initiated and is accompanied by the proliferation of neurolemma cells, fibroblasts and endothelial cells.   
 The number of Schwann cells increases and forms a network that bridges over both hollow ends of the nerve. A   
 connection can be made when the ends of the incised nerve are not more than 30 mm from each other.   
 Recovery of the axon occurs through the outgrowth of plasma, starting in the node of Ranvier. Multiple sprouts  
 are formed that search their way to intact hollow cavities using the network of Schwann cells. In the cavity,   
 one or more sprouts grow, and the others disappear. After approximately 300 days, the axon is again in its   
 original state. When the distance of the connection exceeds repair potential, a mass forms that is referred to as  
 an amputation neuroma. An amputation neuroma consists of a conglomeration of Schwann cells and axon   
 sprouts. A typical example occurs after a neurectomy of the palmar digital nerves in the pastern of the horse.   
 Various degrees of nerve lesions can be differentiated:

• Neurotmesis is the complete transection of a nerve (cut)
• Axonotmesis is the severance of the axons with the external supporting structures (sheath) remaining  

 intact
• Neuropraxia is the temporary interruption of the synapses without axonal degeneration

• In vasculature, recovery of vessels occurs via the capillaries of the fibroangioblastic tissue. Collateral    
 circulation is established by vascular in-growth as previously described.
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7.3 Wound Management

7.3.1 Asepsis and Antisepsis

The most important principles every veterinarian needs to adhere to in order to achieve proper wound healing are firstly, 
the avoidance of wound infection and secondly, if it occurs, the correct management of wound infection. Adherence to 
the principles of asepsis and aseptic technique are mandatory in this respect. An aseptic technique can be defined as 
those methods and actions that achieve asepsis (the state in which living pathogenic micro-organisms are absent) and 
prevent wound contamination during surgery. This does not only include the appropriate preparation of the surgical 
environment but of the surgical site itself, the operating team and surgical instruments. In order to achieve this, it is 
important to work with and adhere to a strict aseptic protocol including the following actions (see Chapter 2 for more 
details): 

• Sterilization of instruments
• Sterilization of surgical drapes and bandage material or use of sterile disposable materials
• Washing and aseptic preparation of the hands of the surgeon and use of sterile surgical gloves
• Wearing of designated surgical attire (face mask, bonnet) and sterile surgery gowns
• Preparation of the surgical site, including washing and aseptic preparation of the operating field
• Disinfection of the operating room 

7.3.2 Surgical Wounds

In a surgical wound, the surgeon creates perfect conditions for the hopefully uncomplicated progression of wound 
healing. The chosen surgical technique has an obvious significant influence on the progression of the healing process. 
In the first place, this implies a judicious decision on the location and direction of the wound, so that there is as little 
tension on the wound as possible after surgery. It is of utmost importance that tissues are traumatized as little as 
possible during an operation. 

Atraumatic surgery technique includes:

• Making a quick and carefully measured incision with a sharp  
 scalpel blade (Figure 14)
• Working as quickly as possible, but not with haste
• Leaving blood vessels intact as much as is practical
• Splitting of the musculature parallel to its fibers instead of  
 crosswise
• Blotting of blood through dabbing rather than wiping   
 motions and using suction in cases where there is extensive  
 bleeding as it causes less trauma to the tissues than blotting
• Ensuring that exposed tissues are not allowed to dry out  
 too much, and undertaking regular irrigation with   
 physiological solutions, such as Ringer’s lactate solution or  
 saline, where necessary 
• Ensuring that the separate layers of tissues are carefully  
 adapted when suturing the wound in order to avoid dead space
• Taking care that drainage of wound fluid is not impeded

Figure 14. A surgical wound is preferably 
made by making a quick and carefully 
measured incision with a sharp scalpel 
blade.
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Wound healing will progress less optimally if:

• The wound is diffusely discolored at the end of the procedure
• The separate layers of tissue are not distinguishable from one another
• The wound edges are swollen
• The wound is dried out

Figure 15. Example of a material that 
is used to fixate the outer layer of a 
bandage.

7.3.2.2 Drainage

In general, the drainage of wounds created under aseptic conditions and 
handled atraumatically is not advisable as the wound can become infected 
through the drain. Drainage can be desirable if the surgery (or anesthesia) 
has lasted a long time, if the surgeon is not completely convinced of the 
aseptic conditions, and/or if secretion from the wound or bleeding is 
expected. For short-term passive drainage (3 to 5 days), a thin, supple 
latex (Penrose® drain) or silicone drain can be used (Figure 16).

7.3.2.1 Bandages

After suturing, a bandage is often applied in order to protect the wound site. A bandage usually consists of three layers: 

• A fluid-permeable (preferably non-stick) contact layer (such as a hydrophilic gauze)
• An absorbent, padded second layer (for example Artiflex® or cotton wool); and
• A third, bandage-fixating layer (such as an elastic swathe or Vetrap®) (Figure 15).

Figure 16. A gravity dependent passive 
latex Penrose drain is used in a Vizsla 
with an inguinal wound.

The bandage should not be allowed to stick to the wound as this causes 
pain and damage to the underlying tissue during bandage changing. A 
bandage supports the wound and provides light pressure, through which 
bleeding is more easily stopped. Furthermore, bandages limit wound 
swelling and protect the wound against external influences. Possible 
secretions from the wound are absorbed into the bandage and drawn 
off. If desired, the bandage can function as a carrier of medication, which 
is of particular importance for certain non-sutured wounds. In some 
cases, complete immobilization of wounds by means of a cast or fortified 
bandage is necessary to ensure proper healing (see Chapter 20).  
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7.3.2.3 Vacuum-Assisted Closure

Topical negative pressure, subatmospheric pressure or vacuum-assisted therapy uses sub-atmospheric pressure to 
promote or assist wound healing. Multiple proposed mechanisms of action have been described. The enforcement of 
negative pressure on the wound leads to the removal of bacteria and excess fluid, which reduces the risk of infection 
and decreases the distance for intercellular diffusion, thus improving wound oxygenation. It also results in mechanical 
stimulation of the local blood flow in the wound bed, the formation of granulation tissue and epithelialization. 

A vacuum is created by placing a foam or gauze dressing on the wound, which is subsequently connected, via a tube, to a 
vacuum pump (Figure 18a). An adhesive film sheet to create an airtight seal covers the foam and tube. Negative pressure 
to the wound can then be applied constantly or intermittently. A negative pressure of -125 mmHg is recommended 
(Figure 18b). 

There is some recent scientific evidence to support the use of vacuum-assisted closure in veterinary medicine.

Figure 18a. A vacuum is created by placing a foam or 
gauze dressing on the wound, which is subsequently 
connected, via a tube, to a vacuum pump.

Figure 18b. The foam and tube are covered by 
an adhesive film sheet to create an airtight seal. 
Negative pressure to the wound can then be applied.

Hydrophilic gauzes can be used if necessary; however, they can adhere 
to the wound surface and are not ideal for drainage. Long-term drainage 
can be provided with a sturdier, perforated silicone or rubber drain (for 
instance in large animal surgery), which may be attached to a vacuum 
system. This method is also referred to as active drainage (Figure 17). 
Drains are commonly removed when the drainage stops, which is often 
around the 3rd to 5th day of wound healing. The drain itself can also 
cause fluid production, so drainage may never stop completely. Figure 17. A vacuum system is used on 

an ‘active’ silicone drain in a dog with 
stab wounds.
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7.3.3 Traumatic Wounds

7.3.3.1 Introduction

A wound that is caused by external trauma can manifest itself in many forms, and it is not uncommon to observe 
several types of wounds in the same animal. Wounds can range from superficial excoriations where only a defect in the 
epidermis is present, to deep wounds where underlying tissues such as muscles, tendons, blood vessels and nerves (and 
even internal organs) can be affected. A thorough physical examination of the patient is of great importance, and the 
examination of the wound itself must be undertaken as carefully and as aseptically as possible.

7.3.3.2 Causes of Trauma

7.3.3.2.1 Causes in Companion Animals

Trauma can result from many causes. In an American study of 1,298 dogs and cats with trauma, the most common 
causes were traffic accidents and fights. In a significant number of patients, the primary cause of trauma was not known. 
These figures may differ in other countries as the number of wounds attributed to gunshots is often lower. In more 
remote areas (as opposed to cities), where animals tend to roam free, cats & dogs are more often involved in traffic 
accidents and are more often the victim of fights. In the city, more animals experience trauma as the result of falling 
from heights. 

Trauma to multiple body parts occurs mainly as a result of traffic accidents and fighting. Specific patterns are noted 
in these trauma cases: wounds resulting from sharp objects occurred primarily in the head and to the extremities, the 
neck was often wounded in fights, and the pelvis in collisions. Injuries occurring as the result of falls were different in 
cities compared to the countryside; presumably because animals in the city often fell from greater heights. In dogs and 
cats in the city, the wounds were spread over the entire body, whereas in animals from outside the city, the wounds were 
concentrated in the extremities and the pelvis. 

In another American study, it was confirmed that certain combinations of wounds were observed significantly more 
often than others. In 12 animals with bite wounds to the thorax, half of them also had wounds to the lungs. A study of 
lung trauma in traffic accident victims indicated that more than half of the animals also had fractures outside of the 
thorax, with the majority being localized in the foremost portions of the body. A study of 100 dogs with pelvic fractures 
indicated that 25% also had wounds to the urinary tract. These findings correlate with research in 600 dogs, where 60% 
of the dogs with intrathoracic or intra-abdominal wounds also had fractures in the same region where the internal injury 
occurred. There was also a connection between the location of the injury and the chance of recovery: the largest number 
of deaths was seen in abdominal and thoracic injuries.
 
7.3.3.2.2 Causes in Equine and Production Animals

Traumatic wounds, such as those caused through entanglement in (barbed) wire, are notorious and occur frequently. 
This type of wound is often seen on the front of the tarsus and the metatarsus. Whilst at the location where the trauma 
occurred, it is not easy to determine if other, more deep-lying essential structures are involved (for example, talocrural 
joint and/or small tarsal articulations, phalangeal joint and/or tendon sheath, flexor and extensor tendons). 
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7.3.3.3 Trauma Assessment 

Firstly, the patient should be assessed and stabilized according to an emergency protocol (such as the ABCD protocol). 
In serious and extensive wounds with severe blood loss, the patient should be treated for shock before primary wound 
care is commenced. It is not only important to know which soft tissues have been damaged, but also if there are any 
fractures present. For wounds in the vicinity of joints, it must be determined whether or not the joint capsule has been 
penetrated. The same is true for bursae and tendon sheaths, as well as for body cavities such as the thorax and the 
abdomen. The physical examination should lead to an acceptable treatment plan with a clear indication of the chances 
of recovery. In the case of serious injuries, it must be determined if the general condition of the patient allows for either 
sedation or general anesthesia during the treatment protocol. In exceptional cases, treatment can proceed under local 
analgesia or an alternative pain management protocol.

It is important to take time to organize an adequate and clean location, proper lighting and assistance in which to work. 
It is better to postpone surgery in order to enable a well-prepared operation, than to operate quickly and chaotically 
in dirty surroundings. Unprepared surgery often leads to further injury to the patient. This preparatory stage is, of 
course, more easily accomplished in companion animals than in large animals. Companion animals can almost always be 
transported to an operating area; whilst improvisation is often needed when dealing with large animals. Nevertheless, 
optimal circumstances should always be strived for, no matter how difficult they can be to achieve.
 

7.3.3.4 First Aid

Traumatic wounds, such as those caused through entanglement in (barbed) wire, are notorious and occur frequently. This 
type of wound is often seen on the front of the tarsus and the metatarsus in large animals. Whilst at the location where 
the trauma occurred, it is not easy to determine if other, more deep-lying essential structures are involved (for example, 
talocrural joint and/or small tarsal articulations, phalangeal joint and/or tendon sheath, flexor and extensor tendons). 

First aid at the scene of an accident is of utmost importance and must be focused on stabilizing bodily functions, 
stopping arterial hemorrhage, the prevention of wound infections and secondary trauma, and the intact cohesion of the 
traumatized tissues. Severe bleeding should be controlled following the information provided earlier in this chapter. 
If the use of a pressure bandage is not necessary, then first aid can be limited to covering the wound with sterile 
hydrophilic gauze (or a clean cloth if this is not available) wrapped in a padding bandage (for example Artiflex®) held in 
place by an outer water-resistant wrap (like Vetrap®). The application of ointments or powders often acts as an irritant 
to the tissues and is therefore generally not recommended. In companion animals, immediate irrigation of the wound, 
clipping and aseptic preparation of the wound site are best left for hospital settings to prevent contamination from the 
accident site environment. In contrast, however, in large animals it is advisable to irrigate a wound with a large amount of 
tap water as soon as possible (using a clean garden hose or something similar).

7.3.3.5 Treatment of Trauma

7.3.3.5.1 Companion Animals

Clinical examination focuses on life-threatening or organ-threatening injuries (such as the ABCD protocol) and on 
neurological status. 

After trauma to the chest and in large bleedings, acute, life-threatening injuries are often present. In a grave wound 
to the thorax, the integrity and/or the stability of the chest wall may be compromised. Rib fractures and perforating 
wounds can cause a pneumothorax. If several ribs are broken, a portion of the chest cavity can come loose from its 
surroundings – this is referred to as a flail chest. Because the loose segment is no longer part of the normal cage 
construction of the thorax, it moves contrary to the movements of breathing. 
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During inspiration, the loose segment moves inwards, while the rest of the thorax moves outwards. During expiration, 
it moves outwards, while the rest of the thoracic wall moves inwards. Through this paradoxical movement, insufficient 
negative pressure can build up for normal breathing to occur. This results in dyspnea, which can be worsened by lung 
contusions, bleeding or pneumothorax, resulting from a perforation of the chest wall or lungs. Labored breathing 
through dyspnea requires much effort, and thus also extra oxygen. When this vicious cycle occurs, it often results in 
death without swift intervention. 

Severe bleeding can be externally visible but can also occur inside body cavities. An animal in shock that does not 
respond to proper treatment (such as intravenous fluid therapy) can suffer from intrathoracic or abdominal bleeding. 
With acute blood loss, the hematocrit (Ht) does not initially decrease because the patient loses both blood cells and 
plasma. It will only decrease after blood loss is compensated for with an infusion or redistribution of body fluids. 
Other serious traumatic conditions can also cause delayed symptoms. Examples include perforations of the urinary 
bladder, the intestine and the gallbladder. In these cases, respectively, uremia, sepsis and gall peritonitis occur. The first 
two complications usually lead to severe general symptoms within 24 hours. Bile peritonitis can last for several days 
before it is apparent that there is a problem. Patients with multiple traumas must therefore be observed and evaluated 
for at least 24 hours following a thorough initial examination. During the neurological examination, a check for level of 
consciousness and paresis/paralysis is conducted. 

In any trauma case, it is vital to examine the patient as completely as possible in order to be able to evaluate all 
the treatment possibilities and assess the proper prognosis of the patient. Using a standardized protocol of clinical 
examination will help preventing the misevaluation of an essential traumatic injury.

7.3.3.5.2 Equine and Food Animals

The typical multiple trauma that is often observed in companion animals, such as falling from a height, is not often seen 
in horses and food animals. Less dramatic trauma in large animals occurs in a number of forms where the application 
of adequate first aid is essential. These include any trauma that is paired with arterial bleeding, traumatic wounds, and 
acute, severe lameness.

In trauma accompanied by arterial bleeding, measures must be taken immediately to stop the blood loss, for example, 
compression of the supplying vessel proximal to the bleeding, or the application of an arterial clamp. The same actions 
can be taken in trauma of larger veins. After transportation to a clinic, definitive measures can be taken (such as the 
application of vessel sutures or the tying off of the vessel). It must be kept in mind that one or two liters of blood can 
appear to be a dramatically greater volume when it has spilled onto the floor or ground; however, in relation to the 
circulating volume of blood of an adult horse (± 45 liters), this is a volume that is compensated for relatively quickly.

In order to prevent further contamination of the wound during transport to a specialized clinic, it is necessary that a 
sterile protective and immobilizing bandage be wrapped around the wound, including:

• Acute, very severe lameness, in a patient in which a fissure or (closed) fracture is suspected, should be set in an  
 immobilizing splint or plaster cast before transport to a clinic. Without taking this step, during transportation   
 the fissure can become a fracture, or a closed fracture can become an open fracture, and thus become  
 contaminated. Furthermore, in serious cases of lameness, a thorough hoof examination must be performed.  
 Many patients become severely lame not as the result of a fissure or fracture, but merely through the presence   
 of a foreign body in the sole of the foot. 

• The prevention of secondary trauma, especially in wounds that are combined with a partial or total rupture of  
 the dorsal extensor tendon: the patient will knuckle over. Because of this, severe (secondary) trauma can   
 be caused on the front of the fetlock joint or the knuckle joint itself. Only after application of an immobilizing  
 bandage, the horse can be transported.
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After having suffered severe injuries, most horses will be in distress. It is common for a tranquilizer to be administered to 
these patients before they are placed on transport. However, this is not advisable for the following reasons:
Distress is often an expression of pain, and therefore the administration of an analgesic is indicated rather than a 
tranquilizer. Particular attention should be paid here with regard to patients with suspected fractures/fissures.
In cases of severe blood loss, most tranquilizers will only worsen possible hypotension. 

The administration of a tranquilizer in a patient where the amount of blood loss is unknown increases the risk of 
anesthesia.

7.3.4 Wound Closure

7.3.4.1 Primary Wound Closure

Definitive treatment is focused on creating conditions that allow the wound to heal in the shortest amount of time 
possible, with a full anatomical and functional recovery. This implies that primary wound healing must be strived for; 
or, if this is not possible because of a great amount of tissue loss, that secondary wound healing is facilitated. One of 
the most important conditions for uncomplicated wound healing is the avoidance of wound infections (or treatment 
thereof); yet every open traumatic wound can be assumed to be contaminated. In primary closure (during the acute 
phase) of traumatic wounds, one or more types of analgesia must be used, whether it be via general anesthesia or 
sedation, combined with local anesthesia at the wound area, obtained through infiltration or regional anesthesia. 

Furthermore, the area around the wound must be cleaned as much as possible. Dirty and loose hairs can be suctioned off, 
and the hairs at the wound edges clipped. The wound must be covered during the clipping, as well as during the aseptic 
preparation, in order to prevent loose hairs or other foreign objects from entering the wound. Sterile swabs (4x4) soaked 
with saline or sterile lubricant can be used for this. Any foreign objects should be removed. A dirty wound can be cleaned 
out through irrigation with physiological solutions such as saline or Ringer’s solution, or a mild antiseptic, such as 1/100 
(1%) diluted Betadine® (containing 10% watery solution of Povidone iodine), 0.05-0.5% chlorhexidine diacetate or 
prontosan® solution. The choice of antiseptic is often limited because many agents are toxic in the concentrations that 
are required to have a sufficient antiseptic effect (see Chapter 2). Also, iodine is inactivated by organic material that is 
abundantly present in open wounds. In chronic wounds where this is a concern, the use of Prontosan® is recommended. 
This is a wound irrigation solution containing polyhexanide, which inhibits the growth of microorganisms and has less 
toxicity on fibroblasts and keratinocytes than other topical antiseptics. 

During irrigation of a wound, contaminants must not be 
spread to deeper layers. In such cases, it is better to remove 
dirt through the use of wet gauzes. For irrigation, use can 
be made of a specially designed apparatus that produces a 
pulsating stream of water (water pik). For effective cleaning, 
a pressure of 0.6 kg/cm2 (8 psi) is necessary. A similar 
pressure can also be generated by manually irrigating the 
wound using a large syringe (at least 30 ml) with a 19-gauge 
needle (Figure 19). 

The application of greater pressure provides better cleansing 
but is not advised because of a greater chance of tissue being 
damaged. Figure 19. A badly contaminated wound on a cat’s 

hind leg is flushed with saline using a large syringe 
(at least 30 ml) with a 19-gauge needle.
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To obtain primary healing of a traumatic wound, an ideal surgical wound environment needs to be created. The following 
conditions must be met:

• No (or as little as possible) contamination and absolutely no infection
• Smooth and vital wound edges
• Sufficient drainage
• No or limited tension to the wound edges – when too much tension is present,  
 local ischemia occurs, which may lead to wound edge necrosis

In order to meet the first condition, it is necessary that the wound is treated within four to six hours (also called ‘the 
golden period’). Within this time frame, no significant bacterial multiplication has yet taken place. After this arbitrary 
time period, one can be sure that bacteria have multiplied and invaded the surrounding tissue (infection) and it is then no 
longer possible to remove contamination from the wound by just mechanical cleaning, irrigation or superficial excision of 
the wound edges. 

A Friedrich wound excision can help to provide the capability to meet the second condition. In this method, 1 to 2 
mm of the wound edge is removed using a scalpel and an attempt is also made to remove the superficial layer of the 
wound surface. This cannot always be fully achieved as it is often not possible to remove this extra layer from essential 
structures such as exposed nerves or blood vessels. Where these locations are concerned, one is limited to superficial 
wound cleaning. In all cases, however, clearly non-viable tissue must be removed. 

It is sometimes difficult to discern where the border is between viable and non-viable tissue (demarcation) shortly 
after a wound occurs. In such cases, excision is delayed for a few days until demarcation is clearly visible. In the interim, 
the wound must be protected from possible infection, which often includes careful local wound management, regular 
irrigation and the systemic administration of antibiotics. This is known as delayed primary wound management (or 
delayed primary closure). Following delayed primary closure, wounds are supposed to heal as quickly as wounds that are 
closed primarily. 

After wound debridement (removal of necrotic tissue and foreign material), the wound is sutured according to the general 
rules that apply for surgical wound closure. Dead space where exudate can collect must be drained. If there is too much 
tension, the wound should be reconstructed, or grafts applied (see Paragraph 7.5). If wound reconstruction is not 
possible, partial closure should be attempted so that at least a portion of the wound can heal by primary wound healing. 
This measure improves healing time and creates conditions for better anatomical and functional recovery.

If the first two of the above-mentioned conditions for primary wound closure are not met, then to attempt complete 
primary closure is contraindicated. The infection must be controlled first, and adequate drainage established. 
Sometimes, it is possible to (partially) suture a wound that has already been healing secondarily. Granulation tissue 
is either removed or left in place during the closure (see secondary wound healing below). Often, the skin around the 
wound is undermined in order to be able to suture the original wound without tension. This method is termed secondary 
closure and offers timesaving in comparison with secondary intention healing. The wound area is protected with the 
placement of a bandage (immobilizing, if necessary) that must be changed periodically depending on size and localization 
of the wound, amount of drainage, possible complications, and behavior of the animal. The bandage will decrease the 
motion of the wound area, prevent automutilation, and allow absorption of exudates. 

In addition to limiting the movement with a bandage, it is sometimes necessary to take other measures in order to allow 
minimal disturbance of the wound area. For instance, it can be necessary to prevent a large animal from lying down. To 
achieve this, the animal can be tied up or be placed backwards in a tying stall, where both sides of the head should be 
fixed. Alternatively, a neck cradle could be used to restrain a horse in order to prevent it from destroying the bandage. In 
companion animals, an Elizabethan collar (a circular neck collar made of plastic) or other protective wear can be used to 
prevent licking or biting of the wound. 
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After surgical closure, in addition to checking the wound itself, the general condition of the patient must be monitored 
regularly in order to ascertain any possible complications in a timely manner. During an uninterrupted healing process, 
skin sutures can generally be removed after 7 to 10 days. The bandage is most commonly removed a couple of days after 
suture removal.

7.3.4.2 Secondary Wound Healing or Wound Healing by Secondary Intention

If wound suturing cannot occur due to the reasons stated above, then healing by secondary intention is employed. 
Treatment should be concentrated on creating an ideal wound environment to enable the natural healing process to 
advance uninterrupted. To achieve this, tissues must always be treated as atraumatically as possible. In order to support 
the healing process properly, the stage of the wound must be determined. It should be emphasized, however, that various 
stages of wound healing can be visible in a single, older wound. For instance, in some parts of the wound the demarcation 
phase may not yet have finalized, while in other parts granulation tissue formation is already in process. 

In the exudative phase (breakdown phase), damp, absorbent and antiseptic bandages can stimulate drainage and 
demarcation through use of the cheap ‘wet-to-dry’ principle. Medicated solutions such as Betadine® 0.1 %, Halamid® 
0.3-0.5 % or Dakin’s solution, a combination of sodium hypochlorite (0.45 % to 0.5 %) and boric acid (4 %) can be used 
as an antiseptic. After the wet bandage is applied, one allows it to dry before it is replaced. The disadvantage of this 
type of bandage is that the dry bandage will stick to the wound and irritate both the wound and animal when taken off. 
Because of this negative effect, there is a plethora of bandage materials available that address the exudative wound, 
which are less aggressive. Most of these are a good, but expensive, alternative to the wet-to-dry bandage. Wounds that 
produce a lot of secretions and that cannot be protected under a bandage often undergo treatment with hydrotherapy 
(in large animals) or irrigation with sterile, physiological solutions (in companion animals). As soon as the secretion 
significantly diminishes and the wound is covered with granulation tissue, the fluid adsorbing bandages can be replaced 
by hydroactive bandages, which keep the granulation bed moist. 

In contrast to companion animal wounds, many wounds in large animals, the preferred manner to stimulate wound 
healing is performed without bandaging. If desired, use can be made of products that may advance granulation, such as 
cod liver oil or other local wound healing potions. 

With regard to healing by second intention, ultraviolet radiation (in the U.V.C. area of 280-100 nm) may have a positive 
effect. The working mechanism of ultraviolet radiation is not entirely clear, but possible effects that may be responsible 
include a bactericidal effect, the formation of erythema (by improving the circulation), the release of certain growth 
factors, and ozone formation. Under an increasing dosage, the wound appears to clean itself quickly, and granulation and 
epithelialization are stimulated without leading to superfluous granulation. 

Low-level laser therapy (LLLT) is a cold laser used to stimulate wound healing through stimulation of fibroblast 
development, acceleration of angiogenesis, vasodilation and possibly by improving lymphatic drainage. A highly 
significant effect on wound healing in the inflammatory, proliferation and maturation phases has been described in 
humans and horses.

7.3.5 Influencing Wound Healing

For many centuries, man has used various methods to improve wound healing. The wound healing process is stimulated 
through ensuring that deleterious circumstances surrounding and within the wound are eliminated. In surgery, as well as 
in traumatic wounds, this is incumbent on specific treatment of the wound and on the general condition of the patient. 
Both indicate that not only the intra-operative but also the pre- and post-operative management of the patient play a 
vital role in proper wound healing. As stated previously, one of the most important prerequisites to a successful healing 
process is the prevention and the treatment of wound infections. 
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The use of topical and systemic antibiotics in wounds has caused a lot of discussion and in general should be limited, 
however, in order to prevent the undesired development of bacterial resistance. For instance, in aseptic and minimally 
contaminated surgical procedures, the use of antibiotic therapy is actually unnecessary and therefore contraindicated. 
Additionally, it should be noted that local administration of antibiotics often has a disadvantageous influence on wound 
healing. The metabolism of the wound is affected by changes in the local pH caused by the emulsion, resulting in cell 
damage. This results in an increase in exudation – which is a good medium for bacteria – augmenting subsequent wound 
infection. Local application of antibiotics may thus delay instead of improving the wound healing process. This also 
applies to ointments, which contain paraffin. As mentioned earlier, prophylactic antibiotics should be administered 
parenterally before an operation, so that an adequate plasma level is assured before the first incision or surgical 
treatment. Antibiotics administered later than three hours following an operation, or a traumatic injury, appear not 
to influence infection prevention. As many traumatic wounds are already more than six hours old when the patient is 
presented for treatment, there is no evidence-based reason to administer a single prophylactic dose of antibiotics in 
these cases. Rather, one should determine if setting up an antimicrobial therapy protocol is necessary. 
Blood volume seems to play a greater role than the presence of anemia in attaining an optimal supply of oxygen to 
the wound area. A proper fluid and electrolyte balance should therefore be maintained. Ensuring a proper protein and 
mineral supply using appropriate nutrition is also of importance. The unfavorable influence of avitaminosis C is perhaps 
best known: a deficit of vitamin C affects not only the inhibition of epithelial regeneration, but also collagen synthesis. 

A relation also exists between many hormones and wound 
healing, for example in connective tissue metabolism. 
The influence of these hormones appears to be related to 
dosage in an experimental setting, but with contradictory 
results. Glucocorticoids (including endogenous hormones 
such as ACTH) will inhibit wound healing (Figure 20). 
Glucocorticoids cause, for example, a reduced sulphur 
uptake in glycosaminoglycans (mucopolysaccharides), and 
morphological changes and a decrease in the number of 
fibroblasts, resulting in reduced collagen synthesis. On 
the other hand, mineralocorticoids stimulate proliferation. 
Positive and negative influences on wound healing have also 
been described for other hormones. Estrogens, for example, 
have a mainly negative effect and androgens a positive effect 
on collagen synthesis. 

Figure 20. The delayed wound healing of this patient 
is caused by long-term corticosteroid use.

Attempts to stimulate wound healing through the local application of pharmaceuticals will continue. Many organ 
extracts from different origins have been scrutinized with various results. Much has been reported on the application 
of placenta extracts, which seem to encourage a non-specific stimulation of the growth of connective tissue. Attempts 
have also been made to encourage the synthesis of collagen through application of ground substances. Zinc has triggered 
particular interest as if deficient, wound healing is delayed. Zinc is a component of various enzymes and plays a role in 
collagen synthesis. One of the detrimental effects of corticosteroids is that the mobilization of zinc from reserves is 
prevented. There is still much controversy as to the role that zinc actually plays in wound healing, however. Old-fashioned 
and more recent wound ointments and bandages have made use of zinc in the past. Lately, the use of stem cells in human 
wound healing has been researched with successful outcomes.

Physical therapy, as mentioned earlier, can also be used in wound management, especially in secondary wound healing. 
The two most well-known treatment modalities include hydrotherapy and ultraviolet radiation. Wound healing can also 
be influenced through choosing to use special bandages. In companion animals, secondary wound healing occurs more 
quickly when the wound is covered with a hydroactive bandage, as compared to allowing the wound to heal exposed 
(open) or a wound protected with a bandage containing paraffin. Both granulation and epithelialization are stimulated in 
the damp environment created by hydroactive bandage. Additionally, there is an extensive array of bandaging products 
that are designed to speed up different phases of wound healing (such as demarcation).
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7.4 Wound Infection

7.4.1 Introduction

Wound infections can result from contamination of the wound with micro-organisms. If this contamination occurred 
simultaneously during wounding because the wounding object was contaminated or introduced skin flora into the wound, 
then this is referred to as a primary infection. If the wound contamination occurred at a later time than the moment of 
wounding, it is known as secondary infection. Wound infections resulting from contamination through direct contact with 
infectious material are termed contact infections, whilst infections carried through the air are referred to as airborne 
infections.
 
Wound infection distinguishes itself from contamination by the explosive increase in the numbers of bacteria often 
occurring after four to six hours of incubation. The increase in bacterial numbers in the wound (and the resultant wound 
infection) is dependent on multiple factors, which are attributed to both the micro-organism(s) and the host. It is therefore 
clear that any infection must be seen as a multifactorial process. 

Factors attributed to the micro-organisms are:

• Pathogenity: the capacity to stimulate alteration
• Virulence: a quantitative concept that indicates the degree of pathogenity, i.e., the toxicity of bacterial products  
 including exo- and endotoxins
• The invasiveness of the micro-organisms
• Speed of multiplication and spread in the host despite the immune system
• The number of micro-organisms that have been inoculated 

Factors attributed to the host are:

• Homeostasis: a mechanism that regulates the internal environment of the body. Homeostasis not only differs  
 from individual to individual (for example, due to condition, organ function), but also between the various   
 tissues (dependence on circulation, for instance).
• The immunological status of the host. This is a strong indicator for the degree of phagocytosis.
• The local condition of the wound. In general, wounds with significant tissue damage, such as large wounds,  
 deep wounds and contusions, become infected more easily. The presence of contaminated foreign bodies,  
 including certain suture material, will increase the chance of wound infection.

7.4.2 Types of Wound Infection

7.4.2.1 Pyogenic (Purulent) Infection

Pyogenic infections are caused by micro-organisms that have a chemotactic effect on leukocytes, leading to the subsequent 
release of products of lysed cells. Certain breakdown products from proteins and nucleic acids, carbohydrates such as 
arabinose, fructose, glucose and products from (especially) Gram-negative bacteria of the phospholipidpolysaccharide 
complex play a role in chemotaxis. Depending on the type of animal, bacterial species, virulence, toxin concentration and 
tissue, inflammation occurs where no leukocytes, a moderate amount, or many leukocytes migrate from the capillaries. 
Especially in mixed bacterial infections, it is also important to realize that bacterial products with leukocyte chemotactic 
properties could interfere with this process. As long as the pH remains between 7.2 and 7.4, the neutrophilic leukocytes 
dominate in an acute process. Below a pH of 7.0, the number of leukocytes does not further increase; and at a pH of 6.5, 
all leukocytes die off. A chemotactic effect is exerted on the eosinophilic leukocytes by antigen-antibody complexes. The 
basophilic leukocytes (and mast cells) are attracted if tissue damage occurs. During lysis of these cells, intracytoplasmic 
granules are released that contain proteolytic enzymes, heparin and histamine. 
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The most important bacterial species in pyogenic infections 
are Gram-negative bacteria, such as E. coli, Pseudomonas 
aeruginosa, Proteus species, salmonellae, Fusobacterium 
necrophorum, and also Gram positive bacteria, such as 
staphylococci and virulent streptococci. In the cow, wound 
infections are often caused by Actinomyces pyogenes. 
An abscess is a pyogenic infection where pus (exudate, 
neutrophilic granulocytes and liquefied tissue) is collected 
in a cavity, around which a capsule can form at a later stage. 
The cavity can also form through the collection of wound 
fluid (seroma) or blood (hematoma) (Figure 21). If purulent 
discharge is collected in a natural cavity (for example a 
maxillary sinus), this is referred to as empyema.

Figure 21. A subcutaneous seroma has formed at the 
location of the abdominal ovariectomy incision in a cat.

7.4.2.2 Putrid Infections

The term putrid infection refers to mixed infections with tissue-destructive bacteria. Bacteria such as E. coli, Proteus 
species, anaerobic fusiforms, anaerobic Gram positive (such as Corynebacterium pyogenes) and cocci, both aerobic and 
anaerobic, can play a role in this. Abscess formation occurs easily, and gas is often present in the abscess due to the 
presence of gas-forming micro-organisms. If the abscess contains virulent gas-producing bacilli, this is referred to as a gas 
abscess. The exudate of putrid infections is liquid, odorous and often hemorrhagic; signs often associated with necrotic 
tissue. The color of the exudate varies from grey to chocolate brown (Figure 22). Toxemia can easily occur as a result of the 
formation of toxins. Sapremia (a septicemia caused by rotting bacteria) is a serious complication in this type of infection.

Phlegmon is an acute, exudative inflammation in loosely 
connected connective tissue. The edges of the inflammation 
are poorly defined, and the infection spreads easily. The 
phlegmonous exudate can be serous, purulent or putrid, 
and gas can also be observed. The formation of gas in 
a phlegmon is dependent on the micro-organism(s) 
that caused it. Just as in most exudative inflammations, 
phlegmon can be the result of an infection (usually a small 
wound) or of tissue-irritating substances. In the latter case, 
an aseptic inflammation can occur. Phlegmons develop 
rapidly and are often associated with enlarged local lymph 
nodes. Clinical signs are determined by the localization. 
Lameness, for instance, is caused by an interdigital 
phlegmon (bovine foot rot, caused by F. necrophorum and 
the “Einschuss” (cellulitis of the extremity of a horse). 

Figure 22. A typical abscess in the neck of a dog with 
purulent exudate.

Phlegmon can result in:

• A full resolution of clinical signs; in other words, the complete resorption of the inflammation 
• Phlegmon in combination with an abscess, i.e., abscess formation in the area of the phlegmon
• Necrotizing phlegmon, i.e., necrosis formation if extensive tissue necrosis has occurred
• Chronic phlegmon, in which new formation of connective tissue occurs and circulatory disorders may result,  
 potentially leading to edema. Edema can result in the development of elephantiasis, which can be seen in the  
 extremities of horses as the result of chronic recurring cellulitis. 
• Systemic clinical signs can also occur in a phlegmon caused by toxemia and septicemia 
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7.4.2.3 Anaerobic Infections

Gas edema (malignant gas gangrene) is an example of a serous or serous-hemorrhagic inflammatory process caused by 
spore-forming anaerobic bacteria, such as Clostridium perfringens, Cl. septicum, and Cl. novi. Exotoxins of these micro-
organisms include proteinase, lecithinase, collagenase and hyaluronidase, amongst others. These micro-organisms are 
capable of dissolving connective tissue elements, such as lipid-protein mucopolysaccharides. A characteristic serous 
hemorrhagic inflammation of the subcutis, musculature, submucosa and mucous membranes occurs as a result of the 
effects on capillary walls and the interstitial tissue. Gas edema is further characterized by the presence of gas within the 
edematous tissues. The gas is produced by anaerobic spore-forming micro-organisms, and consists of H2, CO2, N2 or CH4. 
Gas edema often expands rapidly, and serious toxemia can result, which may cause serious illness (anorexia, shortness of 
breath, agitation, sweating) and sudden death. 

Clostridium tetani is an anaerobe, Gram positive, spore-forming micro-organism that causes toxemia, but usually minimal 
tissue decay. The toxins of this micro-organism infiltrate the central nervous system and can transport themselves via 
peripheral nerves and lymph/blood vessels. The tetanus bacillus originates as a spore in the host and can be present 
in the body for more than 3.5 months without clinical signs. Changing circumstances, such as a decrease of aerobic 
conditions caused by the nature of the tissue damage, create an environment that makes it possible for the micro-
organism to develop. Partly because the incubation period and the moment that toxin production begins are often 
unknown, the time between the entry of the micro-organism and toxin production can vary greatly. Preventive treatment 
against possible infection with tetanus bacilli in a sensitive animal consists of the administration of a toxoid combined 
with antibiotics. The use of a proper dosage is of the utmost importance here, as it has been shown that an underdosage 
of antibiotics can stimulate the development of tetanus bacilli. Equally important is the duration of the antibiotic course, 
which should exceed two weeks, because the formation of antitoxin can be slow and Cl. tetani can be present in the host 
without being detectable. Due to their greater susceptibility to this specific infection, it is recommended that horses and 
humans be vaccinated against tetanus.

7.4.2.4 Specific or Chronic-Proliferative, Inflammatory Processes

Examples of specific infections characterized by a chronic, proliferative inflammatory process with abscessation and 
fistulation include actinomycosis, nocardiosis and actinobacillosis. This type of infection frequently requires a combined 
surgical/medicinal (antibiotic) treatment. Extended treatment protocols with antibiotics are often necessary to 
eradicate the disease completely.

7.4.3 Treatment of Wound Infections

In the treatment of wound infections, consideration must be given to the seriousness of the infection (cause, extent, 
localization and consequence for the patient) and the stage of the inflammatory process (acute, chronic). Antibiotics 
and other chemotherapeutic agents play an important role in the treatment of infections, yet their use is not always 
indicated. It is possible that in a large necrotic wound with poor circulation and/or enclosure of the tissue, the 
inflammatory response has been suppressed limiting the healing process. It is also possible that because of the 
occurrence of incomplete resorption and/or organization, a full demarcation does not develop. 

Inflammation can become chronic under the influence of antibiotic or any other systemic treatment, because of the 
existence of a balance between the causative organism and its host. This is a common feature of chronic abscesses. 
Additional local therapies should be used in these localized wound infections to create a favorable wound condition 
including for instance drainage. Sometimes it is necessary in large animals to allow the abscess to ‘ripen’ by treating the 
abscessed area with certain ointments (bay leaf, resolvent ointment) or with damp, warm bandages (such as a Priessnitz 
bandage). 
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After opening the abscess by incision, it should be irrigated with a sterile solution, including saline, LRS or an antiseptic 
that causes minimal tissue damage (such as Betadine® 0.1%, Prontosan or Chlorhexidine 0.05%). 
The abscess can be kept open during drainage through the placement of an open (Penrose®) or other closed type of 
drain. If anaerobic infections are suspected, the abscess must be opened so that oxygen can permeate. This can also be 
achieved through oxygen insufflation. In phlegmonous processes, the irrigation of the abscess is sometimes omitted 
because of the fear of bacterial spread into the loosely connected subcutis.

For local processes, antiphlogistic (countering inflammation, poultice) measures (such as rinsing with cold water) can be 
helpful. Antibiotics are often indicated along with other medications, such as tetanus antiserum injections, NSAIDs and 
tranquilizers. Antibiotic therapy is necessary in serious infections where sepsis is likely to occur. The choice of antibiotic 
should ideally be based on bacteriological culture and sensitivity testing, including an antibiogram.

7.4.4 Other Wound Healing Problems

7.4.4.1 Foreign Bodies (Corpora Aliena)

Penetrating foreign bodies may be left behind in the wound. In general, infection occurs in wounds contaminated with 
a foreign body (Figure 23). If there is no infection present, a rejection of the foreign body will occur, unless it is inert 
or sterile (for example suture material, osteosynthetic material, etc.). The inflammation caused by the foreign body 
frequently leads to abscess formation, followed by a fistula formation that does not close. Only after removal of the 
foreign object will healing take place. Infected braided, nonabsorbable suture material may also be considered a foreign 
object and often causes a local abscess and chronic fistulous tract.

Figure 23 a and b. A typical foreign body (grass awn) retrieved from an abscess in a dog located in the neck area.

7.4.4.2 Subcutaneous Emphysema

Subcutaneous emphysema can sometimes occur in wounds in moving body parts close to the area of the trunk through 
the so-called ‘valve effect’. This is also observed after a laparotomy, especially in ruminants, after extensive internal 
manipulation. In these cases, intra-abdominal air is pressed into the subcutis through the incision. Generally, this is not a 
problem as resorption occurs quickly. In serious subcutaneous distension, however, intervention is necessary to alleviate 
the signs and symptoms associated with the superfluous air. Tracheal trauma, for instance caused by an overinflated 
cuff of an anesthesia tube, creates massive emphysema in the neck area. This can cause dyspnea due to laryngeal and 
tracheal pressure.
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7.4.5 Dehiscence of Sutured Wounds

Dehiscence of sutured wounds is caused by the loosening of sutures through:

• A slipped knot
• Rupture of the suture material
• Necrosis of the wound edge through excessive tension or suture material that is too tightly knotted
• Excessive wound swelling
• Subdermal collection of wound secretion or blood

The above-mentioned causes usually result in a wound that is either partially or completely open and will heal by second 
intention or is closed by delayed primary or secondary closure.

7.4.6 Disruptions to Secondary Wound Healing (Chronic Wounds)

7.4.6.1 Hypertrophy of Granulation Tissue

The expansion of granulation tissue should stop as soon as the level of the surrounding skin has been reached. There are 
circumstances in which this does not occur and where the growth continues, in which case a granuloma (hypertrophic 
granulation tissue) occurs. This phenomenon occurs primarily in wounds on the distal portion of the extremities in large 
animals and is one of the most common wound healing problems in these animals (Figure 24).

One of the causative factors in the developments of a granuloma is chronic irritation, for example:

• Too much movement of the wound area (e.g., at the bending surface of joints)
• Movement of tendons or muscles below the wound
• Periostitis/periosteal reaction with new bone formation
• A long demarcation process of damaged tissue deep in the wound, such as sequestration of the bone, which   
 causes crater-like granulation tissue granulomas

Figure 24. Examples of hypertrophic granulation tissue in a wound on a limb of a horse.

a b c
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External factors are also involved, such as continued irritation of the granulation tissue through biting, licking or tearing. 
An improper wound treatment with irritating agents can also be a factor. 

Treatment of a granuloma should focus on removing the cause of its formation in the first instance. After removal of the 
granuloma, one can expect a long period of wound contraction and guiding the epithelialization process over the lesion. 
This period can be markedly decreased through use of skin grafting techniques. Before grafts can be used, the area must 
be free of infection and must be easily immobilized in order to allow the graft to heal. 

7.4.6.2 Hypogranulation 

Hypogranulation or insufficient formation of granulation tissue is uncommon, and the cause is often not clear. Old age, 
poor general condition and possible underlying disease processes (such as diabetes mellitus and Cushing’s disease) can 
play a role. Attention should be paid to these general conditions in the treatment of hypogranulation. Cats are prone to 
developing hypogranulation and indolent skin ulcers (non-healing skin lesions). 

7.4.6.3 Ulceration

An ulcer (ulcus) is an epithelial defect that heals poorly or 
not at all (indolent ulcer) with inflammatory symptoms. The 
bottom of the ulcer is covered by granulation tissue of poor 
quality. Ulceration is caused by inadequate circulation as a 
result of decubitus (chronic pressure), denervation, specific 
infections and tumors (Figure 25). Healing occurs only 
when the primary causes are alleviated. Areas in which bony 
structures are located in close proximity to the skin tend to 
develop decubital ulcers (or pressure ulcers). Corneal ulcers 
are another example of indolent ulcer. Figure 25. A skin ulcer in the cat caused by a tumorous 

process. This specific ulcer has been present for 3 
months despite aggressive therapy.

7.4.6.4 Fistula Formation

Fistula formation is defined as an unnatural tubular connection with the external environment from an abnormal 
process under the superficial layer of skin or mucosa. The most common type is the inflammatory fistula (also termed 
a sinus), which is the result of a foreign body (infected suture material, gauzes, etc.) or necrotic tissue (such as a bone 
sequester). The wall of the fistula is covered with granulation tissue and usually old, smooth connective tissue. The 
fistula sometimes runs in an irregular manner through the tissue layers. Treatment should be focused on the removal of 
the cause of the fistula. Organ fistulas can develop as the result of an outside force (trauma) or they can be congenital. 
Examples of this type of fistula are persisting urachus and rectovaginal fistulae.

7.4.6.5 Disturbances in Epithelialization and Remodeling

Delayed epithelialization can be observed if the underlying layer does not support epithelial cell growth. Poorly 
vascularized or infected granulation tissue therefore causes disruption of epithelialization. Large defects often have poor 
vascularity, causing local edema. Regular movement in combination with hydrotherapy can help improve circulation, 
reduce the edema and advance wound healing.
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A keloid can occur in the dermal tissue through hypertrophy of the scar tissue. The epidermis is raised and, through lack 
of nutrition in combination with excoriations, begins to ulcerate. Hair shafts, sebaceous glands and sweat glands are 
generally not present in the keloid. In humans, keloids are primarily observed after burn wounds. Keloids are hard and 
stiff to the touch due to the presence of strong collagen strands and the absence of elastic fibers.

Metaplasia (an abnormal change in the nature of the tissue) can develop in normal or healing tissue; for example, 
prostatic metaplasia under the influence of female hormones (estrogens).

Sometimes bony or cartilaginous metaplasia will develop in scar tissue – this is often seen in pigs.

7.5 Principles of Wound Reconstruction

7.5.1 Introduction

Smaller wounds can be closed directly using either primary closure or simple skin reconstruction techniques that 
mobilize skin from the direct adjacent skin. Multiple techniques are available for closure of wounds in the various 
anatomical regions. If defects are of such form and size that direct closure of the wound is impossible, reconstructive 
surgery may be needed to cover the defect effectively. The most important principle here is to close the wound without 
tension on the sutured wound. Using reconstruction techniques, skin is mobilized by freeing up one or more wound edges 
or by moving skin from a distant area. If located close to the wound, loosening the attachment of the skin from the layer 
beneath enables moving the skin from the donor site and suturing it to the recipient site. If the skin is still attached to 
the donor site, we speak about flaps. If the skin is mobilized from a distant site and completely freed from the donor site, 
we talk about skin grafts. Additionally, a variation of releasing incisions can be made next to the wound. The skin is then 
mobilized between the wound and the releasing incision, after which the original defect can be closed without too much 
tension. The smaller releasing incision wounds created on both sides of the original wound are either allowed to heal by 
second intention or closed primarily.

7.5.2 Reconstruction Using Skin Flaps

For as many skin defects that exist, there are almost as many specific skin flaps, most of which can be found in the 
surgical textbooks.  Skin flaps can be directly associated with the wound or indirectly, where skin is transposed from 
one area to the wound area (transposition flap). The skin of these flaps normally have a blood supply from the base of 
the flap (direct flaps). To cover big defects, one can use a skin flap that is based on a dominant artery (axial pattern or 
pedicle flaps). A pedicle flap is a reconstruction technique where a flap is partially prepared free from a distant site and is 
sutured onto the recipient defect at a different location on the body. 

This method is only applied in human and companion animal medicine. The pedicle skin flap retains its own original blood 
supply via the pedicle. The advantage of these flaps is that the vessel guarantees survival of the flap even though its base 
may be narrow compared to its length. The caudal superficial epigastric axial pattern flap is an excellent example.

A step-by-step atlas illustrating all currently available reconstructive surgical techniques in dogs and cats is available.
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7.5.3 Reconstruction Using Skin Grafts

Skin graft transplantation techniques can be used for large defects where skin flaps are not a viable option (for 
instance in equine wounds). Large skin defects or granulating wound surfaces can be covered using skin transplantation 
techniques using autografts. These free skin grafts are obtained by completely removing a part of skin from the donor 
location and transfer them to the recipient location (Figure 26).

Because there is no longer a connection between the transplant and the location of origin, the transplant must receive 
nutrition by wound surface diffusion for the first few days (plasmatic imbibition). The thinner the transplant, the better 
the diffusion occurs. Ingrowth of capillaries out of the wound bed will supply the transplant with blood and nutrients 
after a few days. In order for a free transplant to take, the wound area must be free of infection and there should be 
no movement between the wound bed and the transplant for the first couple of days. Movement will delay or hinder 
capillary reattachment. 

Mesh grafts should be considered in patients where large defects need to be closed. The open structure of the mesh 
allows good drainage of secretions and minimizes the amount of donor-skin required. In human medicine, this type of 
transplant is often used in burn wounds, sometimes preceded by a temporary cover of a prepared heterotransplantation 
(tissue from another species, or xenograft) or artificial skin. 

Figure 26. A free full thickness skin graft on the distal 
leg of a cat.

Mesh grafts can be performed in two ways:

• Whole patches of skin using the Wolfe-Krause   
 grafting technique (full-thickness skin graft   
 without any subcutaneous fat). This method   
 results in a good cosmetic effect, but the chance  
 of attachment is reduced as the diffusion and  
 vessel ingrowth from the wound bed may not be  
 sufficient. It is important to remove as much fat  
 tissue from the graft as possible to improve the  
 ‘take’ (acceptance) of the graft. 

• Thiersch’s graft: epidermal patches of  
 approximately 0.5 mm thick (split-thickness   
 skin graft) are harvested using a special instrument  
 (dermatome) from a distant location (often the  
 abdomen or thigh) and transferred to the   
 transplant location (Figure 27). Suturing the flap  
 can prevent the graft from moving but may   
 actually damage the graft or cause bleeding of the  
 recipient area. A proper bandage will promote  
 healing and protect the affected area. The   
 re-epithelialization of the donor area after skin  
 grafting using a dermatome generally proceeds  
 unproblematically.

Figure 27. A dermatome is used in a horse to harvest 
skin.
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A variation of mesh grafting is punch or stamp grafts. These grafts are small pieces of skin that are transplanted 
individually. 

• The punch graft or Meek transplant (varied size skin transplants) is the most commonly used variation of   
 individual grafts (Figure 28).
• Small stamp-sized grafts, using the Reverdin method (pinch graft technique) are used in large animals and   
 are normally not sutured. The likelihood of take is greater than in the Wolfe-Krause method (where large parts  
 of intact free skin are used) but the cosmetic effect is less desirable.
• Small patches of skin (approximately 2 x 2 mm, punch grafts) can be placed in the granulation tissue bed  
 using the Braun transplantation technique. This type of graft is versatile and can be used for wounds with  
 lots of movement. A disadvantage of this method is that, after healing, hair growth is erratic (not all in the  
 same direction) and can appear rumpled.

The alternative to autografts is homotransplants or allografts (coming from another individual from the same species). 
Often, they are not incorporated by the recipient but can be used as a temporary biological bandage in processed form. 
Tissue from a different species (like pork or fish skin) is called a xenograft.

Skin transplantations should be covered with non-stick absorbent gauze (such as Cuticerin® or Telfa®) before applying 
the rest of the bandage to prevent sticking of the wound upon removal of the bandage. As an alternative, negative 
pressure therapy may improve the take of the graft.

Adequate rest of the wound area is often not easily achieved and poses a real problem to stability of the transplant, 
making transplantations in active animals less useful. This should not be a deterrent in performing the transplant, 
however, as the cosmetic results are often very good. A stimulating effect of the graft in the wound encourages wound 
healing, contraction and epithelialization. 

Figure 28. A punch graft (or a skin transplantation according to Meek) uses detached pieces of skin in contrast to 
a mesh graft.

a b
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8.1 Introduction 

A fracture is by definition a disruption of the continuity of bone or cartilage. Fractures occur quite regularly in companion 
animals and less frequently in horses and farm animals. Before considering first aid (triage) and either a conservative or 
surgical treatment of a fracture, it is essential to know the basic concepts of fracture healing.

8.2 Causes of Fractures 

8.2.1 Traumatic Fractures

Trauma is the primary cause of fractures, which occur when the capacity of bone to withstand a mechanical load is 
surpassed. It is important to clearly differentiate external from internal trauma. External trauma is the result of external 
forces working inwardly on a bone. In companion animals, most fractures occur as the result of motor vehicle accidents 
(‘HBC’: hit by car), while the remaining instances are caused by falling from a height, from bite or gunshot wounds and 
other related causes. In birds, fractures mostly occur in the humerus, radius and ulna as the result of collision while 
flying. Fractures of the tibiotarsal region in birds are typically seen in restraining accidents involving metal bird cages. In 
horses and farm animals, most trauma results from
 

• Kicking accidents
• Slipping whilst mounting
• Accidentally falling after a jump
• During limb rotation when stepping into a ditch
• From running into a motor vehicle (for instance on highway when broken loose) or into a tractor  
 (at farm: for instance, cow with head through feeding gate) 

Internal trauma pertains to a force which is usually from the animal itself during acute and violent muscle contractions; 
for example, when a stallion was inadequately sedated during castration and resists with its limbs shackled. Compression 
fractures of the vertebrae can be the result of an immediate, powerful, and usually uncoordinated extension of the 
spinal column. In horses, these fractures incidentally occur from excitation during recovery from general anesthesia. In 
rabbits, these types of back injuries can also occur from an improper restraining activity, and thus are in fact also a form 
of internal trauma. Another example of internal trauma is the so-called stress fracture, which in humans most frequently 
occurs after a long march (‘marching fracture’ of the second or third metatarsal bone in the foot). This could be referred 
to as being the result of “internal material fatigue”. In horses, these stress fractures are almost exclusively occurring in 
(Thoroughbred) racehorses and (Standardbred) trotters, usually in one of their metacarpal bones (McIII, splint bones), 
and -not surprisingly- often during high-speed/high-intensity training activities. Avulsion fractures in young dogs (for 
example of the tibial tuberosity) can also be regarded as internal trauma in some cases when they are encountering 
unusual, extreme, and other challenging locomotor events.

8.2.2 Pathological Fractures

Fractures can also occur secondarily to pathological processes, which initially can present themselves as local 
abnormalities such as bone tumors or osteomyelitis (e.g., fungal or bacterial). Generalized skeletal disorders (secondary 
alimentary hyperparathyroidism, or renal osteodystrophy, and others) can lead to osteoporosis and thus can also result 
in pathological compression fractures for example of the metaphysis and vertebrae, or in a so-called greenstick (folding) 
fracture of the diaphysis in young, growing animals. Compression fractures of the thoracic and lumbar vertebrae are well-
known in humans, especially in older women where age-related osteoporosis can result in a progressive kyphosis of the 
back. In these patients, a physiologic load on the bone can lead to spontaneous pathologic vertebral fractures. In horses, 
a fracture of the navicular bone in the process of a severe form of podotrochleosis can also be considered a “classical” 
form of a pathological fracture.
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8.3 Symptoms of Fractures

Abnormal limb positioning, abnormal gait or loss of limb function (‘3-legged lame’) usually are the initial and most 
obvious symptoms of a fracture in one of the extremities, but abnormal positioning and function loss can also be 
present in skull, maxilla or mandible fractures. In case of a vertebral fracture, the severity of neurological clinical signs 
resulting from secondary injuries to the spinal cord play a much more important role during the process of triage. 
Obviously, the animal will show clear signs of pain sensation and discomfort, as a result of the mechanical irritation of 
pain receptors in the bony fragments, of the periosteal and endosteal inflammation and from the release of other, more 
general inflammatory mediators. The swelling noted at the start of the physical examination, usually is primarily the 
result of the initial, trauma-related vessel ruptures (or hematoma), and secondarily from the inflammatory edematous 
response; in a later stage this is possibly also exacerbated by the defective venous return circulation. The typical, so 
called ‘crepitus’ sound and sensation as encountered during the in-depth clinical examination, is coming from the bony 
fragments contacting each other during passive movement. This crepitus phenomenon can (initially/partially) be absent 
if compacted in a hematoma and/or severely swollen muscle mass (femur fracture), when muscles or ligaments are 
interposed between the fractured bone ends, or in older fractures when incorporation into a fibrous tissue mass already 
has taken place. In large animals, symptoms can also be camouflaged when the fracture is located in hoof or claw (coffin 
or navicular bone fracture). In addition to the damage to the bony structures, the soft tissues, including blood vessels, 
nerves, muscles and tendons, may also be severely injured and thus can become an essential part for determining the 
final prognosis. If the skin and soft tissues have been perforated, the bone is exposed to the environment and then the 
fracture is referred to as being open or compound. An open fracture is always ‘contaminated’ and, depending on the 
time elapsed after the initial trauma, after > 4-6 hours (‘golden period’) the fracture would become classified as being 
‘infected’. 

8.4 Clinical Diagnosis of Fractures

It is extremely important to realize during the clinical diagnostic work-up of an animal suspected of a fracture, that one 
is confronted with a traumatized animal in which in the first place the life-threatening conditions must be accurately 
treated and thus the animal adequately stabilized (triage) before any fracture repair. 
The process of diagnosing a fracture occurs via:

a) Signalment and anamnesis (medical case history)

b) Clinical examination:
• Inspection (at rest and at walk)
• Palpation (including a rectal examination if indicated)
• Percussion (fingers or soft percussion hammer or Riester Taylor percussion hammer)
• Auscultation (hear crepitation / stethoscope)
• Passive movement (feel crepitation at slow walk)

c) Advanced examination using various imaging techniques, including (mobile) digital radiography, ultrasound (US), 
scintigraphy, computer tomography (CT), and magnetic resonance imaging (MRI)

The following, essential facts should be recorded at first from the (telephonic) anamnesis:
• Time elapsed between accident and report/examination
• Nature of the trauma (HBC/SA: multiple: kick/LA: singular)
• Whether or not the animal is still able to walk (SA: other fractures and/or neurological injuries can be present   
 simultaneously; LA: supply and apply cast / possibility of transportation to clinic)
• Open vs closed trauma (SA: protective bandage; LA: poorer prognosis in open fractures)  
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In the case of brain trauma, it is important to know if the animal has lost consciousness and if so, for how long. In 
addition, it is important to assess the amount of (external/internal) blood loss for an adequate shock treatment. In the 
assessment of the general condition of the patient, attention must at first be given to the circulatory and respiratory 
systems: pulse, mucous membranes, respiration, peripheral temperature and examination of the thorax (hemothorax, 
pneumothorax) and abdomen (rupture of the bladder, liver and spleen trauma, etc.). Especially in small animals hit by a 
car, multiple fractures might be present at different locations. 
In large animals, the impact of the trauma is usually limited to the location of the fracture. However, passive movement 
in large animals can be problematic because of their large body weight and should then be focused on detecting 
crepitation (use a stethoscope!). The radiographical examination can be done in the field using mobile equipment in 
large animals, but this technique is limited for example in cases suspected of back or pelvic fractures (in endurance race: 
jumping accident or post partem: downer cow) if adequate powerful equipment is not readily available.

8.5 Classification of Fractures

Fractures are classified according to the following criteria: open versus closed, the localization of the fracture, 
morphology of the fracture and type of dislocation. 

8.5.1 Open Versus Closed Fractures

In a closed fracture, the skin and/or mucous membranes have remained intact. An open fracture is characterized by an 
open connection to the fractured bone through the skin and the surrounding soft tissues. The classification of an open 
fracture is as follows:

• Grade I – fracture with a secondary perforation of the skin/mucous membranes by the fracture ends, 
• Grade II – fracture with considerable damage to the surrounding soft tissues caused by the external trauma and  
 thus a primary perforation of skin/mucous membranes,
• Grade III – fracture caused by severe trauma with a defective loss of skin, mucous membranes, surrounding soft   
 tissues and possibly bony fragments

In general, the prognosis will be negatively influenced when a fracture already is (primarily) or becomes (secondary) 
open; in contrast to SA this complication could be more definitive for LA indicating that no treatment will be initiated 
anymore. A Grade I open fracture would have a better prognosis than a Grade III. The grading of an open fracture is also 
essential for the selection of the most appropriate type of osteosynthesis (external instead of internal fixation).
A further classification of a fracture is done on the basis of advanced examination using diagnostic imaging; usually 
that will at least be radiography. Without a proper radiographic examination, it is not possible to adequately assess a 
fracture with respect to localization, type and dislocation. A radiographic examination in at least two directions and 
perpendicular to each other is essential to thoroughly evaluate the fracture for example for preoperative treatment 
planning. In selected, more drastic cases, a single direction can be used for an initial screening and/or a confirmative 
overview of the fracture (comminuted, intra-articular) for client communication purposes.
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8.5.2 Localization of Fractures

In a long bone, the following fracture localizations can be diagnosed usually after a 
radiographic examination (Figure 1):

1. Epiphysial fracture
2. Metaphyseal fracture
3. Diaphyseal fracture
4. Intra-articular fracture
5. Growth plate (Salter Harris type) fracture  
 (including epi- or apo-physeal fracture)

A fracture can also occur in conjunction with a (sub-)luxation of a joint (for example 
in the elbow, carpus and tarsus in the dog or cat); in case of a luxation in contrast to 
a subluxation, there is no contact anymore between the adjacent joint surfaces. The 
(sub-/luxated) distal part usually determines the direction of the dislocation.

Figure 1. Schematic 
representation of the 
anatomical localization 
of a fracture. 
(1. Epiphysial fracture; 
2. Apophyseal fracture; 
3. Metaphyseal fracture; 
4. Diaphyseal fracture; 
5. Intra-articular fracture)

8.5.3 Morphology of Fractures

Long bone fractures are usually classified as follows (Figure 2):

1. Simple fractures. These can be further categorized into:
a. Transverse fractures (the angle between the fracture line and the longitudinal axis of the fractured   

 bone is more than 60 degrees)
b. Oblique fractures (the angle between the fracture line and the longitudinal axis of the fractured bone   

 is less than 60 degrees)
c. Spiral fractures
d. Longitudinal fractures

2. Multifragmental fractures with more than 2 fracture segments. These fractures include:
a. Comminuted fractures (including the butterfly fracture) with multiple fragments, but where the   

 fracture lines meet at one point in the fractured bone
b. Segmental or multiple fractures, in which two or more simple fractures are present at different levels   

 in the bone. The fracture lines do not meet.

Additional fracture types are:

1. Compression fracture (crushed bone appearance)
2. Avulsion fracture  
 (tendon or ligament detaches from the bone) 
3. Chip or slab fracture  
 (small rounded or transverse fragment)
4. Incomplete fracture, including:

a. Infraction fracture (incomplete fractured  
 cortex or skull bone)

b. Defect fracture (loss of fractured cortex)
c. Greenstick fracture  

 (appearing as folding fracture)
d. Fissure (fracture line in only one cortex) Figure 2. Morphologic classification of fractures.
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8.5.4 Dislocation of Fractures 

When the continuity of the bone is interrupted, the fracture ends can easily become dislocated. The degree of dislocation 
can be classified as follows:

1. No dislocation to almost no dislocation
2. Dislocation with contact between the fracture ends
3. Dislocation without contact between the fracture ends

Using this system of classification, the essential elements of a fracture can be described, for example: a closed, 
diaphyseal, comminuted femur fracture with minimal dislocation and one chip fragment. An accurate classification 
of fractures is important to decide on the therapeutic (conservative vs surgical) options, and to provide an adequate 
prognosis and cost estimation to the owner and eventually the insurance company involved.

8.5.5 Fractures of the Growth Plate

8.5.5.1 Introduction

Fractures of the growth plate in young animals require special attention. In the growth plates the longitudinal growth 
of the long bones takes place via the process of endochondral ossification. In the endochondral bone formation process, 
bone is produced on a cartilaginous precursor. In this layer, chondroblasts are recruited for the proliferation zone, which 
is characterized by cell division in a palisade arrangement. The subsequent zone is the hypertrophic zone, which is 
characterized by hypertrophy of the cartilage cells. The material between these cells is mineralized in the calcification 
zone. Vessel buds grow into the calcification zone from the metaphysis and osteoid, and thus a bone matrix is deposited. 
This bone matrix is concurrently mineralized with hydroxyapatite in the ossification zone. Through continuous division, 
hypertrophy, degeneration, mineralization and ossification of the chondrocyte column, new bone is formed on the 
metaphyseal side. 

Growth plates can anatomically be subdivided into an epiphyseal or an apophyseal physis. An epiphyseal growth 
plate is mainly loaded in compression, while the apophyseal growth plate is mainly loaded in tension. The germinative 
layer, essential for longitudinal growth, is located on the epi- or apophyseal side, while mineralization of the newly 
formed osteoid is located on the metaphyseal side. The growth plate is at its weakest in the hypertrophic zone before 
the calcification of the interstitial matrix has taken place. Growth plate fractures therefore occur most often in this 
zone before the growth plates have closed. In most companion animals, the growth plates are functionally closed by 
the age of 12 months, but in large breed animals in the proximal bones (humerus, scapula, vertebrae, pelvis, femur), 
radiographically, this can be delayed. In theory, fractures of all apo- and epiphyseal growth plates can occur.  
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8.5.5.2 Classification

Fractures of the growth plate are usually classified according to their anatomical location using the Salter-Harris (S-H) 
system. The original S-H classification (1963) consists of the following five types (Figure 3): 

• Type I – Fracture through the growth plate and parallel to the epiphysis
• Type II – Fracture through the growth plate, parallel to the epiphysis and through the metaphysis
• Type III – Fracture through the growth plate, parallel to the epiphysis and through the epiphysis  
 (intra-articular fracture)
• Type IV – Fracture through the metaphysis and epiphysis, which crosses the growth plate  
 (intra-articular fracture)
• Type V – Compression injury of the germinative layer of the complete growth plate or part of the growth plate 
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8.5.5.3 Diagnosing Growth Plate Fractures

Like with regular long bone fractures, growth plate fractures are also diagnosed on the basis of a routine clinical 
orthopedic examination. Abnormal axial alignment and range of motion, loss of function and severe lameness, swelling, 
obvious pain and discomfort are the most common clinical signs. The differential diagnosis of a growth plate fracture is 
confirmed by radiography. The most optimal treatment should be determined based on the Salter-Harris classification, 
the age of the animal and remaining growth potential; in this respect the prognosis thus depends strongly on the 
integrity of the germinative layer of the growth plate.

Common growth plate fractures of the forelimb in companion animals include: 

• Proximal epiphysis of the humerus
• Distal epiphysis of the humerus; usually lateral condylar fracture (Type 3)
• Tuber olecrani (apophysis)
• Distal physis of the radius and of the ulna

Common growth plate fractures in companion animals that affect the hind limb include: 

• Femoral head epiphysis
• Distal epiphysis of the femur
• Tibial tuberosity (apophysis) and proximal epiphysis of the tibia
• Tuber calcanei (apophysis)

In horses and farm animals, growth plate fractures are usually encountered in the distal epiphysis of the metacarpal 
(McIII) and metatarsal (MtIII) bone, and incidentally in the proximal epiphysis (apophysis) of the ulna (tuber olecrani) 
and the distal epiphysis of the radius and femur, and the proximal epiphysis of the tibia, amongst others.
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Although the Salter-Harris classification (in addition to an 
anatomical categorization) also attempts to give a prognosis 
(where Type I is the most favorable and Type V the least 
favorable), the latter is not exactly possible under clinical 
circumstances. Type V injuries, which in the acute stage are 
not yet visible on a radiograph, can be simultaneously present 
in all of the other types, and could change the prognosis to 
a more negative when growth disturbances develop (Figure 
3). In later days (1969 and 1982) some people also named a 
Type VI, with an injury to the peripheral portion of the physis 
and a resultant bony bridge formation, which may produce 
an angular deformity; Type VII with injury of the epiphyseal 
plate and Type VIII of the metaphysis possibly impairing 
endochondral ossification, and Type IX of the periosteum 
possibly impairing intramembranous ossification.

Figure 3. Five common types of fractures of the 
growth plate.
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8.6 Fracture Healing

8.6.1 Introduction

Before describing the process of fracture healing under clinical circumstances, firstly the normal bone healing stages 
as they occur under optimal experimental conditions for bone formation will be described, also known as primary bone 
healing. These conditions are usually not met in the clinical situation, and a “spontaneous” or secondary bone healing 
will take place. In the clinical setting, bone healing usually progresses through a combination of primary and secondary 
bone formation. Along this line of discussion, the complications in bone healing will be addressed.

8.6.2 Primary Bone Healing

To give a good impression of the nature of bone healing under the best possible stable conditions, the process of bone 
formation in cortical drill holes can be used as a typical example. Ideally, this type of bone healing principally would show 
no osteoclastic resorption. Already within a few days after drilling new bone formation begins. After one week a layer of 
newly formed, approximately 30 nm thick osteoid covers the edge of the drill holes. In drill holes with a diameter smaller 
than 0.2 mm, the closing of the defect progresses through deposition of concentric layers of osteoid, thus forming a 
new osteon that runs perpendicular to the cortex. In drill holes with a diameter larger than 0.2 mm, the defect is filled 
with a network of trabeculae. Throughout this bony frame, the hole is subdivided into compartments with diameters 
comparable with the length of an osteon, which thereafter are filled concentrically with lamellar bone. The filling of 
defects with a diameter smaller than 1 mm is usually completed within four to five weeks. In the ideal situation, there 
is no initial bone resorption and primary bone tissue is formed without a precursor of connective tissue or cartilage. The 
healing of the defect is, however, not yet completed at this point. Reconstruction of the original form of osteons, which 
run parallel to the longitudinal axis of the diaphysis, must still occur. This is executed by remodeling of the Haversian 
system, which begins after six to seven weeks and, depending on the age of the patient, lasts approximately six months. 

In the clinical situation, when a transverse osteotomy in the radius of a dog is only stabilized with (buttress) plate 
osteosynthesis leaving a small gap, an almost identical type of bone healing can be found as in the primary bone 
healing described above. This is referred to as gap healing. In crevices of 0.15-0.30 mm, capillaries begin to invade 
the gap (periosteally and endosteally), followed by osteoblasts. Within a week the formation of osteoid begins on the 
surface of the fracture ends. Within three to four weeks, the crevice is filled with transversely running lamellar bone, 
and radiographically the line has disappeared, whereas the remodeling of the Haversian system again takes about six 
months. When the fracture segments are stabilized anatomically under (dynamic) compression, contact healing will 
occur. The direct formation of new Haversian systems is initiated, traversing the fracture line with concomitant bone 
resorption through osteoclasts and bone formation by osteoblasts. Contact healing is only achieved when stable fixation 
under compression is performed, resulting in a good reduction (i.e., no gap). Compression can be applied with the aid 
of a dynamic compression plate (DCP) and lag screw fixation. Pressure, as such, causes neither bone resorption nor 
necrosis of the bone; stability of the fracture area is essential for endosteal vascularization and thus (primary) healing 
of the bone. Movement of the fracture area can injure the developing blood vessels, resulting in a disrupted fracture 
healing. Lately, the so-called low contact (LC-DCP, LCP) plates have been developed to also preserve the periosteal 
vascularization.

Primary bone healing is, therefore, characterized by: 

• Direct bone formation without a cartilage or connective tissue precursor,
• Absence of (secondary) callus formation,
• Absence of bone resorption at the bone ends
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Primary fracture healing does not imply a quicker healing. In fact, primary bone healing, in general, takes longer to 
achieve a clinically effective and functional bone healing than secondary fracture healing, as no endosteal or periosteal 
stabilizing callus is formed during primary fracture healing; this callus formation substantially contributes to the stability 
of the fractured area of the bone. The significance for clinical application of primary bone healing lies in the location 
where peripheral callus must be avoided, especially in and around joints, epiphysis and metaphysis. Extensive callus 
formation in a diaphyseal fracture is often undesirable too, as, through this formation, muscles and tendons also become 
involved in the callus formation, which can interfere with complete return to function; in the horse, usually a return even 
to athletic function is often at the first, emotional instance requested by the owner. In the practical, clinical situation 
primary healing is principally strived for, but final healing usually is accomplished partially by gap healing and partially by 
contact healing, and also through secondary healing with callus formation. 

8.6.3 Secondary Bone Healing 

In “spontaneous” fracture healing, the so-called secondary bone formation occurs. This is characterized by an explosive 
cell proliferation and callus ‘bone scar’ formation along the periosteal and endosteal surfaces of the fracture ends; in this 
type of bone healing four stages can be distinguished.

1. The first phase of secondary fracture healing is the formation of a hematoma, with deposits of fibrin in the   
 fracture zone.
2. The second phase is characterized by cell proliferation in the form of outgrowth of fibroangioblastic tissue and   
 starts within 24 hours. Pluripotent cells located in the bone marrow, endosteum, periosteum and surrounding   
 soft tissues differentiate to fibroblasts, chondroblasts and osteoblasts. 
3. The third phase in the process of fracture healing is the formation of fibrous and cartilaginous callus, which   
 connects and stabilizes the fracture ends. The mineralization of the primary callus cannot initially be seen on   
 radiographic examination.
4. The fourth phase of mineralization begins with the deposition of hydroxyapatite at the periphery of the cortical  
 fracture ends, on both the periosteal as well as the endosteal sides.

Mineralization can usually be seen radiographically as early as 2-4 weeks after the bone has fractured. Subsequently, 
all cartilaginous callus is then replaced by living bone tissue in a process comparable with endochonchral ossification. If 
bone formation proceeds without any complications, bridging of the fracture zone with newly formed bone can be seen 
radiographically at 4-6 weeks. In the final phase, excessive callus is resorbed during the process of remodeling until the 
bone has smooth periosteal and endosteal contours. Then, finally the bone adapts to the physiological mechanical stress 
and largely adopts its original form again. The size of the callus is influenced by the degree of stabilization. After a rigid 
osteosynthesis, fractures can heal with only minimal callus formation (Table 1). The full process of fracture healing, 
including remodeling, lasts many months (3 to 24 months). 

During trauma to the bone, endosteal and periosteal stripping commonly will lead to devascularization of the bone 
segments. Almost every fracture has a zone of devascularized dead bone, which will eventually be resorbed by 
osteoclasts and replaced by vital bone. Fracture segments without vascularization can also be incorporated into the 
callus. This bone is replaced by living bone during the remodeling phase and called creeping substitution. Infected bone 
fragments, however, without vascularization can result in a so-called bone sequestrum, which usually is associated with 
the formation of fistulae or draining tracts from that particular location in the bone; when a sequestrum is preserved 
within the (cortical) bone for a longer time period a so called ‘Totenlade’ (in German) can be seen on the radiographs.
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In conclusion, the final outcome of the fracture healing process in clinical patients is highly determined by the amount of 
initial trauma to the soft tissues (open versus closed fractures), the preserved and restored blood supply to the fracture 
zone, the reduction of the fracture segments, the degree of fracture stabilization, and the age of the patient (Table 1).

Table 1. Guidelines for Healing Periods of Diaphyseal Fractures in Dogs
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Age

Less than 3 months

3-12 months

Adult

Compression Plate 

4 months

2-5 months

5-12 months

Secondary bone healing

2-3 weeks

4-8 weeks

7-12 weeks

8.6.4 Complications in Fracture Healing

When one of the above-mentioned, essential criteria of a sufficient vascularization, reduction and stabilization of the 
fracture zone are not met, healing of that fracture may be compromised. In general, the following three, closely related 
concepts in healing disturbances and aberrations can be encountered: 

1. Delayed union – The fracture does not heal within the expected time span (Table 1), yet showing a tendency of   
 progressive healing.
2. Non-union – Fracture healing does not show any progression and is not expected to occur without intervention.
3. Pseudarthrosis (false joint) – The ends of the fracture segments are unstable in relation to each other and allow  
 inappropriate motion in the fracture zone, thus resembling an abnormal joint. This is, in fact, the end stage of a  
 non-union. This situation should not be confused with a nearthrosis, where, after a luxation which is not   
 reduced, a new joint forms where formerly no joint was present (for example, after a hip luxation). 

 

8.6.4.1 Delayed Union

The differentiation of tissue in a delayed union corresponds directly with the classical description of spontaneous 
fracture healing. The major difference is the slow progression of bone formation. All stages of bone healing are delayed, 
and it takes much longer to progress from the formation of connective tissue and fibrocartilage to a proper bone 
formation. This can be attributed to a decreased or an insufficient blood supply and to mechanical forces still allowed to 
be acting on the fracture zone. Along the edges of the bone segments, a gradual replacement of the interfragmentary 
fibrocartilage by regular bone would take place, but this process takes longer than in normal fracture healing. 
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8.6.4.2 Non-Union

In a non-union, the formation of a bridging callus and mineralization does not further advance at all and in fact the 
fracture healing process has come to a complete stop. In the clinical setting, these non-unions obviously form a serious 
challenge for a return to a full function of that particular case. Therefore, whilst during fracture treatment it is of great 
importance to keep track of possible circumstances that can lead to this situation. With adequate technical skills and 
instrumentation non-unions can be avoided. Causes of non-unions can include:

a. Disruption of vascularization
b. Inadequate immobilization of the fracture with movement in the fracture zone
c. Inadequate reduction with space between the fracture ends
d. Juxtaposition of muscle, tendon or fascia between fracture segments
e. Periosteal or endosteal stripping
f. High degree of comminution (shattering)
g. Infection and possible sequestration

Systemic factors might also play a role in the onset of non-unions, for example: 

• Old age
• Hyperadrenocorticism (Cushing’s syndrome)
• Hypothyroidism
• Chronic renal insufficiency 

There are two types of non-unions: 

• Vascular: non-union with hypertrophically broadened fracture ends
• Avascular: non-union with resorption and atrophy of the fracture ends

 
In both of these forms of non-unions, subsequent radiographical examinations show a still clearly visible, opened 
fracture line and a closed medullary cavity. In vascular non-unions, the fracture ends are clearly broadened through 
extensive hypertrophic callus formation and are referred to as ‘an elephant foot’. In avascular non-unions, the fracture 
ends are characterized by resorption without any callus formation in the fracture zone.

Clinical symptoms of non-union include: 

• Abnormal movement of the fracture location that may or may not be painful
• No or limited functional use of the limb
• Progressive deformity
• Extensive muscle atrophy
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8.7 Fracture Treatment

8.7.1 Considerations Preceding the Treatment of Fractures

The goal of fracture treatment should ideally be a complete functional recovery of the affected limb with conservation 
of the anatomical form of the bone. Depending on the type of animal, location, fracture type and other factors, this goal 
cannot be reached in all instances. The technical possibilities on one hand and the expectations of the owner on the other 
hand, both play an important and essential role in the outcome of the fracture treatment and thus the final prognosis. 
Typical examples of those expectations range from the ability to be used again for full (dog: security; horse: performance) 
work to a full term of an existing pregnancy or only suitable for breeding (for example, semen collection). 

In companion animals, like dogs and cats, but in fact nowadays also in horses, the emotional value of the animal to the 
owner in combination with the (insurance) money to be spend is of primary concern in decision making in the treatment 
of a fracture. In contrast, in farm animals (such as cattle) decisions are usually made by the owner only regarding the 
financial benefits of a possible treatment outcome. If slaughter is still a preserved option that might occur at a later time 
due to failure of the treatment. It must be also emphasized that a considerable weight (i.e., meat) loss of the animal can 
occur; sometimes resulting in a total loss, because of possible antibiotic residue. Still, despite the relative higher costs and 
possible incomplete return to full function, many owners are still willing to provide their animals with the best available 
treatment. Nevertheless, it is highly advisable to impress the provided prognosis upon the owner in spite of the emotions 
of the moment; a signature of the owner under your written treatment plan would possibly prevent future claims of that 
owner when -despite your technical efforts- treatment is about to fail.
 
The following general parameters play an important role in determining the treatment options for fractures: 

• Location and type of fracture – In horses and farm animals, fractures can occur at anatomical locations for which  
 there are no realistic surgical treatment options, such as vertebral or pelvic fractures. Some fractures (femur and  
 humerus, for instance) may be so severely comminuted that treatment is not technically possible.
• Facilities – In addition to adequate knowledge, training and experience in treating fractures, the    
 following items are essential for an optimal success: 

• Strict hygiene rules and efficiently operating facilities 
• Up to date instruments and implants
• Modern anesthetic capabilities
• Mobile, digital radiographical equipment
• Highly trained and motivated team

In case a first opinion practice without these facilities is confronted with a surgical fracture patient, referral of these cases 
may then be the best option. This does not have to be a limiting factor in areas where there are an adequate number of 
specialized clinics available. In exceptional circumstances, it is not necessary for all the above-mentioned components 
to be present in optimal form, for example in case of a simple epiphyseal fracture of the distal metacarpus in a calf. This 
might be diagnosed by careful clinical examination, after which conservative treatment using a half limb cast can follow.

• Type of animal – Fractures that are easily treated in a dog can lead to major challenges in large animals, as these  
 animals always have to stand on four limbs. As nowadays, animals, like Shetland ponies, are being kept to an   
 older age, attention must be paid to a slower, possibly inadequate callus formation.
• Other factors – Extensive soft tissue trauma (e.g., a degloving injury of a distal limb) would reduce the prognosis  
 and would limit an optimal fracture treatment result.
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8.7.2 Reduction and Retention

The actual treatment of the fracture itself includes two stages: reduction of the fracture ends and retention of the bone 
segments; this would be in conjunction with adequately treating soft tissue damage. The reduction can be executed 
either closed or open (at the location of the fracture). The retention is the stabilization of the fracture ends using various 
techniques to accomplish this. In large animals, an adequate reduction can become challenging due to the large muscle 
masses surrounding the fractured bone. This is especially difficult in fractures that are already a few days old and thus 
would show intense contraction of the adjacent muscles that would counteract a simple correction of the encountered 
dislocation. In most instances then, the fracture area must be opened surgically. The necessary reduction can then be 
accomplished manually or by the use of instruments such as a bone holding forceps. Retention can then also be achieved 
by stabilizing the fracture using surgical intervention. Additionally, combinations of treatment methods are possible 
(internal and external stabilization and coaptation). A general rule is that internal fixation or osteosynthesis techniques 
must become protected by an external coaptation in horses or large farm animals; in companion animals, however, usually 
osteosynthesis should become loaded soon after surgery, thus striving for early mobility.

8.7.3 Methods of Fracture Treatment

8.7.3.1 Conservative Fracture Treatment

Conservative fracture treatment is characterized by reduction and retention of the fractured segments without invasive, 
surgical procedures. As a matter of principle, a conservative approach should be chosen over an invasive method (for 
companion animals, horses and farm animals) if a fast and beneficial result can be achieved through that conservative 
treatment. Conservative treatment can be used within clearly defined limits. The treatment of fractures with plaster casts 
and splints will be discussed in Chapter 20. 

8.7.3.2 Surgical Fracture Treatment

8.7.3.2.1 Conditions

Regarding surgical fracture repair, the following conditions must be met: 

• A proper indication is of great importance. Surgical intervention should not be a goal in itself. Based on the   
 fracture assessment, circumstances, general condition and character of the patient, the result of treatment   
 must be prognosed as being at least “reasonable” or “good”.
• Emphasis must be placed on the management of aseptic technique for the duration of the surgery.
• Adequate equipment (i.e., specialized instruments and full range of implants) is an absolute necessity.
• Optimal anesthesia and pain medication both prior, during, and after surgery are essential.
• Adequate radiographical facilities must be available, for pre-, peri- and post-operative evaluation. Fluoroscopy   
 can be of great value for certain, specific orthopedic surgical procedures.

8.7.3.2.2 Internal Skeletal Fixation

Extensive research has been conducted evaluating the interactions of the body with various implanted osteosynthetic 
materials; the first plate osteosynthesis applied in a human patient was only just in 1886. The chosen metal alloy should 
not corrode, be inert, and must be strong enough to withstand repeated loading stress. Additionally, the metal must be 
able to be crafted into screws, pins or plates. 
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Common implant materials are: 

• Surgical stainless steel made of metal alloys and denoted by a code system of numbers. In general, stainless   
 steel type 316L (low carbon) is used: a composite of iron, chrome, nickel, molybdenum and carbon.
• Cobalt-chrome alloy, e.g., Vitallium, a very hard material with a high corrosion resistance (expensive),  
 amongst others.
• Titanium and titanium alloys – Titanium possesses a yet higher corrosion resistance but is a much softer and   
 flexible material which is relatively costly.

The form of the implants is dependent upon the objective and use: 

• Plates, such as Low Contact, Dynamic Compression Plate (DCP, LC-DCP, LCP), neutralization plate,  
 Veterinary Cuttable Plate (VCP)
• Screws of various length sizes and shapes (cortex, cancellous)
• Cerclage wire
• Bone wires with diameter < 2 mm
• Bone pins with a diameter of 2 mm and larger
• Kirschner pins with a trocar-point
• Ellis pins with a negative threaded point
• Imex pins with a positive threaded tip
• Rush pins (hook on the tip)
• Steinmann pins, mostly made of Vitallium, with a trocar point
• Interlocking nails

 
8.7.3.2.3 External Skeletal Fixation

External skeletal fixators (ESF) get their name from the fact that the fracture segments are stabilized by a construct 
positioned outside the body; thus, in contrast to internal skeletal fixation. There are various sorts, types and brands of 
ESF.

An accepted subdivision of the types of ESF is as follows (Figure 4, 5, 6):

• Type I – A unilateral ESF that connects the bone wires or pins on one side of the bone (preferably 3 pins in the  
 proximal, as well as the distal fracture segment and a connection bar). The wires or pins are placed through both  
 cortices of the bone. An example is the classic Kirschner-Ehmer ESF. The connection bar usually consists   
 of metal, but can also be made of carbon fiber, aluminum, polymethylmethacrylate (PMMA) or epoxy resin  
 (Technovit®).
• Type II – A bilateral ESF with transosseus wires or pins with connecting bars on both sides of the limb. In   
 principle, Type II fixators are comparable with the Type I ESF but would be more stable.
• Type III – A tri-planar ESF, made of a combination of a Type I and Type II ESF, with additional bars connecting   
 the Type I to the Type II ESF.
• Type IV or circular external skeletal fixation system (CESF; Ilizarov) – This fixator consists of rings that are   
 connected with threaded rods. The bone is stabilized through transosseus bone wires that are put under tension.  
 This type of ESF is primarily used to treat bone deformities and to perform bone- lengthening procedures.
• The walking cast is used exclusively in horses and farm animals for fractures of the distal radius and tibia and   
 the bones distal to these, in the case that these fractures cannot be treated by other methods. The principle is   
 that the weight of the animal is transferred from above the fracture site by two or more transverse Steinmann   
 pins to a U-formed bar that provides support to the distal part of the limb. In this manner, the fracture area and  
 distal bone parts are completely free of weight-bearing loading stress supporting the fracture healing process.
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8.7.3.3.4 Internal Fixation

There are multiple methods for internal fixation including: 

• Plate osteosynthesis – A fracture is stabilized by a plate and screw fixation (Figure 7), if possible, with the  
 application of compression. Compression on the fracture location can be achieved with the use of a Dynamic  
 Compression Plate (DCP) (Figure 8). The DCP incorporates sliding holes allowing dynamic compression of the  
 bone segments while tightening the screws. Recently, the low contact versions of these plates (LC-DCP, LCP)  
 have been released, so that at the same time the overall bone contact is reduced in relation to the original DCP  
 plate, thus, not to hamper periosteal circulation for more optimal bone healing.

Figure 4. Type I, II, and III external fixation.

Figure 5. The circular 
external skeletal fixation 
system (CESF).

Figure 6. A walking brace.

Figure 7. Plate fracture fixation types. Figure 8. Dynamic compression plates.



177

8 - FRACTURE REPAIR & BONE HEALING

• Screw fixation – Screws are generally used to secure a plate to the bone for stabilization of the fracture.  
 Screws can also be used as compression-screws in certain fractures or to secure fracture segments during a  
 plate osteosynthesis. Bone screws come in various sizes and are manufactured from the same material as the  
 plates. In a compression-screw fixation one or two screws are used to press a smaller fracture fragment  
 against the larger fragment after a precise reduction. The compression can be achieved in two ways: 

• By ensuring that the size of the screw hole of the smaller fragment corresponds with the diameter  
 of the screw thread. In other words, the screw is only engaging the distal segment thus compressing  
 the fracture line. This can be accomplished by predrilling the bone segment that needs compression,  
 with a drill bit with the same diameter as the screw threads, thus, to produce the so-called gliding  
 hole. The distal segment is drilled with the appropriate core size of the screw, so that the screw can  
 firmly engage these bone segments. 

• By using a cancellous screw that has a smooth neck section without screw threads in the fragment  
 that has to be compressed (Figure 7).

• Cerclage wire – This type of fixation is not applicable as a sole treatment for long bone fractures as it seldom  
 leads to a stable retention and osteosynthesis. It is, however, very effective as additional fixation during other  
 techniques. Cerclage wire is used in combination with bone wires or bone pins in the so-called tension band  
 wire technique. This is a figure-of-eight configuration of cerclage wire on the pull-side of the fracture, usually in  
 combination with two bone wires or pins. This can provide a stable fixation for apophyseal fractures including  
 the tuber olecrani, greater trochanter and tibial crest, usually in companion animals.

Figure 9. Pins and cerclage wire.

• Kirschner pin, Steinmann pin (Figure 9)  
 and other types of pins and bone wires  
 can be used as an intramedullary  
 fixation method in conjunction with a  
 plate known as a plate-rod construct, or in  
 combination with an external skeletal  
 fixator. For diaphyseal fractures an   
 intramedullary pin on its own is insufficient  
 because it does not counteract axial loading  
 and rotation forces (see also interlocking  
 nail). Bone pins and wires can also be used  
 in the treatment of stable growth plate  
 fractures, usually in a cross-pin fashion, as  
 a tension band wire construct (as discussed  
 previously), or as an additional fixation  
 method in combination with other  
 osteosynthesis techniques. 

• Interlocking nail – This is an intramedullary pin with holes perpendicular to its long axis. The intramedullary  
 pin is locked to the cortex with transcortical bolts or screws. In this configuration the interlocking nail can  
 resist axial loading, rotation and bending forces. This method can be used in fractures of the humerus, femur  
 and tibia in companion animals, but has only been applied in experimental cases in large animals (Figure 10). 

• Intramedullary pin in combination with a Type I external fixator. The intramedullary pin can also be connected  
 to the ESF, thus enhancing stability of the construct. This configuration is known as a tie-in (Figure 11).
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• Rush pins can be used for stable fractures of the epiphyseal growth plate and metaphyseal area of long bones.  
 The primary indication for Rush pins is the distal Type 1 or 2 growth plate fracture of the distal femur in young  
 companion animals. Usually, two pins are introduced on each side of the femoral condyle and driven into the  
 medullar cavity proximally (Figure 12). As the pins are positioned within the medullar cavity this is also known  
 as an intramedullary fixation. 

• Bone pins and bone wire fixations, including Rush pins and cross pins. 

• Additional external stabilization – In horses and farm animals, it is often necessary to support internal fixation  
 using additional supportive casts or splints, for instance a Thomas splint (see 8.8.2). In companion animals,  
 additional post-operative splint or bandages are used on regular basis.

Figure 10. Interlocking nail. Figure 11. Combination 
intramedullary pin plus ESF.

Figure 12. Rush pin fixation.

8.7.3.3.5 Treatment of Growth Plate Fractures

The treatment of growth plate fractures aims at reducing and stabilizing the epiphysis or apophysis whilst maintaining 
longitudinal growth potential. The reduction and stabilization should optimally take place as soon as possible to 
preserve vascularization. The stabilization of the epiphysis or apophysis can be performed with smooth bone pins or 
bone wire. As the pins or wires have to cross the growth plate to stabilize the fracture, there will be some additional 
trauma to the germinative layer. In view of this, it is essential to use small diameter implants. The pins and bone wires 
should be placed as parallel to each other and as perpendicular to the growth plate as possible. Through this action, 
further longitudinal growth of the growth plate would become possible. 
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Epiphyses are mainly loaded under pressure, and a fixation with two pins or bone wires, possibly in combination with an 
additional splint, will provide sufficient stabilization. An example of this method would include a fracture of the proximal 
humeral growth plate including the epiphysis and apophysis, which often is combined with a shoulder support bandage. A 
different example is the fixation of the distal femoral growth plate with the Rush pin technique as described earlier. The 
Rush pins cross within the medullary cavity without penetrating the cortex, thus allowing for longitudinal growth of the 
femur. In horses and farm animals, the internal fixation must be supported by a rigid external fixation (a walking cast or an 
immobilizing Robert Jones bandage enforced with a splint).

The tension band wire method is highly suitable for stabilizing a fractured apophysis as these growth plate fractures are 
mainly stressed under tension. An example of this is the apophyseal growth plate fracture of the tibial tuberosity. The 
implants are removed as quickly as possible in growing animals to prevent growth retardation. In general, the prognosis 
for growth plate fractures should be given with some caution, as at the moment of treatment the remaining final growth 
potential of the involved physis cannot yet be determined. Therefore, it is essential after two weeks to evaluate the 
longitudinal growth that has taken place again, and to check for radiographic signs of growth plate closure. In animals at 
the end of their growth curve (seven months and older in companion animals, and in horses and farm animals, depending 
on the location of the growth plate), the closing of the growth plate may have minimal consequences. In young, still 
actively growing animals, damage to the physis can cause severe functional and cosmetic deficits. In addition to a 
shortened extremity, severe deformity and joint malformation can occur. 
The most common problem in companion animals is the antebrachial growth deformity involving the radius and ulna, 
elbow joint and antebrachiocarpal joint. In the dog, the radius curvus syndrome is commonly seen following a damaged 
distal ulnar growth plate, and is characterized by cranial curvature of the radius, valgus deviation in the distal radius, and 
exotorsion of the antebrachium (typically seen as exorotation of the foot). Growth deformities of the antebrachium can 
be complicated by the development of incongruence and subluxation of the elbow and antebrachiocarpal joint, leading to 
severe loss of function. Growth deformities can also occur after physeal fractures in horses and farm animals. 

8.7.3.3.6 Treatment of Non-Unions and Application of Autologous, Cancellous Bone Graft

Only in exceptional circumstances is it possible to heal an existing non-union without a surgical intervention. In the 
vascular type (broadened fracture ends), it may be sufficient to increase the stability of the fixation method in combination 
with compression of the fracture zone. In the avascular type (atrophic fracture ends), the medullary cavity has to be 
opened at both fracture ends, all the fibrous and cartilaginous tissue be removed, and a stable fixation be established. Due 
to resorption, there will be a bone defect in the fracture zone. It is essential that this defect is supported by autologous 
cancellous bone graft, for instance from the iliac crest, greater trochanter or greater tubercle. The cancellous autograft 
has high osteogenic potential and contributes substantially to quicker healing of the fracture. It contains bone matrix, 
bone cells, pluripotent mesenchymal cells and growth factors, all of which are essential to support bone healing. Other 
possibilities include the use of allogenic grafts, artificial matrix constructs, cell-based grafts, and growth factors such as 
Bone Morphogenetic Proteins (BMPs). 

8.7.4 Pre- and Post-Operative Treatment

Adequate pre- and postsurgical care is essential for a successful outcome in every osteosynthesis procedure. The 
preparation of the surgical patient (general and local), antibacterial regimen, post-operative care, bandaging, pain 
medication, rehabilitation, are all of great importance for the final outcome. Tetanus prophylaxis in horses is necessary, yet 
in companion animals only indicated if there is an elevated chance of a (anaerobic) clostridium infection. Postoperatively, 
signs of pain, elevated body temperature, possible wound infection and discomfort should be closely monitored. Fracture 
healing is followed up using subsequent radiographic examinations. This usually occurs 6 weeks after surgical treatment 
but can be planned earlier if indicated. A removal of the implants after fracture healing has been completed, is advocated 
in many cases; in horses usually at the time they have to be back in training for racing or other forms of somewhat 
challenging sports performance. Rehabilitation is an essential part of fracture treatment. Essential questions include when 
the animal can be allowed to walk again, and how to prevent complications. A challenge veterinarians often are faced with 
is to indeed restrict exercise and thus prevent excessive stress on the fracture zone including the applied osteosynthesis.
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8.8 First Aid Considerations 
in Small and Large Animal Fracture Patients (Triage)

8.8.1 Introduction

In companion and large animals, first aid is provided in situations where life-threatening situations exist or where risk 
of complications is imminently present. For instance, in an open wound, a temporary bandage should be applied, acute 
bleeding stopped, and pain reduced in expectation of, or preparation for, a definitive treatment. In fracture cases, first 
aid can also include the application of a provisional splint or cast. A requirement for this is, however, that minimally two 
joints adjacent to the fracture are incorporated in the splint. This immobilization of the fracture is essential before and 
during transportation of an animal with fractures in the peripheral limbs. 

The final decision concerning treatment of a patient suffering from a fracture, should always be made by the owner after 
consulting the veterinarian. Possibilities include treatment by a local, first opinion veterinarian or in a specialized referral 
clinic, euthanasia, or transport to the slaughterhouse (in case of horses or farm animals). In all situations, it is necessary 
to adopt measures that prevent further damage, especially to soft tissues, and to minimize pain for the patient.
When the injured animal requires transportation, the fractured body part must be protected as thoroughly as possible 
(for instance with a bandage and splint) in order to prevent additional (soft tissue) trauma. It is possible to make 
provisional bandages and splints using first aid kits, slats, sticks, strips of blankets, wadding and possibly pillows. The 
joints adjacent to the fractured bone should ideally also be immobilized. In horses and large animals, sedatives may only 
be given if the patient is extremely agitated and thus may be a threat to its own safety and surroundings. A side effect of 
sedatives is the occurrence of muscle relaxation and delayed reflexes. In view of this, the animal may not be able to stand 
in a steady manner during transport. In companion animals, analgesics should be administered as quickly as possible. 

In the ideal situation, horses and large animals would be transported under anesthesia; however, this can only be 
accomplished in specially designed ambulances with trained personnel. Dedicated ambulances for companion animals 
and horses are available in several countries. The disadvantage of the transport of horses under anesthesia is that 
the horses should be treated immediately upon admission to the specialized clinic. As optimal fracture treatment 
necessitates proper pre-surgical planning, which thus can be a logistical challenge. A further complicating factor is that 
horses cannot remain under anesthesia for a long period of time without the occurrence of complications. The transport 
of horses under general anesthesia is, therefore, more a theoretical approach than a practical one. 

8.8.2 Temporary Stabilization

Temporary stabilization can be necessary when referring a fracture patient to a specialist, or during the phase where a 
patient is recovering from the effects of trauma (for example, shock). 
The purposes of temporary stabilization are: 

• To prevent turning a closed fracture into an open fracture
• To prevent further trauma to soft tissues (muscles, blood vessels and nerves)
• To protect open fractures against further contamination and infection
• To reduce pain and discomfort
• To reduce or prevent extra swelling of the fracture zone

Depending on the location of the fracture, there are various techniques that can be employed to perform a temporary 
stabilization. Ideally, two adjacent joints should be incorporated, whenever applying a stabilizing bandage, splint or cast.
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The temporary stabilization techniques would include: 

• Rest – For example, box rest for a horse with a dislocated mid-diaphyseal spiral humeral fracture or rest in  
 travel box or cage in the case of fracture of the non-weight bearing portions of the pelvis in a dog or cat.
• Supportive bandages – The simplest immobilizing bandage is the supportive bandage, which combines padding  
 with a stabilizing outer layer. This bandage generally provides inadequate stability for fractures, especially  
 in horses and large animals.
• Robert-Jones (RJ) bandage – This is a supportive bandage made of multiple layers of padding stabilized with  
 several layers of elastic bandage material, and thus appears very bulky. The RJ bandage provides more stability,  
 and the stability of the bandage can be further increased by incorporating a splint.  
• Retention or splint bandage – The following materials are suitable for a splint: wood, stiff plastic, aluminum,  
 plaster of Paris (calcium sulphate hemi-hydrate), glass fiber reinforced synthetic resin (Articast®, Cellacast®),  
 and thermoplastic splints (Hexalite®, Vetlite®, Rhenotherm®). The splint material should typically be placed  
 over a layer of padding to avoid pressure sores to the skin and soft tissues.

• Thomas splint – This is a splint made of a metal frame,   
 consisting of a ring attached to a walking brace. The padded   
 ring is placed in the axilla or groin. The brace should be firmly   
 attached to the ring and is placed at the outside of the limb.   
 The weight of the animal rests upon the ring (crutch effect),   
 and the limb is stabilized within the brace by anchoring the   
 foot to the lowest point of the brace, padding the remainder   
 of the limb and taping it to the brace, thus securing the   
 complete limb (Figure 13). Contraindications for a Thomas   
 splint are proximal humeral and femoral fractures. 

Figure 13. Thomas splint.

An overview of indications for temporary stabilization of fractures in companion animals is provided in Table 2. 

Table 2: Types of Temporary Stabilization Techniques in Fractures

Fractures of the distal limb

Fractures of the scapula, humerus and elbow

Fractures of the femur and stifle
(adequate splinting is impossible)

Fractures of pelvis, spine and head

Mandibular/maxillary fractures

Retention bandage/Robert Jones bandage

Shoulder retention bandage

Light pressure bandage

Soft padded resting area, neck brace for neck injuries

(If possible) a muzzle
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A couple of examples for temporary stabilization of fractures in large animals is shown in Figure 14.

Figure 14. A couple of examples for temporary stabilization of fractures in large animals.

8.9 Large Animal (Equine and Bovine) Fracture Repair Options

8.9.1 Introduction

The factors that determine the prognosis in general for the outcome of fracture treatment in large animals, are in 
principle similar to those in small animals, e.g., concerning closed versus open, and extra- versus intra-articular fractures, 
and diaphyseal, metaphyseal, and epiphyseal fractures. However, additional factors specifically for large animals can 
make the full repair of a fracture a complex procedure with a relatively higher risk of complications. The main factors 
that play an additional, important role in predicting the outcome in large animals, are listed below from a lower to a 
higher risk of failure:

• Breed (Cold blood vs Thoroughbred) 
• Sex (mare vs stallion)
• Age (foal vs adult)
• Weight (pony vs horse) 
• Character (cooperative vs non-cooperative)
• Expected use of the animal (breeding vs sport) 

 
Like in companion animals, also in the surgical treatment of fractures in large animals, osteosynthesis would often make 
an essential difference e.g., in fully restoring a joint surface to guarantee an optimal fixation for a full -joint- recovery. 
Nevertheless, in the post-op recovery period of the horse itself, the extreme and uncoordinated weight loading in 
combination with the somewhat non-cooperative character of the animal may already result in a dramatic, acute failure 
of the fracture repair in certain cases. Furthermore, on a more long-term basis, the relatively poor blood supply to the 
more distal part of the limbs and the difficulty in adequately immobilizing the more proximal part of the affected limbs 
(‘large animals will always have to stand on four limbs’) can easily result in a chronic failure of the fracture treatment, 
including at the very end the occurrence of laminitis or suspensory ligament overloading in the contralateral limb.
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It must be taken into consideration that the osteosynthesis materials available (with a few exceptions) are in principle 
manufactured for use in humans. With the knowledge that most large animals (must) put weight on a fractured bone 
immediately after surgery to prevent a supporting limb vascular stasis and laminitis to develop or a passive suspensory 
ligament overloading in the contralateral limb, one must keep in mind that most implants are not designed to directly 
withstand these high forces. In view of this, as a general rule, especially when osteosynthesis techniques have been 
applied in large animals, in general some form of external fracture site immobilization should additionally be applied 
to protect their limb stabilization in combination with an assisted recovery (ropes, helicopter net, pool). The above-
mentioned factors complicate the exact prediction of the final prognosis in large animals. When faced with a motivated 
owner willing to pay, it is always a rewarding experience to start planning a surgical correction. The plan should be based 
on the current knowledge of and experience with fracture repair of a specific bone or region in horses and possibly in 
farm animals.

8.9.2 Head

In general, fractures of the mandible, maxilla and skull have a relatively good healing capacity. These flat bones, with 
relatively thin cortices and lots of cancellous bone, have to be appropriately realigned. The blood supply is optimal 
and treatment can be successful even in the case of open, contaminated and infected fractures. The most commonly 
occurring fractures of the head are fractures of the more cranial parts of the mandible and maxilla, and infraction 
fractures of mainly the frontal sinuses that are often still closed. When the more caudal parts of the mandible or maxilla 
are fractured, or even alveoli and teeth are involved, it is sometimes extremely difficult to keep the fixated fracture in a 
stable position while at the same time being able to provide the required daily nutrition to the patient.

Usually cerclage wires, sometimes with an additional supportive screw, but also (DCP/LCP) plates, intramedullary pins, 
U-shaped splints, and external (pinless) fixators have been applied for fracture fixation in this area. The most common 
complication is sequestration of the bone as a result of a local infection. Usually, sequestration presents itself in 
combination with fistula formation. 

8.9.3 Vertebral Column

Fractures of the spinal column with involvement of the spinal cord generally have a bad prognosis. Only in incidental 
cases without preoperative neurological damage, (DCP/LCP) compression plates, stainless steel cylinders (‘baskets’) 
and external fixators have been used to somewhat successfully assist in fracture healing of fractured cervical vertebrae. 
Closed fractures of the spinal processes of the thoracolumbar and of the tail vertebrae can be treated reasonably 
successfully using a more conservative approach; at the time of healing of spinal processes only the saddle has to 
become refitted again. Open fractures of the spinal processes, however, usually require a resection of the fractured bony 
elements or in case of an intra-articular, open tail vertebral fracture even a resection of the distal part of the tail.
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8.9.4 Forelimb

8.9.4.1 Scapula

Fractures of the scapula are not that often encountered, but include: 

• Fractures of the supraglenoid tubercle – These can be intra- or extra-articular. In extra-articular fractures with  
 minimal displacement a conservative treatment can be considered. This type of fracture with a larger fragment  
 can also be surgically reduced and stabilized using lag screws, while smaller fragments can be surgically  
 resected. In these cases, the prognosis can be relatively positive. In case of intra-articular fractures, a choice has  
 to be made between lag screw osteosynthesis or surgical removal of the fragments. The prognosis is fair.  
 Surgical care specifically in this area should be undertaken to avoid damaging the suprascapular nerve. Also, a  
 tenotomy of the biceps brachii tendon at the origin has been reported.
• Fractures of the body of the scapula are treated conservatively. The prognosis is rather poor, often due to the  
 displacement of the initial fracture and concurrent constant damage to the surrounding soft tissues.
• Fractures of the neck of the scapula when transverse, should be treated preferably using internal fixation. The  
 osteosynthesis technique using screws and a bone plate has been described, but usually the prognosis is poor.

8.9.4.2 Humerus

Common humeral fractures include: 

• Proximal humeral head fracture – Often there is little dislocation. In these cases, conservative treatment is  
 indicated; otherwise, plate osteosynthesis is a surgical alternative, although the prognosis is fair to guarded.
• Avulsion fragments of the greater trochanter (intra-articular) – These can be treated successfully using  
 osteosynthesis or surgical removal of the fragments. Prognosis is reasonable.
• Proximal epiphyseal growth plate fractures are treated conservatively provided that there is minimal   
 dislocation; otherwise, plate osteosynthesis can be performed, but the prognosis is fair.
• Fractures of the diaphysis usually present as spiral fractures – Stabilization of these long spiral fractures is a  
 real challenge. In favorable situations with minimal dislocation (especially in bovines) a humeral fracture can  
 heal. The alternative, surgical option is (typically a LCP) plate osteosynthesis. Surgical care specifically in this  
 area should be undertaken to avoid damaging the radial nerve.
• Fractures of the distal condyle and epicondylar area are intra-articular. Treatment is possible by means of  
 screw- or plate osteosynthesis, but the prognosis for these fractures is guarded. 

8.9.4.3 Ulna

A fracture of the olecranon is a ‘classically known’ type of fracture as recognized from the characteristic affected limb 
position at stance (‘dropped elbow’). In most cases, this fracture will be intra-articular. Types of olecranon fractures are 
as follows:

• Type 1 – apophysis (epiphysis); Salter Harris type I
• Type 2 – apophyseal fracture and fracture involving the caudal half of the physis towards the humeroradial  
 joint; Salter Harris type II
• Type 3 – intra-articular transverse olecranon fracture
• Type 4 – comminuted intra-articular fracture involving the olecranon
• Type 5 – extra-articular fracture through the distal portion of the olecranon and through the shaft of the ulna
• If exact anatomical reduction and adequate fixation is possible, the prognosis is relatively good. The fixation is  
 usually done using in most cases a single (DCP/LC-DCP/LCP) plate osteosynthesis.
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8.9.4.4 Radius

Fractures of the distal half of the radius would have a more favorable prognosis than those of the proximal part. Fixation 
can be performed with the assistance of (double) plate osteosynthesis (DCP/LC-DCP/LCP/DCS), and those of the distal 
half of the radius eventually treated using a walking cast. Surgical repair realistically should only be advised in foals, 
ponies and small horses < 300 kg; in adult horses this type of surgery has been called ‘a monumental task’, but usually 
catastrophic failures during the recovery phase cannot be avoided. Horses with fissure fractures should be box rested for 
2 – 4 months.

8.9.4.5 Carpal Bones (Equine) 

Chip and slab fractures of the radial carpal and third carpal bones occur regularly in racehorses as the result of 
hyperextension of the joints from their muscle fatigue at the end of their high-speed exercise race. Small fragments 
(chips) are removed surgically using standard arthroscopy. Larger fragments (slabs) can become stabilized using an 
arthroscopically assisted lag screw fixation technique. Fracture of the accessory carpal bone usually manifests itself as 
a vertical or horizontal fracture and could become more stabilized from a lag screw approach, but usually a conservative 
therapy striving for a fibrous union is the recommended option with a reasonably fair prognosis.

8.9.4.6 Metacarpus (Mc/MtIII; Equine, Mc/MtIII/IV; Bovine)

In general, fractures of the metacarpal and metatarsal bones can be treated with lag screws, plate fixations and walking 
casts. Fractures of the distal epiphyseal plate (Salter Harris type II) can typically be supportively treated using a walking 
cast. As there are differences between McIII and MtIII, the following points should be noted: 

• The stress fracture (bucked shins) is a fracture of the dorsal cortex of McIII and is usually located in the   
 proximodorsal 1/3 portion. Conservative treatment or the placement of a screw and osteostixis (drilling holes   
 in and around the fracture) is indicated. The prognosis is good.
• In diaphyseal fractures, osteosynthesis usually is the advocated treatment.  
• In distal fractures, a choice can be made between osteosynthesis and a walking cast, or a conservative  treatment. 

8.9.4.7 Splint Bones (Mc/MtII/IV; Equine)

A (lateral) splint bone fracture usually occurs (in the hind limb) as the result of direct trauma, but fractures in the distal 
portion of the splint bone are generally observed as stress or fatigue fractures (in trotters). A fractured splint bone can 
coincide with a desmitis of the suspensory ligament, especially when the fracture dislocated or when extensive callus 
formation is encountered; therefore, usually a concurrent ultrasound examination is advised. Fractures of the proximal 
portion can be treated conservatively (including a rigid immobilization) or by internal fixation using a screw or narrow 
DCP/LCP plate osteosynthesis. In case of an open splint bone fracture, it is commonly necessary to at least remove one 
or more fragments (sequestra). The prognosis of the proximal fracture is fair, as that the proximal splint bone also is a 
supportive component of the adjacent joint. When there is no dislocation, a spontaneous recovery can occur in fractures 
of the distal portion of the splint bone. When dislocated, the distal fracture segment preferably should be removed in 
principle with a favorable prognosis, unless there is also a desmitis of the adjacent branch of suspensory ligament, which 
would make the prognosis guarded.
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8.9.4.8 Proximal Sesamoid Bones (Equine)

Fractures of the proximal sesamoid bone usually occur from external trauma or internally from overloading (‘breakdown 
injury in racehorses’) but can incidentally also occur in the process of chronic sesamoiditis (mainly at the location of 
the abaxial surface); then they are considered as a pathological fracture. With the exception of the apex fracture, the 
prognosis for proximal sesamoid bone fractures is relatively unfavorable. Small fragments (such as the apex) are removed 
arthroscopically, whilst larger fragments can sometimes be secured by a lag screw fixation, cerclage wires or can be treated 
conservatively using a rigid bandage.

8.9.4.9 First (Proximal) Phalanx (PhI or Long Pastern Bone; Equine) 

These fractures are usually intra-articular and occur in the sagittal plane (screwdriver principle from the sagittal ridge 
of the distal McIII/MtIII). An accurate preoperative planning e.g., using CT images, and an arthroscopically guided 
reduction and retention using lag-screw fixation are therefore essential techniques for a complete recovery; in case of 
fissure fractures the proximal lag screw should prevent a cyst formation to occur. With the exception of cases of extreme 
comminution, first phalanx fractures can heal completely, and the prognosis is rather good. These comminuted fractures 
would need an open reduction and possibly a walking cast support whenever a surgical treatment is still opted for only a 
breeding perspective.
Slab and chip fractures can also occur as the result of blunt trauma (for example, distortion). This usually occurs in the 
medial aspect of the proximal phalanx, but sometimes also on the plantar side just below the sesamoid bones. Small 
fragments are removed arthroscopically, whilst large fragments can become secured using one or more screws. When 
fragments are located intra-articularly, fetlock joint osteoarthritis could develop as a result of simultaneously encountered 
cartilage damage.

8.9.4.10 Second (Middle) Phalanx (PhII or Short Pastern Bone; Equine)

Middle phalanx fractures are almost always comminuted, and the prognosis is therefore poor. In some instances, dorsal or 
palmar intra-articular osteochondral fractures, eminence fractures and axial fractures are seen, which can be repaired.

8.9.4.11 Third (Distal) Phalanx (PhIII or Coffin Bone; Equine)

To classify fractures in the third phalanx the following types can be differentiated: 

• Type 1 – (extra-articular) wing fracture
• Type 2 – (intra-articular) wing fracture (most common)
• Type 3 – (intra-articular) sagittal fracture
• Type 4 – (intra-articular) extensor process fracture
• Type 5 – comminuted fracture
• Type 6 – (extra-articular) fracture of the solar margin (in case of traumatic pedal osteitis or laminitis)
• Type 7 – fracture of the palmar process of the distal phalanx (common in foals)

PhIII sagittal and solar margin fractures are treated conservatively by means of reducing the hoof mechanism using a full 
bar horseshoe with side clips, possibly supported with a rigid hoof bandage. The approach to the extensor process fracture 
is usually surgical: extensor process fragments are removed arthroscopically although for larger ones a screw fixation has 
been attempted. With the exception of the fracture of the extensor process and the extra-articular PhIII wing fracture, the 
prognosis for intra-articular coffin bone fractures (sagittal, wing) is relatively unfavorable. 
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8.9.4.12 Third (Distal) Phalanx (PhIII or Claw Bone; Bovine)

The distal phalanx (coffin bone) usually involves an intra-articular fracture (of the medial claw in the forelimb) but has a 
favorable prognosis. The treatment consists of relief of pressure on the claw by raising the uninjured claw using a glue-on 
wooden block. 

8.9.4.13 Navicular Bone (Distal Sesamoid Bone; Equine)

Navicular bone fractures arise as the result of trauma, but also as the result of a pathological fracture (in the process 
of podotrochleosis). Usually, a sagittal (centrolateral or centromedial), a chip and comminuted fractures are found. 
Sagittal navicular fractures have been given a somewhat more favorable prognosis after the application of only a single 
lag screw. Conservative treatment consists of immobilization of the hoof to relieve the navicular bone; and as a last 
resort, neurectomy of the palmar and plantar digital nerve will allow the animal to function for some time. In general, the 
prognosis should be classified as very guarded-unfavorable.

8.9.5 Hind Limb

8.9.5.1 Pelvis

Fractures of the pelvis can result in a serious lameness, whereas sometimes also external deformities are visible. A bony 
crepitus caused by a slight dislocation of the fractured segments (‘step defect’) can occasionally be palpated rectally, e.g., 
when the horse is forced to move a few steps. Using ultrasound, it might be possible to support the differential diagnosis 
of a fissure or even a fracture, but it can take some time (weeks) until the fracture fragment stability becomes reduced due 
to muscle atrophy and quite suddenly the lameness is getting much worse illustrating a fractured pelvis. Treatment using 
osteosynthesis usually is not possible. The prognosis depends on the type of bone involved, involvement of the hip joint 
and on the degree of dislocation, but frequently becomes unfavorable due to the chronicity and severity of the depicted 
lameness. Simple pelvic fractures with minimal dislocation can only be treated conservatively by strict box rest. In female 
animals, it must be kept in mind that a narrowing of the birth canal also can occur, either due directly to the dislocation 
itself or to extensive callus formation at a later stage. If the fracture is intra-articular in the acetabulum, the prognosis 
becomes even more unfavorable because of a severe hip joint arthrosis that will develop, and euthanasia would then 
have to be considered. One must be aware that dislocated fracture fragments might damage large vessels of the rectum 
resulting in internal bleeding and a sudden death of the horse.

8.9.5.2 Tuber Coxae

Fractures of the tuber coxae occur often in bovines and are caused by trauma such as walking through a door opening 
that is too narrow. Locomotion is altered because the function of the tensor fascia lata muscle is compromised. This 
muscle originates from the tuber coxae and connects onto the fascia lata. The loss of function of this muscle will hamper 
stifle joint function in protracting the limb sufficiently. This is a serious complication in the horse but less in the bovine. 
Treatment is not possible; only time will tell in these cases if and to what degree functional disorders will remain. In an 
open fracture, a loss of circulation leading to necrosis can develop as the result of infection, leading to sequestration and 
fistula formation. The sequestra must be removed; any collection of tissue debris and/or seroma should be drained and 
regularly flushed before a final and functional healing will take place after some time. 

8.9.5.3 Tuber Ischii

In general, this type of fracture causes fewer functional disorders. However, in an open fracture, there is the possibility of 
bone necrosis. In the pig, the differential diagnosis of apophysiolysis should be considered.
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8.9.5.4 Femur

Fractures of the femur occur relatively infrequently in large animals in comparison to companion animals. The prognosis 
in large animals is poor. In adult animals, it is hardly possible to undertake reduction and retention of the often highly 
dislocated fracture segments. In (usually young) bovines and foals, it might be an option to treat the animal conservatively 
and wait to see if a spontaneous fracture healing may progress. 

Prognosis is determined by location of the fracture:

• Femoral neck fracture and multiple femur fractures have a poor prognosis, 
• Diaphyseal fractures can be treated with osteosynthesis (double plating). The prognosis is very guarded to   
 unfavorable.
• Fractures of the supracondylar region in young or light-weighted animals have been treated relatively successfully  
 including DCS plate osteosynthesis. 

8.9.5.5 Patella

A transverse fracture of the patella can be treated with tension band wire and a sagittal fracture with lag screws. Smaller 
fragments can be removed arthroscopically. The prognosis is poor due to the permanent muscular tension and trochlear 
compression on the fracture ends.

8.9.5.6 Tibia

The following fractures can be seen in the tibia: 

• Proximal epiphyseal growth plate fracture (Salter Harris type I or II) – Can be treated with plate osteosynthesis;  
 prognosis is relatively poor.
• Tibial tuberosity fracture – Can be intra- and extra-articular. The crest has its own ossification center. The bony   
 connection of the tibia is not fully complete until 36-48 months of age. Consequently, misinterpretations can   
 exist over the presence of an actual fracture line. Conservative treatment is possible in the extra-articular  
 fracture. In cases of an intra-articular fracture, fixation is the method of choice using screws and plates.   
 Prognosis can be positive, provided that good retention is maintained.
• Diaphyseal fractures – Must be treated with osteosynthesis. The prognosis is rather poor (cf. radius). Fractures   
 of the distal half of the tibia have a more favorable prognosis than those of the proximal. Fixation is technically   
 possible. Despite the fact that various methods can be employed (double plate osteosynthesis; walking cast  
 in fractures of the distal portion), the prognosis remains very guarded to unfavorable. Diaphyseal fractures often  
 progress in an oblique manner, through which perforation of the skin on the medial side can easily occur. 
• Medial or lateral malleolus fracture – Must be treated with osteosynthesis or with arthroscopic removal of the   
 fragment. The prognosis is relatively fair.

8.9.5.7 Fibula (Bovine)

In most cases, the fibula fractures usually in conjunction with the tibia. As far as therapy is concerned, the fibula repair is 
of less importance compared to the tibial repair.
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8.9.5.8 Tarsal Bones (Equine)

With the exception of fractures of the calcaneus, fractures of the tarsal bones are almost always intra-articular fractures. 
Small fragments are removed, whilst large fragments are fixated using one or more lag screw(s), whenever possible. The 
prognosis ranges from very guarded to unfavorable.
 
Osteosynthesis can be attempted for fractures of the calcaneus, but the prognosis is not favorable due to the distracting 
force that the Achilles tendon permanently exerts upon the calcaneus. Small fragments at the top of the calcaneus 
can be spontaneously resorbed or surgically removed. The talus can fracture sagittally, but this seldomly occurs. 
Osteosynthesis is a possibility with an unfavorable prognosis.

The distal portion of the lateral trochlea and the proximal portion of the medial trochlea are the most common locations 
for the occurrence of fragments. These fragments can be stabilized (based on the size of the fragment) using screw 
osteosynthesis or be removed arthroscopically. The prognosis is guarded to favorable. 

Small tarsal bones, such as central tarsal bone and third tarsal bone, can fracture; depending on the size, the fragment, 
can be stabilized using screw osteosynthesis or treated by surgical removal. The prognosis is dependent on the fracture 
configuration and ranges from fair to unfavorable.

8.10 Angular Limb Deformities (Valgus/Varus; Equine)

8.10.1 Definition

In the fore and hind limbs of foals, an angular limb deformity is regularly observed, in which, from within or around 
a certain joint (fetlock, carpus/tarsus), the distal portion of the bone deviates medially (varus deviation) or laterally 
(valgus deviation). 

8.10.2 Localization

The angular deformity can be traced using radiographs on which the bordering long bones have been completely 
visualized, and lines have been drawn through the proximal and distal bones to the carpal or tarsal articulation, distal 
growth plate of radius/tibia, distal growth plate of Mc/Mt III or proximal growth plate of phalanx I. 

8.10.3 Etiology

Various epigenetic, peri- and post-natal, developmental factors can play a role, including:
 

• Insufficient ossification of the carpal/tarsal bones in premature foals
• Hyperlaxity of peri-articular (for example, collateral ligament) structures
• Growth that occurs too quickly
• Overloading of the growth plate due to excessive movement
• Direct trauma to and/or inflammation of the growth plate or even a growth plate fracture
• Unbalanced (mostly too high energy level of) nutrition
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8.10.4 Diagnosis

A diagnosis is made on the basis of what is seen clinically and by radiographic examination. The radiograph can be used 
to determine the degree of the deviation, the location (“pivot point”) where the injury occurred (joint, growth/physeal 
plate) and any possible disruptions to the ossification process.

8.10.5 Therapy

Therapy is based on the severity of the deviations and the age of the patient (in relation to the regular closing time of 
the growth plate). The various growth plates will close at different times during the growth (Table 3) of the animal. 
Therapy might include exercise restriction, stimulating the growth of the growth plate on the concave side (periostomy/
periosteal lift and ulnar transection), inhibition of the growth on the convex side (with, for example staples or cerclage 
wires that are placed over the growth plate) or in extreme, therapy resistant cases performing a corrective osteotomy. 
Orthopedic shoeing is also advocated with medial extensions (valgus) or lateral extensions (varus).

Table 3. Age of growth plate closure in the horse

Treatment of valgus deviation of the carpus is as follows: 

• Less than 8 degrees – Conservative management: corrective hoof trimming, weekly shortening of lateral horn  
 wall, shortening toe and controlled exercise on flat, even floors and the application of corrective shoeing.
• More than 8 degrees – Surgically: periostotomy (or a so called ‘periost lifting’: a local “T“ incision of the  
 periosteum, after which the periosteum is treated across the width) on the lateral (the concave) side of the  
 radius, just proximal to the growth plate in combination with transection of the ulna. The procedure stimulates  
 growth on the concave side. In addition to this, the lateral hoof wall and toe is shortened weekly, and controlled  
 exercise on a flat, even ground surface is allowed (no admittance to paddock or pasture). This procedure can  
 potentially be combined with the growth retardation method: bridging the growth plate with osteosynthetic  
 material (screws with cerclage wire) on the convex side in combination with orthopedic (glue-on) shoeing. The  
 applied osteosynthetic material needs to be removed after the limb has reached a straight position.
• More than 8 degrees and older than 6 months: similar to techniques applied in small animals a wedge   
 osteotomy should be considered at first, in a later stage followed by corrective shoeing and restricted exercise.

 

8.10.6 Prognosis 

The prognosis is dependent on the degree of deviation, the age when the treatment is started and the response to initial 
treatment.

Localization of growth plate 

Distal radius 

Distal tibia 

Distal metacarpus 

Phalanx I

Age of closure

6 months

4 months

3 months

3 months
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9.1 Introduction 

Companion animals are increasingly reaching geriatric age, partly as a result of the advances and improvements in 
veterinary care. Patients with illnesses that manifest themselves at this age are therefore becoming a larger percentage 
of the total number of patients seen in veterinary practice. At present, cancer is the most frequent cause of death in 
companion animals older than 10 years of age. Due to the aforementioned advances in veterinary medicine, increased 
knowledge and access to a wide range of therapeutic options, cancer is now increasingly viewed as a treatable chronic 
disease rather than a death sentence. It is therefore important for veterinary clinicians to familiarize themselves with the 
wide array of possible cancer treatments. 

Successful treatment of cancer requires a positive and dedicated attitude by both the owner and veterinarian, but 
this approach should also be realistic. The proper treatment of cancer requires knowledge of tumor behavior, surgical 
techniques, and adjunctive therapies such as chemotherapy and radiotherapy.

The main goal of this chapter is to acquaint the reader with the most important principles of surgical oncology. The 
theoretical background is explained here through the use of various practical examples. It is beyond the scope of this 
chapter to give a complete overview of all therapeutic situations pertaining to veterinary oncology. In order to obtain 
more in-depth information, it is suggested that the referenced articles and books be consulted. In this chapter, basic 
veterinary oncological diseases will be discussed, and practical information and useful tips for the veterinary surgeon will 
be provided. 

9.2 The Role of the Surgeon in the Treatment of Cancer

In the treatment of cancer, the surgeon plays an important role. Surgery can serve several goals in oncology, including 
prevention (for instance ovariectomy), diagnosis (with various biopsy techniques), cure (with complete excision of the 
tumor) and palliation (when the type or severity of tumor prevents curative surgery). Furthermore, surgery can be used in 
combination with other treatment modalities (such as cryosurgery, immunotherapy, chemotherapy and radiotherapy) to 
facilitate the effectiveness of tumor removal, also referred to as adjunctive or cytoreductive surgery.

The proper approach to surgical oncology requires a good basic knowledge of tumor types, their biologic behavior and 
different treatment modalities, prognosis and additional treatment options for the various types of tumor. The operative 
removal of a tumor is the most successful therapy in comparison to other treatments in many types of cancer. For this 
reason, a surgical approach to a patient with cancer is often chosen in veterinary practices. The advantages of surgery 
are that it is non-carcinogenic and less immunosuppressive than chemotherapy and radiotherapy. Disadvantages of 
surgery include mortality and morbidity associated with the procedure, such as pain, decreased function (e.g., limb 
amputation) and disfigurement (e.g., radical bilateral maxillectomy). Surgery thus plays an important role in oncology, 
particularly with respect to the diagnosis and definitive treatment of solid tumors.

How aggressive the treatment should be is completely based on the type of tumor, the location of the tumor and the 
wishes of the owners. For some clients, the quality of life of the patient (often meaning minimal inconvenience for 
the patient and owner) and the practicality of the operation are of most importance. This type of client will usually 
decide against aggressive or multimodal therapy when there is a probable chance of side effects or poor outcome. They 
generally opt for a simple palliative procedure or early euthanasia. On the other hand, for some owners it is acceptable 
to prolong the life of the patient for the sake of improvement of short-term quality of life alone, despite an extensive 
procedure (for instance amputation of one of the legs). It is thus essential to discuss thoroughly with the owner the (dis)
advantages of the treatment and the goals of therapy (Figure 1). 
 

9 - THE SURGICAL TUMOR PATIENT
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The surgeon should be aware that the term cancer may 
be emotionally sensitive for some owners. Often clients 
will associate cancer with a negative or dismal future for 
the animal. Furthermore, when cancer is diagnosed, some 
owners will immediately associate the cancer diagnosis 
with a death sentence for the patient. Additionally, there 
are many owners who have direct or indirect acquaintance 
with cancer, either in their own families or in their close 
circle of friends. It is an important task for the treating 
veterinarian to provide not only objective medical advice, 
but also to be sensitive to the personal experiences of the 
client in this area.
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Figure 1. An amputation can be acceptable for some 
owners and a reason to elect euthanasia for others.

The surgeon must also realize that cancer is often a systemic illness and that the therapy must be focused not only 
on the local problem, but also on possible metastases, paraneoplastic syndromes and other abnormal physiological 
processes. A solid knowledge of these processes is imperative.

For the appropriate management of (companion) animals with cancer, there are some important questions to be asked 
prior to planning oncological surgery:

• What is the type and stage of the tumor?
• Do the biopsy results correlate with the clinical presentation?
• What is the biologic behavior of the tumor?
• What is the proper surgical approach (e.g., intralesional, marginal, wide or radical resection)?
• What are the alternatives or adjuncts to surgical resection?
• What are the owner’s expectations, and are these expectations reasonable?
• What is your ethical standpoint or barrier to do the surgery or not?

9.3 Prevention: Increased Risk and Early Diagnosis

The veterinarian can play an important role in the prevention of cancer in companion animals, and knowledge of tumor-
related illnesses and carcinogenesis are therefore important. Carcinogenesis, otherwise known as the origination of 
cancer cells, is a lengthy process, which consists of multiple events. This process can be influenced by factors such as 
genetics, biology and environment. Clear individual variation therefore exists in tumor formation, possibly mainly due 
to genetic and environmental differences among individuals. Additionally, there are also differences among species. 
For instance, cancer occurs twice as frequently in dogs as in humans. Genetic factors in animals can be influenced by 
inbreeding or selective breeding, and eliminating characteristics specific to certain breeds, such as hair color (for example 
the squamous cell carcinoma in white-haired cats and cows, and melanoma in the grey horse). In contrast to in humans, 
only a few examples of diseases associated with an increased risk of cancer are known in companion animals. Examples 
of these diseases include perianal gland tumors in intact male dogs, testicular tumors in cryptorchid dogs and prostate 
tumors in castrated male dogs. Intact male dogs have a greater risk of developing perianal gland tumors as their growth 
is stimulated by (excessive) amounts of androgens. Non-castrated bitches and queens are at greater risk of developing 
mammary tumors than animals that have been sterilized before the first heat (Figure 2).
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Another important task for the veterinarian is the early detection of 
cancer in the individual animal. The routine yearly physical examination 
of older patient for signs of cancer is a worthwhile practice. These yearly 
check-ups can be efficiently combined with the administration of annual 
vaccinations, if indicated.

In general, cancer in companion animals frequently occurs in the skin, 
mammary glands, lymph nodes, endocrine glands and the mouth. In 
horses, tumors of the skin (sarcoids, papillomas/melanomas), eyes 
(squamous cell carcinoma) and genitals (penis and ovaries) are common; 
and in the cow, tumors in the skin (papilloma), lymph nodes (malignant 
lymphoma or leucosis) and eye (carcinomas) are frequently seen.

The owner must be advised of the locations where cancers often occur 
and should receive adequate instruction on what to pay attention 
to and when to seek medical advice from a veterinarian. The routine 
examination fosters the bond between the client and the veterinarian 
and strengthens the possibilities of an early diagnosis and successful 
therapy. Additionally, it is the experience of the authors that the 
majority of owners find such an annual check-up a pleasant, as well as 
necessary, experience.
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Figure 2. The caudal mammary gland of 
this Labrador retriever contains a large 
mammary tumor. There is a scientifically 
proven causal relation between late 
ovari(ohyster)ectomy and the increased 
incidence of malignant mammary tumors.

9.4 Diagnostics

Before a therapeutic plan can be made, an accurate diagnosis must be obtained, and the tumor categorized. Important 
diagnostic resources available include blood work, diagnostic imaging (radiographs, ultrasound, CT, MRI) and evaluation 
of biopsy specimens and potential tumor biomarkers. The final diagnosis is often determined by taking a surgical biopsy, 
followed by cytological and/or histological examination. Samples of cancerous tissue and draining lymph nodes can be 
obtained by use of a fine needle aspiration biopsy, a dermatological punch biopsy, a thick needle core tissue biopsy (Tru-
cut®, Sure-cut needle®), an incisional biopsy or an excisional biopsy.

When the tumor type is determined and falls into the malignant category, it is also possible, based on the degree of 
expansion, to determine the clinical stage of cancer. There are a number of staging systems to determine the clinical 
stage of cancer; however, the standard method is the TNM-system (established by the World Health Organization 
(WHO)). In the TNM system (Table 1), the T stands for tumor and describes the size and borders of the tumor with 
respect to the surrounding area; the N (node) indicates if the regional lymph node is affected; and the M describes the 
presence or absence of visible distant metastases. For a complete diagnostic work-up of a patient with cancer and 
proper staging of the disease, advanced diagnostic imaging of the primary tumor site, all draining nodes, and (depending 
on the type and location of tumor) the chest (lungs) or abdomen (liver, spleen) are mandatory. Staging systems like the 
TNM-system are used to facilitate communication between veterinary oncologists, monitor response to treatment, and 
provide prognostic information. Tumor staging should therefore be undertaken in a standardized, reproducible manner. 
With the assistance of this staging system, the biologic behavior of the tumor can be estimated, which is crucial to 
developing a successful therapeutic plan.
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In the following section, the advantages and disadvantages of the various diagnostic techniques will be discussed.

Table 1. TNM Classification for Tumors in Animals (Owen 1980, Liptak 2009).
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Site

Primary Tumor

Lymph Node (N)

Metastasis (M)

Classification

T0

T1

T2

T3

N0

N1

N2

N3

M0

M1

M2

Description

No physical evidence of tumor 

Tumor diameter <1 cm and non-invasive

Tumor diameter 1-3 cm or locally invasive

Tumor diameter >3 cm or locally invasive or 
ulcerated

No evidence of regional lymph node involvement

Regional lymph node firm and enlarged

Regional lymph node firm, enlarged, and fixed to 
surrounding tissue

Lymph node involvement beyond regional lymph 
nodes

No evidence of distant metastasis

Distant metastasis to one organ system

Distant metastasis to more than one organ system

9.4.1 Introduction: How to Biopsy a Tumor

By taking a biopsy, tissue is obtained for microscopic or other analysis to establish a precise diagnosis or enhance the 
understanding of a particular tissue. In order to obtain an accurate diagnosis, one must realize that the histological 
interpretation of tissue is highly dependent on the quality as well as the quantity of the biopsy sample submitted. 

Biopsy results enable the oncologist to determine the tumor type, biologic behavior of the tumor, appropriate level of 
aggression for surgical resection (surgical dose), the need for adjunctive therapy and likely prognosis. Biopsy techniques 
can be divided into two major categories: pre-treatment biopsy (needle core biopsy, punch biopsy, wedge biopsy, etc.) and 
excisional biopsy. The goal of pre-treatment biopsy is to obtain additional information about the tumor prior to definitive 
treatment. Post-treatment (excisional) biopsy is used to obtain a more complete picture of the tumor after surgical 
removal and provides an opportunity to evaluate the completeness of the excision. Post-treatment biopsy is rarely the 
best first step in obtaining a tissue diagnosis, except for small lesions. It is, for example, preferable to biopsy a large 
tumor located in a difficult location (such as the paw) instead of excising it immediately.
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Biopsy taking is not required for every tumor before definitive treatment. There are three principal reasons for 
performing a biopsy. A pre-treatment biopsy is indicated when the results of the biopsy may affect the type and extent 
of treatment, when the tumor is in a difficult to remove area and when the biopsy results would change the owner’s 
willingness to proceed with treatment. However, a pre-treatment biopsy would be contra-indicated when the type and 
extent of treatment would not be altered by knowledge of the tumor type, or when the surgical procedure required 
to obtain the biopsy is as risky as definitive removal. In cases like this, an excisional biopsy is the best option. Before 
any pre-treatment biopsy technique is undertaken, clients must be informed of the fact that not all biopsies result in a 
diagnostic specimen and that, in some cases, a subsequent biopsy procedure may be necessary. 

The obtaining of a biopsy specimen must be planned carefully. The area of surgery must be prepared in a sterile manner 
and the correct biopsy technique employed. Furthermore, it is of importance that a representative segment of tissue is 
taken, that it is of sufficient size and that it is sent to a veterinary pathologist. Especially in tumors that are difficult to 
diagnose (such as the hemangiosarcoma), it is advisable to take multiple representative biopsies. 

The location of the biopsy is also of importance. The incision of the biopsy site must be simple to remove with adequate 
margins if further surgical treatment is carried out. Incorrectly placed biopsies can have disastrous consequences for 
potential future operations. During the taking of a biopsy, non-affected tissue must not be contaminated by tumor cells 
(tumor seeding). Contamination is a known danger in certain types of tumors (mastocytoma, transitional cell carcinomas 
and sarcomas). In theory, however, the veterinary surgeon should attempt to prevent tumor contamination with every 
tumor type. 

Tumors often bleed more heavily than normal tissues. This is caused by neovascularization. This growth of new blood 
vessels is stimulated by the tumor itself and often causes difficulty during biopsy-taking, since heavy bleeding can cause 
the surgeon to lose his/her perspective during the procedure. The occurrence of a hematoma during the biopsy can also 
lead to the promotion of possible tumor contamination. Proper hemostasis is therefore crucial. 

After removal, the biopsy specimen is sent for further diagnosis. A detailed description of the history, physical 
examination and biopsy method should be provided to the pathologist in order to achieve a correct pathological 
interpretation. The histological biopsy must be fixated in 5-10% formalin and must be adequately sealed before being 
sent off for further examination. A proper fixation of the tissue is essential: as a rule of thumb, the amount of formalin 
should be 10 times the amount of tissue that it holds. Large segments of tissue usually don’t fixate well and must be cut 
into 2 cm pieces in order for the formalin to penetrate, but not at the expense of damaging the sample. 
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Biopsy samples should always be handled carefully: the use of forceps and handling may damage the biopsy sample. 
Furthermore, it is very important that the tissues be sent to a veterinary pathologist in order to prevent incorrect 
diagnoses (due to different types of tumors that occur in humans). Also, staining the biopsy edges with different colors 
of tissue stain or placing tag sutures at strategic sites is recommended to aid the pathologist in orientation within the 
sample and in determination of contaminated or clean margins if complete excision was attempted (Figure 3). 
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9.4.2 Fine Needle Aspirate Biopsy (FNAB)

Fine needle aspiration biopsy (FNAB) is the only biopsy method whereby cytology is performed on the sample instead 
of histology. Cytology of FNAB samples provides better information about cytoplasmic and nuclear detail, whereas 
histology of surgical biopsy samples provides better information about structural and architectural detail of the tumor. 

For most tumors, the diagnostic accuracy of FNAB is lower than that of needle-core, incisional, or excisional biopsy. 
However, the cost, complexity, and potential complications of FNAB are lower in comparison to other techniques. FNAB 
can be diagnostic for certain tumor types (e.g., mast cell tumors - MCT), guides therapy by differentiating between 
benign and malignant tumors, helps to determine whether or not a lymph node carries metastatic disease, and can 
be used for classifying tumors as round cell, epithelial cell, or mesenchymal (spindle) cell. Generally, FNAB is more 
accurate for cutaneous and subcutaneous lesions than for intracavitary lesions. Accurate sample aspiration from within 
intracavitary structures may require guidance via ultrasonography or computed tomography (CT).

Fine needle aspiration biopsy is taken by means of a 10 ml syringe with a 0.7 or 0.9 mm hypodermic injection needle. 
The skin is first prepared as for venipuncture, unless a body cavity or joint will be entered, in which case a surgical 
preparation should be performed. The needle of the syringe must be inserted into the tissue to be biopsied, while the 
mass is stabilized with one hand to aid penetration. By applying approximately 2 cm of suction to the syringe, a negative 
pressure is created. During this negative pressure, the needle of the syringe is moved back and forth in the suspect tissue 
with at least 10 insertions until material in the suction chamber is observed. The goal of the negative pressure is to get 
the soft tissue over the sharp cutting edge of the needle, after which the cells are scraped/cut off and enter the lumen 
of the needle when the needle is pushed further into the tissue. In order to get a sample as large and as representative 
as possible, the needle should be pulled back and forth in the process in several directions along the same stab channel. 
This is of particular importance in the case of tissue rich in connective tissue. However, in cell-rich, soft tissues, such as 
spleen, lymph nodes, liver and thyroid, one forth-back motion is usually enough and more forth-back motions should be 
avoided, as this can lead to contamination of the aspirate with blood.
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Figure 3. A histologic biopsy is taken in a dog (a), inked (b) and placed in formalin (c) for histologic analysis.

a b c
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Before pulling back on the syringe and injection needle, it is important to first release the negative pressure. This 
prevents the tumor cells from being sucked into the injection port during the removal of the needle, or cells being sucked 
into the syringe and not remaining in the needle. Additionally, this diminishes the chance of bleeding and the drawing of 
blood into the injection needle. If the procedure is executed correctly, the sample will be in the lumen of the needle (not 
in the syringe). After the syringe with the needle is removed from the tissue, the needle is uncoupled from the syringe, 
and 1 ml of air is drawn into the syringe. The needle is then rejoined to the now air-filled syringe, and the sample material 
is squirted onto a glass slide. Using a second slide, the material is spread out (as with a blood sample) at a 45-degree 
angle and dried. If the aspirate contains enough material, several preparations should be made (Figure 4).

Alternatively, the capillary method can be used, whereby a needle is stuck into the lesion without the use of negative 
pressure from a syringe. Unfortunately, this method often leads to a smaller number of cells in the sample. This is 
especially relevant in a lesion that consists of firm tissue; the additional use of vacuum is recommended in these cases 
to increase biopsy yield. Advantages of the capillary method include less blood contamination and increased tumor 
cellularity of the sample. 

9 - THE SURGICAL TUMOR PATIENT

The needle is inserted in the tissue 
and negative pressure is applied 
while carefully moving the needle 
back and forth.

The contents of the needle are 
squirted onto a glass slide.

The material is spread evenly on 
the slide using a second slide in a 
45-degree angle.

4a 4b 4c

A FNAB is Performed in a Cat and Horse (Figure 4a-k)  

The end result. A FNAB is performed in a horse, in 
this case we do not use a syringe.

A FNAB is used in a horse, in this 
case we do use a syringe.

4d 4e 4f



201

Hereafter, the sample can be stained or sent off for further determination as to the nature of the tissue. Cytology is a 
very worthwhile and simple diagnostic tool for obtaining a relatively quick diagnosis. Cytology is superior to histology for 
the examination of some tissues (e.g., bone marrow) and certain conditions of the lymph nodes. 

The ideal FNAB has a high cell number in a small amount of fluid, a creamy aspect, and stays in the lumen of the needle 
during the aspiration. Cytology can only be successful if cells are present on the slide, are not broken, are one cell layer 
thick and are adequately stained. The cytological evaluation of such preparations is in itself, however, not simple, and 
should be performed by an experienced veterinary cytologist. Histological confirmation following excision of the tumor is 
often still required.

9 - THE SURGICAL TUMOR PATIENT

The needle is pulled back and forth 
in the process in several directions 
along the same stab channel.

The FNAB material is squirted onto 
a glass slide.

4g 4h 4i

A FNAB is Performed in a Cat and Horse (Figure 4a-k)  

The FNAB material is squirted onto a 
glass slide.

Using a second slide, the material is 
spread out.

4j 4k

The needle is pulled back and forth 
in the process in several directions 
along the same stab channel.
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9.4.3 Punch Biopsy

Punch biopsies can be used on any external, relatively flat tumor (skin, oral, peri-anal) or on tumors under intact skin if 
the skin is first incised. With dermal punch biopsy instruments (preferably 4-6 mm diameter), a round biopsy specimen 
is obtained that can vary in depth. The sterile biopsy instrument is placed on the disinfected surface of the tumor. 
The skin and underlying tissues are cut using a circular motion, moving in one direction only until a small reduction in 
resistance is felt upon complete penetration of the skin. The biopsy instrument is advanced to the desired depth and 
then removed. During the removal of the biopsy instrument, a circular pulling-back motion is used for soft samples, or 
a scooping motion can be used to cut the deeper attachment of the biopsy specimen in firm samples. The biopsy can 
now be carefully removed using atraumatic forceps, cutting the base with the aid of a pair of small, sharp scissors if still 
attached to the underlying tissues. Serious histological artefacts can develop if the biopsy specimen is picked up too 
forcefully with the forceps. If the scooping motion has succeeded in leaving the sample in the biopsy punch, the sample 
can be removed from the punch using the tip of a needle. After removal, the biopsy can be deposited into a specially 
designed container filled with formalin. One or two sutures can be placed if intact skin or mucous membrane are opened 
(Figure 5).
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Figure 5 a-b. Punch biopsy.

a b

9.4.4 Thick Needle Core Tissue Biopsy

With a thick needle core tissue biopsy, a cylindrical sample of tissue (about 1.0 to 1.5 cm long and 1 mm wide) is 
obtained with the assistance of a specially designed needle (generally 14-gauge in diameter) which is inserted into 
the tissue. The technique is relatively simple, but some experience is necessary in order to obtain the correct biopsy 
specimen. A thick needle core tissue biopsy is usually sufficient to obtain a diagnosis for most types of tumor. However, 
with fluid-filled sarcomas (for example hemangiosarcoma), problems can arise with the interpretation. If this is the case, 
it will be necessary to take subsequent and larger biopsies in order to achieve a correct diagnosis.

By using a number 11 surgical blade, a small stab incision (1-2 mm) is made in the skin after a local anesthetic has been 
applied. The biopsy instrument is inserted through this incision and the stylet is extended. The stylet is now fixed, and 
the shaft is placed over the stylet so as to cut a cylindrical piece of the tissue that remains in the shaft. The instrument is 
subsequently removed as one single object from the tumor. 
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The stylet is extended outside of the shaft and the sample 
of tissue can be removed from the stylet and processed 
(Figure 6). Care should be taken when handling the 
tissue sample and removing it from the stylet. The core of 
tissue should be carefully removed with a scalpel blade, 
hypodermic needle, or fine tissue forceps to avoid iatrogenic 
damage to the sample. 

In general, a needle-core biopsy has larger diagnostic 
accuracy than FNAB, but a lower diagnostic accuracy than 
an incisional or excisional biopsy. For a 5x5 cm mass, one 
core biopsy probably represents less than 1 % of the tumor 
tissue. Therefore, it is often recommended that multiple 
needle-core biopsy samples are obtained in order to improve 
diagnostic accuracy.

9 - THE SURGICAL TUMOR PATIENT

Figure 6. Schematic representation of a thick needle 
core tissue biopsy (a) and the biopsy specimen in the 
stylet (b).

Virtually any mass can be sampled using this method. It may be used for externally located lesions or deeply seated 
lesions (kidney, liver, prostate, etc.) with image-guidance via closed methods or at the time of open surgery. The most 
common usage of the needle core biopsy, however, is for externally palpable masses. Sutures are generally not required 
to close the puncture hole. 

9.4.5 Incisional Biopsy

Samples of tumors can be obtained through use of an 
incisional biopsy. In this procedure, a scalpel is used to 
cut a slice out of the tumor, and the sample is then sent 
for histological examination. The incisional biopsy sample 
should ideally include a junction between normal and 
abnormal tissue so that tumor invasion into normal tissue 
can be assessed. Since a representative biopsy sample is 
required, multiple biopsy samples should be taken and 
areas of ulceration, necrosis or inflammation should not 
be included in the biopsy. However, the amount of normal 
tissue included in the biopsy should be limited, especially 
in areas that are difficult to reconstruct after definitive 
surgical tumor removal (Figure 7).

Figure 7. Example of an incisional biopsy of a tumor on 
the leg of a cat.

Incisional biopsies are often indicated in large, difficult-to-remove tumors, for which an extensive surgical procedure is 
necessary. In these types of tumors, it is important to know if the tumor is malignant or benign because this knowledge 
has important consequences for further therapy. Furthermore, it is important to plan the location of the incisional 
biopsy, as the scar and incisional biopsy tract must be completely removed if it is subsequently decided to surgically 
remove the tumor. The incisional biopsy should therefore preferably be performed by the same surgeon who will 
undertake definitive surgery. Drains should not be used as tumor cells could seed along the drainage tract.

Incisional biopsy is preferred over needle core tissue biopsy in most cases, especially for soft or friable tumors, peripheral 
lymph nodes, highly inflamed, ulcerated and necrotic tumors, and masses on the extremities. Also, when cytology or 
needle core biopsy has not yielded sufficient diagnostic material, incisional biopsy is utilized. 
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Figure 8. Schematic representation of an incision and 
an excision biopsy. It is important to plan the location 
of the incisional biopsy, because the scar must be 
completely excised if it is subsequently decided to 
remove the tumor.

Figure 9. The location of this malignant neurofibrosarcoma 
does not allow an excisional biopsy because adequate 
margins cannot be guaranteed.

9.5 Surgical Therapy

9.5.1 Introduction and General Principles

Oncological surgery, like every type of surgery, ideally leads to the complete recovery of the patient. The best means of 
attaining this goal is to operate in the early stages and to completely remove the tumor. An early and first surgery gives 
the animal the best chance for cure. During the early stages, the chance of metastases is at its lowest, the anatomy 
still relatively normal and the chance of iatrogenic tumor contamination smaller than when compared to possible later 
interventions. An incompletely removed tumor can quickly regrow (this applies to both benign and malignant tumors). 
This occurs through selective growth of the most quickly dividing tumor cells, and due to the fact that the blood supply 
to the remaining tumor cells is relatively better than before the operation. The largest portion of the tumor may have 
been removed, but the majority of the blood supply may still be intact. Recurring tumors after initial surgery are often 
more locally invasive, which will make subsequent surgeries more difficult.

9.4.6 Excisional Biopsy

In the case of excisional biopsy, the entire tumor is removed and sent for histological examination. Careful planning of 
the location of the biopsy tract is important, especially in areas with limited tissue availability (such as the head and 
limbs), as surgical resection of the biopsy tract will be required if the mass is not completely excised (Figure 8). 

An excisional biopsy is only possible if the tumor is relatively small and can be removed with wide margins. Excisional 
biopsies are often used for suspected benign tumors and should not, in the event of a malignant tumor, complicate the 
adjunctive therapy. In the case of an unknown tumor type or malignant tumor, margins of 2-3 cm should be taken around 
the periphery of the tumor in order to achieve complete removal (Figure 9).

Excisional biopsy is performed when the type and extend of treatment would not be altered by knowledge of the tumor 
type. Ideally, excisional biopsies should be restricted to small tumors where adequate margins can be guaranteed 
regardless of the tumor type. 
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Hematogenous spreading tumors metastasize by means of tumor emboli, which are dispersed into the blood supply. 
During the removal of this tumor type it is also advisable to tie off the large arterial and venous blood vessels before 
resection of the tumor. This diminishes the chance of iatrogenic embolization of tumor parts by manipulation of the 
tumor during removal. 

While there is no solid evidence to support the view that taking a biopsy increases the chance for tumors to spread, 
contamination is always possible. Likewise, cutting into the tumor during a complete removal should also be avoided. 
Local tumor contamination can result in recurrence.   

Sufficient margins of normal tissue should be adhered to 
when removing malignant tumors. The capsule of these 
types of tumor actually consists of compressed, viable 
tumor cells, not connective tissue. Furthermore, it appears 
that these tumors often contain finger-shaped projections 
of tumor cells growing into the normal tissue (compare 
this to the tentacles of an octopus), making wide excision 
necessary. The marginal removal of malignant tumors 
(such as fibrosarcomas) usually leads to a recurrence. A 
good rule of thumb here is to remove 2 to 3 cm of normal-
appearing tissue around the tumor (remember the depth!) 
or minimally to remove an extra tissue layer (for example, a 
muscle fascia; Figure 10). 

Figure 10. During removal of malignant tumors, a 
large margin of normal tissue needs to be obtained to 
prevent tumor contamination and recurrence.

Tumors must be handled with care at all times. Excess manipulation of the tumor should be avoided, such as squeezing 
(especially in mast cell tumors), the placement of forceps and other instruments on the tumor, the tearing away of 
tumor tissue and cutting into the tumor. Incising a malignant tumor during the operation is not advisable due to the 
contamination mentioned previously.

After the removal of the tumor, the wound bed can be irrigated with physiological saline solution in order to decrease the 
chance of tumor contamination. Tumor contamination can be further minimalized by the changing of gloves and the use 
of clean instruments after the removal of the tumor and before the closing of the wound.  

Drainage of the excision site is often necessary to prevent seroma formation after resection of a large tumor. Proper 
hemostasis (for instance, use of electrocoagulation) will minimize the chance of occurrence of a seroma. In placing the 
drain, one must realize that the drain exit can also become contaminated with tumor cells if the tumor is removed too 
marginally.

The aggressiveness of surgical resection (surgical dose) can be categorized as radical (removal of a body part), wide, 
marginal (incomplete excision of a tumor with residual microscopic disease), or intralesional/debulking (incomplete 
resection of a tumor with residual macroscopic disease). The margins of excision should be determined on the basis 
of tumor type, aggressiveness, anatomic location and the barrier provided by surrounding issue. A common mistake in 
surgical oncology is the use of a surgical dose that is too low, particularly from fear of being unable to close the resultant 
defect. Not being able to close a wound should never be used as an excuse for incomplete resection. A problem involving 
the inability to close is always less serious than a possibly recurring tumor.

Additionally, there are a multitude of possibilities available to close the wound in alternative ways through reconstructive 
surgery.  
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Instruments can become dirty (possibly contaminated with the tumor) during the surgical procedure, and if multiple 
tumors in various locations are present or if multiple procedures must be performed, care must be taken to not cross-
contaminate the site with dirty instruments. When this occurs, there is a possibility of causing iatrogenic tumor 
contamination in the other incision locations. For instance, in the case of a dog or cat with mammary tumors, where an 
ovariectomy (OVE) must be performed, it is preferable to first carry out the OVE and to remove the tumors thereafter.

The final diagnosis is very often determined through histological examination. The margins must always be examined by 
a pathologist as the surgeon must know if the tumor has been completely removed. Misunderstandings can be avoided 
by clearly indicating exact location, margins and tissue orientation in the pathology report. 

The margins, important to the surgeon, can be indicated 
using sutures or Indian ink (Figure 11). The use of the 
preparation containing Indian ink has no adverse effects on 
the quality and ease of evaluation of the histological biopsy 
specimen. In the event that the tumor is not completely 
removed, a second or additional therapy can be considered. 
The results of the histological examination must answer the 
following questions: 
 

1. Is it a tumor?  
2. What is the nature of the tumor  
 (malignant versus benign)?  
3. What type of tumor is it? 
4. What is the grade of the tumor (if applicable)? 
5. Are the margins free from tumor tissue?  

Figure 11. A suture is used to point out an area of 
interest for the pathologist on a pathologic specimen.

In some instances, the result of the histological examination will not be consistent with that of the clinical perspective. 
Should there be any doubt, the best course of action is to contact the pathologist directly. This discussion may lead to a 
re-evaluation, a repeat of the biopsy or the use of special additional stains for further tumor typing. Not sending a tumor 
biopsy for evaluation after its removal can be viewed as a professional error; the exception being those cases where the 
owner does not allow the tissue to be further evaluated. If the owner does not want further examination, the tissue 
can still be stored in 10 % formalin solution. This allows sending the sample for histological examination if the clinical 
progressive course of the disease warrants further action. Making a judgement on the nature (benign versus malignant) 
of the tumor based on the ‘outside’ of the tumor is very unreliable and must be avoided.  

Multiple treatment modalities may be needed in the treatment of some patients, including a combination of surgery, 
medical oncology or radiation oncology. The goal of this multimodal effort is to maximize the treatment benefits and 
potential for cure, whilst minimizing adverse effects.

9.5.2 Curative Surgery

The ultimate goal of every oncology surgeon is the complete 
cure of the patient.  

This can only be attained if the tumor is removed in its 
entirety and no metastases are present. Wide and radical 
resections are considered as curative-intent surgeries and 
are recommended in managing most solid tumors. Benign 
tumors are usually curatively removed (Figure 12).  

Figure 12. A curative 
excision of a giant 
cell epulis in a cat 
using a rostral 
mandibulectomy.
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9.5.3 Palliative Tumor Surgery

The object of palliative tumor surgery is the removal of a tumor to improve the quality of the patient’s life by minimizing 
the symptoms of the disease, without necessarily increasing the expected lifespan of the patient. Indications for this 
type of treatment are, for example, very painful or ulcerated tumors in patients with confirmed lung metastases. An 
example of palliative surgery is limb amputation in a dog with persistent pain secondary to a primary bone tumor. 
Debulking surgery is rarely palliative. Palliative surgery is contra-indicated when the quality of life will not be improved or 
if there is an unnecessary risk of morbidity or mortality. 

Palliative surgery should be tailored to the individual patient. The decision to undertake palliative surgery should 
be based on full knowledge of the individual’s symptoms and current quality of life, weighed against the expected 
improvement in quality of life. The pet owners should be well informed about the aims of palliative surgery in such a way 
that their expectations about the surgery are realistic. 

9.5.4 Life-Prolonging, 
Non-Curative Surgery

A good example of life-prolonging, non-curative surgery 
is the surgical procedure for a hemorrhaging splenic 
hemangiosarcoma. This type of tumor, in most instances, 
has already metastasized by the time diagnosis is made, but 
surgery to remove the primary tumor (splenectomy) may 
still be indicated in order to prevent further hemorrhage and 
immediate death (Figure 13).  

Figure 13. The removal of a ruptured splenic tumor 
may be a life-saving procedure with a short-term good 
quality of life.

9.5.5 Cytoreductive Tumor Surgery

The incomplete removal of tumors, whereby microscopic 
disease is left behind (planned or unplanned), is referred 
to as cytoreduction (or debulking). When it is planned, 
this procedure is usually employed in conjunction with 
additional therapy. Simply put, this is a procedure where 
tumor cells that remain in the body are later killed by 
adjuvant treatment like chemo-, immuno- or radiotherapy 
(radiation). Debulking surgery alone is rarely an acceptable 
treatment for neoplastic diseases because tumor regrowth 
is usually rapid, and the macroscopic disease left behind 
makes adjunctive treatments less effective if not employed 
in conjunction with the surgery. Without additional 
therapy, cytoreduction has no merit and is, at the very 
least, a burden for the patient. Examples of indications for 
cytoreductive surgery include osteosarcoma (amputation in 
combination with chemotherapy; Figure 14) and mast cell 
tumors (narrow resection in combination with radiation).  

Figure 14. A 3-D reconstruction of an osteosarcoma in 
the distal radius of a dog. Amputation alone, without 
adjunctive chemotherapy will not improve life-
expectancy, so may be seen as a cytoreductive surgery.
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9.5.6 Preventative Tumor Surgery

In some instances, it is possible to prevent tumor formation 
by either removing tissue or glands that possibly will 
undergo neoplastic changes, or by removing tissue or glands 
that produce hormones involved in tumor development 
at target sites. The most common examples of this are 
the significant reduction of mammary tumors after an 
early OVE/OVH and the prevention of testicular tumors 
through castration in the cryptorchid or normal male dog. 
Removal of precancerous lesions, such as carcinoma-in-
situ (carcinoma that has not yet broken through the basal 
membrane) and benign rectal tumors, can be regarded as 
examples of preventative tumor surgery as well (Figure 15).  

Figure 15. Removal of a cryptorchid testicle is a 
preventative oncologic surgery for a testicular tumor 
as shown here.

9.5.7 Lymph Node Removal

At times, it is advisable to remove the regional lymph node ('en bloc' resection) whilst resecting the primary tumor. This is 
particularly the case when dealing with epithelial tumors (carcinomas) as they are more likely to metastasize to regional 
lymph nodes than mesenchymal cancers (sarcomas).

Enlarged lymph nodes in patients with tumors must always be examined. This is usually performed pre-operatively using 
a fine needle aspiration biopsy and additional cytology; the goal of which is the determination of the type of tumor and 
for staging (prognosis determination). When the cytology gives no clear diagnosis, it is possible to remove the lymph 
node operatively. The excision of the lymph node and subsequent histological examination give a better indication of 
possible metastases. The authors use two stipulations for the removal of regional lymph nodes:

1. Tumor cells are present in the lymph node and have not expanded into deeper-lying structures.
2. The lymph node can be used in order to determine the stage of the tumor. For example, in mammary tumors  
 in the dog and cat, the superficial inguinal lymph node is almost always removed through use of a caudal  
 block resection. This is of special importance if the decision for adjuvant therapy (irradiation or chemotherapy)  
 will be based on confirmation of metastatic or residual cancer. Clinically normal lymph nodes and lymph nodes  
 in anatomically or surgically inaccessible areas are more likely to be biopsied than removed. Removal of normal  
 lymph nodes is not advisable because of a possible reduction in local resistance.

Sentinel lymph nodes are the lymph nodes that directly drain the tumor area. Sentinel lymph node mapping has 
prognostic advantages when determining the survival of certain patients. Sentinel lymph node mapping can be 
performed by injecting either radiographic visible, radioactive or coloring substances into the tumor and periphery. After 
a period, the sentinel or draining lymph nodes will be visible either by a discoloration (methylene blue) or by adjunctive 
diagnostic techniques (Figure 16).  
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9.6 Postoperative Care

The responsibility of the surgeon does not end with closure of the incision. Adequate pain management and support 
during post-operative recovery expedites a speedy recovery process. For further information, the reader is referred 
to Chapter 16. Post-operative management should also include careful attention to the wound healing process, 
assessment of a return to normal physiologic function, and checking for tumor recurrence and metastasis.

9.7 Expected Complications

Complications that are expected after a tumor surgery include diminished resistance and infection, increased chance of 
bleeding attributed to clotting problems and neovascularization and delayed wound healing. The latter can be caused by 
the tumor itself (regrowth) or by systemic effects of the tumor, such as tumor cachexia.  

A major complication of tumor surgery is tumor recurrence and metastasis (which may or may not be present at the time 
of surgery). After the patient has recovered from surgery, regular follow-up evaluations are important in screening for 
local tumor recurrence and distant metastasis for early detection and therapy. The interval between repeated follow-up 
evaluations depends on the tumor type, clinical stage and current additional treatments (e.g., adjuvant chemotherapy, 
radiation therapy). As a general rule, patients should be examined monthly for the first 3 months, then quarterly for 12 
months, and every 6 to 12 months thereafter.

a b c

d e

Figure 16. Sentinel lymph node mapping can be used to find the correct draining lymph nodes. You can use radiographic 
materials to inject (a) and visualize (b) or sterile methylene blue solution to inject (c) and visualize (d). 

16a. Peritumoral, four-quadrant injection with Lipiodol; 16b. Regional radiograph 24 hours post Lipiodol injection showing 
positive contrast enhancement of the superficial cervical lymph node; 16c. Peritumoral, four-quadrant injection with methylene 
blue for intraoperative sentinel lymph node mapping; 16d. Blue colored afferent lymphatics leading to the superficial cervical 
lymph node; 16e. Blue colored superficial cervical lymph node, confirming that this is the sentinel lymph node. This lymph node 
was non-metastatic. Images courtesy to Dr. Julius Liptak.
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9.8 Principles of Quality Control 

In veterinary medicine, quality of care is usually seen as synonymous with professional quality. However, not only 
professional quality is important, but also logistic and relational quality. Quality control can be defined as a way to 
achieve optimal treatment results in all these three domains of quality. 

Quality can be measured by clinical outcome or by evaluating process indicators. Outcome parameters (e.g., survival) are 
generally assessed by the professionals, whilst process indicators (e.g., the period that a patient is on the waiting list) are 
under general public scrutiny. Process indicators should measure the process in a reliable way, should capture an aspect 
of quality that is widely regarded as important and relevant, and should be responsive to changes in management. Many 
veterinarians fear that indicators will be used against them; however, more attention is paid to failures in the system 
than to the mistakes of an individual.

Professional quality can very likely increase the outcome by increasing patient volume, training and specialization. 
Organizational quality is increasingly important, as the enormous increase in diagnostic modalities have caused 
enormous complexity in the handling of patients. Relational quality includes communicating bad news, and the pet 
owner may expect this to be part of the professional behavior of the surgeon. Good communication with patient owners 
is thus an essential part of the quality of care.

All efforts to increase quality should result in care increasingly meeting or exceeding the customers’ requirements. In 
surgical oncology, quality is relevant for both the short-term outcome during the initial treatment period, and the long-
term outcome, which reflects the more specific oncological aspects.

9.9 Conclusion

Tumor surgery has an important place in the treatment of cancer. A radical surgical removal after a proper diagnosis 
often gives the best result. Large tumors in inaccessible places should be biopsied prior to removal.  
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10.1 Diagnostic Procedures 

10.1.1 Paracentesis

Paracentesis is the insertion of a needle (puncture) into the abdominal cavity. A paracentesis is usually conducted for 
diagnostic purposes. The puncture is mainly made to determine the nature, and to a lesser degree also, the amount of 
free fluid in the abdominal cavity. Normal abdominal fluid is clear and light yellow in color; erythrocytes are not present; 
the total amount of leucocytes is comparable to that in the blood; and the total protein content is lower than 2.5 g/l. 
Normally, the abdominal cavity contains only a small amount of fluid and aspiration will only yield a few drops to a few ml 
(depending on the type and size of the animal). 

Many disorders can lead to an increase in the amount of abdominal fluid and to its nature and composition. Abdominal 
fluid can be examined cytologically, biochemically and bacteriologically. The results are often compared to the values 
in blood. The number and nature of the cells are determined using cytological examination. For instance, free or 
phagocytosed bacteria can indicate the presence of a septic peritonitis. An intra-abdominal bleeding could be suspected 
if the hematocrit of the abdominal fluid is identical to that of blood. The amount of the total protein content, measured 
by biochemical examination, gives information on the nature of the fluid: transudate (< 2.5 g/l), modified transudate or 
exudate (> 3 g/l) (Table 1). Furthermore, the determination of urea, creatinine and potassium in the abdominal fluid is 
important to the diagnosis of uroabdomen (urine in the abdominal cavity) and glucose and lactate for septic peritonitis. 
If a chyloabdomen (chyle in the abdominal cavity) is suspected, the measurement of triglycerides and cholesterol will 
confirm the diagnosis (triglycerides higher than that of serum, cholesterol less than or equal to that of serum). Bacterial 
culture and antibiotic susceptibility testing are necessary if a septic peritonitis is suspected and to determine the choice of 
antibiotic therapy. 

In horses with colic, an abdominal puncture is often performed for diagnostic purposes and for determining the prognosis. 
The presence of erythrocytes indicates strangulation of intestine and presence of food particles indicates rupture of 
(usually) the stomach.

Table 1: Types of Abdominal Fluid

10 - ABDOMINAL SURGERY

Fluid type

hemorrhagic

transudate

exudate

urine

chylus

bile

Findings

Hematocrit comparable to blood

total protein < 2.5 g/l
< 1500 cells/ml

total protein > 3 g/l
5000 cells/ml
normal leucocytes

degenerative leucocytes 
and bacteria

creatinine, urea (BUN),
potassium level higher than 
(depending on species) in serum

cholesterol and triglycerides
levels higher than in serum

gold and dark brown to black 
pigment in background

Cause

intra-abdominal bleeding or hemorrhagic infarct,  
for instance in a strangulation of a bowel

right-sided heart failure
hypoalbuminemia
liver problems causing high pressure in the portal vein

normal after surgery
sterile foreign body

septic inflammation
(bowel rupture, pancreatitis, penetrating wound)

ureter, bladder or urethra rupture

neoplasia, lymphangiectasia, trauma

Gallbladder or biliary tree rupture; duodenal ulceration
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Sometimes, a paracentesis is conducted in the course of the treatment, for example, in uremic patients with uroabdomen, 
in order to remove urine from the abdomen and to help correct elevated concentrations of urea, creatinine and potassium 
in the blood. In severely dehydrated animals (calves, for example) the paracentesis can be done for intra-abdominal fluid 
administration (fluid infusion). 

10 - ABDOMINAL SURGERY

10.1.1.1 Paracentesis Technique

In large animals, it is preferable to perform the puncture 
on a standing animal. In small animals, it is usually done in 
lateral or ventral recumbency. Sedation is seldom necessary. 
Punctures for a diagnostic purpose are done at the lowest 
point of the abdominal cavity, thus, in the midline or directly 
adjacent to it (paramedian; Figure 1). In order to avoid 
perforating internal organs, in large animals the puncture is 
not performed with a sharp needle, but rather with a blunt 
tip metal teat cannula. The cannula has a rounded-off end 
with two openings on the side. The cannula is inserted into 
the abdominal cavity, after having sharply perforated the 
skin and the linea alba (median) or outer layer of the rectus 
sheath (paramedian) with a number 11 scalpel blade. In 
companion animals, the puncture is usually performed with 
a sharp hypodermic needle. 

Figure 1. A paracentesis (in this case cystocentesis) 
is performed in a dog collecting the urine in a sterile 
fashion.

Maintaining strict asepsis is important to avoid contamination of the abdomen. The site of the puncture must first be 
clipped, aseptically prepared, and may then be anesthetized by local infiltration anesthesia, if necessary. In the bovine, 
usually the right paramedian is punctured in order to avoid puncturing the rumen. 
In the dog, a paramedian puncture on the right side is also indicated to avoid damaging the spleen. If only a small amount 
of fluid is found in the abdomen, the puncture can be considered negative. In this case, the abdominal cavity may be 
irrigated with an isotonic saline solution. After instilling approximately 20 ml/kg into the abdomen, the patient is carefully 
turned in order to disperse the fluid. After this, removal of fluid from the abdomen is again attempted. This is referred to 
as peritoneal lavage. 

10.1.2 Enterocentesis

Enterocentesis is the puncturing of the small or large intestine. It is usually performed for therapeutic reasons, i.e., to 
remove gas from a distended part of the intestine. A prerequisite for an enterocentesis is that the intestinal portion 
concerned must lie directly against the abdominal wall. The procedure is performed (among other methods) in bovine 
ruminal bloating (tympany; ruminocentesis), in cecal meteorismus in the horse, and in gastric dilatation volvulus in the dog. 
In severely bloated patients, enterocentesis can be lifesaving. 

10.1.2.1 Technique of Enterocentesis

The puncture is performed with a sharp metal needle or with a trocar. The puncture site must be clipped, disinfected, 
and if necessary, anesthetized. In the bovine or equine, the enterocentesis is often performed on a standing animal. The 
ruminocentesis is done in the left upper flank.  The needle or trocar is inserted in the abdominal wall until it reaches the 
rumen, aiming at the contralateral elbow. The cecum of the horse is punctured via the right upper flank; in this case, also 
aimed at the contralateral elbow. 
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In case of high abdominal pressure caused by a hydroallantois or a hydramnion, relief can be provided by puncturing the 
uterus (amniocentesis). Approximately 25 liters of amniotic fluid can be drained from the uterus through a trocar inserted 
into the right flank while waiting for birth induction. In the dog with a GDV (gastric dilatation/volvulus), a puncture of the 
stomach can be done in a standing animal as well as in dorsal or lateral recumbency. The needle is inserted at the upper 
part of the left or right flank just behind the rib cage at a site where a tympanic tone can be heard on percussion. This 
ensures that the spleen will not be punctured. When the gas escapes the stomach will shrink. Longer needles remain in the 
lumen longer than short needles and allow the evacuation of larger amounts of gas. 

10.2 Opening of the Abdomen Cavity

10.2.1 Introduction

The terms ‘celiotomy’ and ‘laparotomy’ are both used to refer to the surgical opening of the abdominal cavity. Celiotomy is 
a general term that means ‘opening the abdominal cavity’. Laparotomy is more specific and means ‘opening the abdomen 
through a flank incision’. The term laparotomy is, nevertheless, often used as a general term to indicate all methods to 
open the abdomen. Most celiotomies are therapeutic procedures, but sometimes a celiotomy is done for diagnostical 
purposes. In this case it is designated as an exploratory celiotomy or exploratory laparotomy. 

Before performing a laparotomy, a number of factors must be considered. These include: 

• The position of the animal: standing or recumbent
• The site of the incision
• The type of incision

These factors are interrelated: the position of the animal limits the number of approaches that can be used. 

10.2.2 Position of the Animal

Animals can be operated in a standing position or in dorsal, ventral or lateral recumbency. Operations on a standing animal 
can only be performed with local anesthesia. All other approaches can be performed with local or general anesthesia. 
The choice to operate on a standing animal applies only to adult horses and cows, because these animals can be forced 
to remain standing throughout the procedure. Celiotomies in small animals (dog, cat, foals) are almost always performed 
in dorsal recumbency, and under general anesthesia. Small ruminants (calf, sheep and goat) are often operated in lateral 
recumbency under local anesthesia. Sternal recumbency has been described for endoscopic procedures in dogs and cats.

Table 2. Advantages and Disadvantages of Standing Versus Recumbent Surgery
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Position 

standing, awake

laying down
under anesthesia

Advantages

physiologic; normal placement of organs; 
no general anesthesia necessary; normal 
respiration

excellent analgesia (most of the times) 
and anesthesia, safer, better aseptic 
techniques possible, good visibility

Disadvantages

limited approach and visibility of 
the abdomen; analgesia sometimes 
insufficient, safety aspects for animal 
and surgeon

more costly, logistics are necessary, 
non-physiologic position patient; 
respiratory depression (esp. in 
herbivores)
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10.2.3 Location of the Incision

The choice of the approach to the abdomen depends on the location of the abnormality and the procedure that is being 
performed. In general, an approach is chosen that gives the best access to the organs that need to be approached. As an 
example: a caudal midline incision is the preferred approach for an ovariohysterectomy in dogs and cats, but an adrenal 
tumor is best removed through a flank incision (paracostal incision).

In companion animals, a midline incision is considerably less traumatic than a paramedian incision or flank incision. If the 
incision is made in the midline only the rectus sheath is cut. There is no muscle trauma and therefore little hemorrhage. 
But if the incision is made parallel to the midline (paramedian) or in the flank, muscles must be cleaved, and trauma is 
inevitable. The amount of trauma differs with the type of incision.

Table 3.  Common Locations of Incisional Approaches
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Animal

Cattle

Horse

Small ruminants

Pig

Dog

Cat

Type of Approach

left or right flank incision (standing)
paracostal (lying down)
(para)median (laying down)

flank (standing & laying down)
paramedian, parapreputial (laying down)
paracostal (laying down)
median (laying down)
via inguinal canal in cryptorchids (laying down)
via vagina during sterilization (standing & laying down)

flank
paramedian

flank
(para)median

median/paramedian
flank
combination median and paracostal

median
flank

10.2.4 Type of Incision

The type of incision pertains to the manner in which the layers of the abdominal wall are separated. The surgeon may 
choose between three types of incisions: 

1. Through-and-through
2. Complete grid 
3. Partial grid incision
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10.2.4.1 Through-and-Through Incision

With a through-and-through incision, all layers of the abdominal wall are cut in the same direction. In a flank incision, 
only a through-and-through incision results in that only the transverse abdominal muscle is cut in the direction of its 
fibers; the internal and external abdominal oblique muscles are cut at an angle to the direction of their fibers

• Advantage: this method produces a large incision that provides good access to the abdominal cavity and most   
 of its organs. 
• Disadvantages: the incision causes considerable tissue damage, mainly due to the cutting of the muscle fibers   
 including a greater chance of hemorrhage and complications during wound healing; risk of undesired prolapse   
 of intestines during the operation (for instance in a severely overfilled abdominal cavity or with resistance and   
 abdominal straining of a standing animal). 
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10.2.4.2 Complete Grid Incision

In the complete grid incision, each muscle is bluntly separated in the 
direction of its fibers. This means that the incision has a different direction 
in each layer of the abdominal wall.

• Advantages: minimal tissue damage; the wound can be sutured   
 quickly and easily, and minimal suture material is necessary; no   
 undesired prolapse of the intestines (in large animals, the wound  
 closes around the arm of the surgeon and also when the arm is   
 pulled out). 
• Disadvantages: the opening is smaller and provides less access to  
 the abdominal organs than a through-and-through incision.  

10.2.4.3 Partial Grid Incision

In the partial grid incision, the advantages remain of both of the above-
mentioned methods, while the disadvantages for the most part are 
eliminated. The external oblique muscle is incised at an angle to the muscle 
fibers while the internal oblique and transverse abdominal muscles are cut 
bluntly in the direction of the muscle fibers. The complete and partial grid 
incisions are mainly used in large animals in a standing position. 

Figure 2. A paracostal grid incision in 
the dog.

10.2.5 Laparotomy in the Bovine

10.2.5.1 Indications

The most important indications for a laparotomy in bovines are: 

• Surgical treatment of abnormalities of the digestive tract (for example abomasal displacements)
• Surgical procedures of the urogenital system (such as a Cesarean section) 
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Laparotomies in adult cows are mostly conducted on the standing animal, where the affected organ is approached 
from one of the flanks. Depending on the indication for the operation, this will either be the left or the right flank. 
The C(esarean)-section, the Utrecht method for operative treatment of the abomasum dislocated to the left and the 
rumenotomy are the most important indications for a laparotomy of the left flank. The most important indications for 
a right-sided procedure are the surgical treatment of an abomasal displacement to the right, abomasal displacement to 
the right (Hanoverian method) and of intestinal diseases (jejunum-intussusception, cecal dilatation/dislocation). The 
through-and-through incision is indicated for the Cesarean section and for a rumenotomy, because in these cases, a large 
laparotomy wound is necessary. In other therapeutic laparotomies, a partial grid incision is used (especially during right 
flank laparotomies). A complete grid incision is seldom performed and only in exploratory (or diagnostic) laparotomies, 
where the surgeon expects it will not be necessary to exteriorize abdominal organs. The laparotomy in the standing large 
animal is often performed under local anesthesia. This anesthesia can be administered by means of local infiltration 
anesthesia, by a paravertebral nerve block of the T13, L1, L2 and sometimes also L3 spinal nerves or an inverted L block. 
An inverted L block involves infiltration of the skin, subcutaneous and deeper tissues with local anesthetic in an inverted 
L shape. It provides analgesia of the area caudal and ventral of the block, where the incision is made. A paravertebral 
nerve block is preferred above infiltration anesthesia and inverted L block, but all techniques are frequently used. 

10.2.5.2 Through-and-Through Incision

Ventral to the transverse processes of the lumbar vertebrae, a vertical (dorsoventral) through-and through incision 
is made through the skin and subcutis. Hereafter, the external abdominal oblique muscle and the internal abdominal 
oblique muscle are cut in the same direction, thus almost perpendicular and crosswise to the direction of the fibers. 
Bleeding vessels are clamped with vessel clamps and ligated. After this, a small incision is made in the transverse 
abdominal muscle. Depending on the location of the laparotomy wound (high or low in the flank), this involves either the 
muscular or tendinous portion. The tendinous portion is called the transverse fascia. 

Next, the peritoneum is picked up with forceps, raised and carefully incised to prevent damage to the underlying 
abdominal organs. Using two fingers for protection and guidance, the incision is extended in both directions. Each 
incision in the consecutive separate layers of the abdominal cavity is shorter in length than the one in the previous 
layer; the incision in the skin is therefore the longest; the incision in the transverse abdominal muscle, in this case, the 
transverse fascia and the peritoneum the shortest. The laparotomy wound is closed in multiple layers. The peritoneum, 
the transverse fascia or the transverse abdominal muscle are sutured together with one single continuous suture. 
The internal oblique abdominal muscle and the external oblique abdominal muscle can either be sutured together or 
separately. This can be done with interrupted sutures but is usually done in one (both muscles together) and two (each 
muscle apart) continuous suture pattern(s). For laparotomies high up in the flank, a separate subcutaneous suture is 
not necessary, because in that location there is very little fat in the subcutis. Lower in the flank, there is more subcutis 
present, and this is sutured as a separate layer using a simple continuous suture pattern. The skin muscle that is present 
here is normally not included in the subcutis suture. Finally, the skin is closed with an interrupted or continuous Feston 
(interlocking) suture pattern.

10.2.5.3 Partial Grid Incision

In a partial grid incision, the skin, the subcutis and the external oblique abdominal muscle are cut in a vertical direction. 
The internal oblique abdominal muscle is cut in the direction of its fibers. Following that, a small incision is made in 
either the transverse abdominal muscle or the transverse fascia (or both) and these are further opened together with the 
peritoneum in the same manner as described above. The peritoneum, the transverse fascia or the transverse abdominal 
muscle are sutured together in one simple continuous suture pattern. The internal oblique abdominal muscle is closed 
with a few (two or three) interrupted sutures, after which the external oblique muscle is sutured with a continuous 
suture pattern. The subcutis (if necessary) and the skin are closed as described in the through-and-through incision 
technique. 
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10.2.5.4 The Complete Grid Incision

With the complete grid incision, the skin and the subcutis are incised in a vertical direction. Both oblique abdominal 
muscles are bluntly dissected in the direction of their muscle fibers. The transverse fascia or abdominal muscle and the 
peritoneum are opened as described previously. 
The peritoneum, the transverse fascia or abdominal muscle are sutured together in one simple continuous suture 
pattern. The internal oblique and the external oblique abdominal muscles are sutured separately with a few interrupted 
sutures, after which the subcutis (if necessary) and the skin are closed as described above. 

10.2.6 Laparotomy in Small Ruminants

Small ruminants (sheep, goats and calves) are operated in the recumbent position. The type of incision is often the same 
as in large ruminants. This means that laparotomies that are performed as the result of disorders to the digestive tract 
and Cesarean section are often performed through a flank incision. Another laparotomy technique that is performed 
regularly (especially in bucks and rams) is the one in urolithiasis to remove stones and/or gravel from the urinary bladder. 
During this surgery, the abdominal cavity is opened in its caudal portion either by a paramedian, directly next to, or a 
median incision in the midline under the preputium and the penis. In both instances, a through-and-through incision is 
made. For detailed explanation of the procedures, refer to the comparable laparotomy method for horses. 

10.2.7 Laparotomy in the Horse

10.2.7.1 Indications

The most important indications for a laparotomy in the horse are: 

• Surgical treatment of abnormalities of the digestive tract (for example displacements, strangulations,    
 obstructions, etc.) 
• Surgical procedures to the urogenital apparatus, such as: 

• In the mare: Cesarean section, ovariectomy, repositioning of a uterine torsion
• In the stallion or gelding: removal of abdominal testicles, removal of bladder stones, closing of a   

 rupture of the bladder 
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10.2.7.2 Median Celiotomy (Laparotomy)

A median celiotomy is the preferred approach in disorders of the digestive tract. With the animal in dorsal recumbency, 
the abdominal cavity is opened in the ventral midline, beginning directly cranial of the umbilicus and stretching forward 
over the desired distance. A through-and-through incision is made. One-by-one in the same direction (caudocranial), 
the skin, the subcutis, linea alba and peritoneum are incised. The linea alba is a very sturdy band of connective tissue in 
the horse that lies in the ventral midline of the abdominal wall. The linea alba is formed by the aponeuroses of the flank 
muscles, and therefore of the outside and inside layers of the rectus sheath. The dissection of the linea alba must occur 
carefully in order not to open the rectus sheath. The preferred manner of opening the peritoneum is by dissection of the 
hepatic teres ligament remnant, which manifests itself as a tiny band connective tissue (of a few millimeters wide) in the 
peritoneum in the abdominal midline (Figure 3).
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The closing of the wound occurs in four layers. The peritoneum is closed with a simple continuous suture pattern in the 
hepatic teres ligament. The linea alba can be closed with interrupted sutures, but is usually closed with a continuous 
suture pattern, as is the subcutis. The skin is closed with interrupted sutures or with a continuous subdermal or 
intracutaneous suture. The median celiotomy results in a wound that is large enough to be able to manipulate and 
expose the intestinal organs and to carry out the necessary procedures (enterotomy, bowel resection and anastomosis). 
The wound closure is relatively simple; there is little bleeding and the linea alba is easily closed. The latter is important, 
because the linea alba is the strongest layer of the ventral abdominal wall. A good closure of the linea alba is essential in 
order to obtain proper healing of the abdominal wall and prevent wound dehiscence. A poor closing technique can result 
in a postoperative ventral hernia. 

10.2.7.3 Paramedian Celiotomy

In the paramedian celiotomy (or laparotomy), the abdominal cavity is not opened via the linea alba but instead via the 
left or right rectus sheath, located directly next to the linea alba. The sheath of the rectus abdominis muscle consists of 
an external and internal leaf. The external leaf lies on the outside and is formed by the aponeuroses of the external and 
internal abdominal oblique muscles, while the internal leaf is formed by the aponeurosis of the transverse abdominal 
muscle. The fibers of the rectus muscle run longitudinally. The paramedian laparotomy can be performed as a through-
and-through incision or as a grid incision. 

In cases where much room is needed in order to maneuver, a through-and-through incision is applied. This could be in the 
case of a re-laparotomy in the horse (which was recently operated via the linea alba) and where, in order not to disturb 
wound healing, a second opening of the previous abdominal incision is not recommended. In such a case, the abdomen is 
opened in the paramedian area next to the first laparotomy wound. In a craniocaudal or caudocranial direction, one-by-
one the layers are cut: skin, the subcutis, the outside layer of the rectus sheath, the abdominal rectus muscle (bluntly in 
the direction of the muscle fibers), the inside layer of the muscle sheath and the peritoneum. The laparotomy wound is 
closed as follows: The peritoneum is sutured together with the inside layer of the rectus sheath with a simple continuous 
suture pattern. The abdominal rectus muscle is closed with a number of interrupted sutures. The outside layer of the 
rectus sheath can be closed with an interrupted suture pattern but is usually closed with a simple continuous suture 
pattern. The subcutis and the skin are sutured as described in the median laparotomy technique. Whenever less working 
space is necessary to maneuver inside the cavity, a grid incision is used, which is usually shorter than the above-described 
through-and-through incision methods. An example of this is the parapreputial laparotomy, which is performed next to 
and parallel to the preputium for the removal of a testicle from the abdominal cavity. 

Figure 3. An example of a midline incision in a horse.

a b



223

10 - ABDOMINAL SURGERY

In a craniocaudal or caudocranial direction, an incision is made into the skin, the subcutis and the outer layer of the 
rectus sheath. The abdominal rectus muscle is bluntly dissected in the same direction. Following this, the inner layer of 
the rectus sheath is bluntly dissected in the direction of the muscle fibers, in other words, perpendicular to the midline; 
the peritoneum is opened in this direction as well. During the closure of the wound, the peritoneum and the inside layer 
of the rectus sheath are sutured together with a few interrupted sutures. The abdominal rectus muscle, the outside layer 
of the muscle sheath, the subcutis and the skin are closed as described in the above paramedian through-and-through 
incision. 

It is more difficult to get a good visual overview of the paramedian laparotomy wound because there are more layers in 
the abdominal wall, and more bleedings will be encountered during this type of laparotomy, especially in the abdominal 
rectus muscle. The closing of the peritoneum and the inside layer of the rectus sheath is often complicated because of 
limited visibility. The utmost care must be given to the closing of the exterior layer of the rectus sheath, because this is 
the strongest layer of the abdominal wall. A proper closing of this type of laparotomy is essential for the proper healing 
of the laparotomy wound and to prevent dehiscence. 

10.2.8 Celiotomy in the Dog and the Cat

10.2.8.1 Indications

Indications for a celiotomy in the dog and the cat are numerous. The most common procedure in small animal surgery is 
ovariectomy or ovariohysterectomy. A median celiotomy is the most common method to obtain access to the abdominal 
cavity. For specific procedures (such as removal of an adrenal tumor in a dog with hyperadrenocorticism) a paracostal or 
flank laparotomy may provide better access. 

10.2.8.2 Median Celiotomy

The patient is placed in dorsal recumbency. The best 
position for a right-handed surgeon is at the right side of 
the patient because the manipulation of organs inside the 
rib cage is easier in this position than from the left side. The 
skin is incised in the midline from the xyphoid process to the 
pubis. In male dogs, the incision is deflected along the penis 
(using a parapreputial incision). The subcutaneous fat may 
be dissected from its attachment to the linea alba to allow 
a better exposure of the linea. In male dogs, the branches 
of the superficial caudal epigastric artery to the prepuce are 
ligated and transected. Additionally, the preputial muscle is 
transected. The penis is retracted to the opposite side and 
the linea alba is further exposed (Figure 4).

Figure 4. An example of a paramedian (parapreputial) 
incision in a dog, note the swelling caused by an 
incisional hernia of the linea alba.

The abdominal cavity is opened in the linea alba. The anatomical differences between the cranial and the caudal part of 
the abdomen must be kept in mind. In the cranial part, the abdominal rectus muscle is surrounded by the rectus sheath. 
This consists of sturdy connective tissue and is formed by the aponeurosis of the rectus abdominis muscle (outside) 
and the transverse fascia (inside). In the caudal portion of the linea alba, the rectus abdominis muscle is only covered 
by connective tissue on the outside. If the abdominal cavity is opened precisely in the linea alba, the difference is clearly 
visible. Caudally, the left and right rectus abdominis muscles are seen at both sides of the incision; cranially, they are 
completely surrounded by white, non-translucent connective tissue. The point of transition lies a few centimeters caudal 
to the umbilicus. 
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The linea alba is opened caudally with a short stab incision 
using a scalpel with a 10 or 11 blade. The incision is 
extended in a cranial direction with scissors. In the cranial 
portion of the incision, access to the abdominal cavity is still 
blocked by a large fat storage body, the falciform ligament 
(Figure 5). This is a fat-filled fold of the peritoneum that 
extends from one side of the incision to the other and hangs 
like a curtain in the abdomen. The ligament is severed at 
its attachment to the abdominal wall on each side. The 
vessels that are encountered are ligated or cauterized. The 
accumulation of fat is greatest at the cranial aspect of 
the falciform ligament. The falciform ligament caudal the 
xyphoid process is ligated before the ligament is transected. 
The stump is inspected for hemorrhage before it is allowed 
to retract inside the abdomen or rib cage. 

Figure 5. The falciform ligament is partially removed 
in the dog.

The abdominal wall is closed in several layers after the procedure has been performed. The incision in the linea alba is 
closed with a simple continuous suture of monofilament absorbable material (Figure 6). The suture is started caudally 
and proceeds in a cranial direction. The size of the suture material depends on the weight of the patient and varies 
from 3-0 (cat, small breed dog) to 0 (giant breed dog).  The holding power of the suture depends to a large extent on 
the distance between the edge of the wound and the site where the needle perforates the tissue. Through examination 
of (human) cadavers, it was determined that median incisions, where sutures were placed further away from the 
incision were twice as strong as incisions where sutures were placed closer to the incision, and three times as strong as 
paramedian incisions. This indicates that it is of great importance that the needle be inserted at sufficient distance (at 
least 2 to 3 mm) from the edge of the wound. Care is taken to include as little as possible of the rectus abdominis muscle 
to avoid damaging the muscle. The connective tissue has more holding power than the muscle and the suture will not be 
weakened by suturing the rectus sheath only. 

In small animals, the peritoneum is not closed separately. In the cranial portion of the incision, the peritoneum is part of 
the rectus sheath and often difficult to differentiate. In the caudal portion, the peritoneum pulls back after the opening 
of the abdominal cavity. It is not necessary, however, (and furthermore, not desired) to close the peritoneum and the 
rectus sheath in 2 layers separately. This procedure was commonly performed in the past because it was believed that 
a wound that was not covered by peritoneum would heal slowly and promote adhesions. Research has shown, however, 
that not-sutured defects in the peritoneum heal within one week, because cells in the peritoneal fluid transform into 
a new layer of mesothelium. Adhesions are formed as a response to trauma or ischemia, regardless if whether or not 
the peritoneum is closed. In other words, good surgical technique is the only way to prevent adhesions. Suturing the 
peritoneum under tension may promote adhesions rather than preventing them and is therefore best avoided. After 
closure of the abdominal wall, the subcutaneous fat is closed with one or (in rare occasions) two simple continuous 
suture patterns (with absorbable synthetic material, size 2-0 or 3-0). In male dogs, the preputial muscle must be sutured 
separately in order to prevent the penis from deviating to one side.

In a subcutaneous suture, the first suture line is often attached to the rectus sheath to avoid dead space. If, after placing 
this suture, the distance between the wound edges is still large the edges can be brought closer together with a second, 
more superficially placed subcutaneous suture pattern. The skin can be closed with a continuous subdermal suture 
(absorbable, synthetic material, size 3-0 or 4-0), with interrupted skin sutures (nonabsorbable monofilament synthetic 
material, size 3-0 or 4-0), or by using skin staples. The first method produces a more cosmetically attractive result; the 
latter is faster and commonly used in emergencies. 
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1. Inspection of cranial part of the abdomen:
a. Inspection of the diaphragm (with esophageal hiatus) and the liver (palpate all lobes).
b. Inspection of the gall bladder and bile ducts (the gall bladder is usually large in fasted animals. It can  

 be compressed to assess patency of the common bile duct).
c. Inspection and palpation of the stomach, pylorus, descending duodenum and spleen.
d. Inspection and palpation of the pancreas (handle carefully!); the right lobe is    

 adjacent to the duodenum, the left lobe lies in the bursa omentalis, caudal to the stomach. 
a. Inspection of the portal vein and caudal vena cava.

Figure 6. An example of the closure of a midline 
incision in a dog.

2. Inspection of the caudal part of the abdomen:
a. Inspection and palpation of the descending colon, urinary bladder, urethra, and prostate or uterus.
b. Inspection of the inguinal canal. 

3. Exploration of the intestine:
a. Careful palpation of the entire intestine in a cranial direction, from the ileocecal junction to the  

 descending duodenum.
b. Inspection of the blood supply and the lymph nodes.

During an exploratory celiotomy, it is important to examine all internal organs. A systematic stepwise approach helps to 
avoid overlooking details. The following steps (in order) are suggested: 

Figure 7. The mesocolon is used to retract the small 
intestine to the right. This will expose the left kidney, 
adrenal gland, ureter and ovary for inspection.

4. Exploration of the dorsal and retroperitoneal area:
a. The duodenum is lifted from the abdomen  

 to retract the entire small intestine to the left side with the mesoduodenum. This exposes the right  
 kidney, adrenal gland, ureter and ovary that are inspected and palpated.

b. In a similar fashion the mesocolon is used to retract the small intestine to the right. This will expose  
 the left kidney, adrenal gland, ureter and ovary for inspection and palpation (Figure 7). 
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10.3 Minimally Invasive Techniques 

Minimally invasive techniques allow examination of and surgery on 
abdominal organs without opening the abdominal cavity. By means of 
endoscopy, organs can be examined and, if necessary, biopsied. Examples 
are the stomach (gastroscopy), the colon (coloscopy) and the bladder 
(cystoscopy) (Figure 8). The endoscope, containing the optics and the canal 
for the instruments, is inserted via a natural opening (mouth, nose, anus, 
vagina, urethra). 

With a laparoscope, the scope and the working instruments are not 
introduced via a natural body opening, but via one or more puncture incisions 
in the abdominal wall. In this manner, all abdominal organs can be examined, 
just as with an exploratory celiotomy.

Figure 8. A colonoscopy in a dog 
shows a rectal polyp.

Additionally, certain operations can also be conducted using laparoscopy. The advantages of minimally invasive techniques 
are less pain for the patient, faster wound healing and, therefore, also a shorter stay at the clinic. These techniques are 
now commonly used in the horse, the dog and the cat. In the dog and cat, ovariectomy is the most common endoscopic 
procedure. In the horse, the most important indications for laparoscopy are removal of abdominal testicles, tumorous 
ovaries, and inspection of the intestines in chronic forms of colic. In the cow, the technique is also used especially in cases 
of left abomasal displacement.

10.4 Abdominal Procedures

In the framework of this book, only the opening and closing of the “hollow” organs in the abdomen will be discussed. 

10.4.1 The Rumen (Bovine, Small Ruminants)

10.4.1.1 Introduction

In the past, the rumenotomy (opening of the rumen) was frequently performed, especially in cows suffering from 
traumatic reticuloperitonitis (a perforating foreign body by a nail, metal wire, etc.) of the reticulum. The foreign body was 
removed by rumenotomy in order to prevent further increase of peritonitis. Because of modern industrial management 
and housing of animals, this occurs less frequently. Whenever traumatic reticuloperitonitis is, however, diagnosed, the 
following non-operative procedure is presently employed: in addition to diet, the insertion of a magnet and a systemic 
administration of antibiotics. 

10.2.8.3 Flank or Paracostal Incision

A flank incision is indicated in operations where the retroperitoneal area must be reached (for example, for removal of an 
adrenal tumor). The incision is carried through three layers: the external oblique abdominal muscle, the internal oblique 
abdominal muscle and the transverse abdominal muscle. The muscles can be cut in the extension of the direction of the 
muscle fiber (grid incision) or from dorsal to ventral (through-and-through incision). The superficial and deep circumflex 
artery and vein are ligated, if necessary. All muscle layers are closed separately, using an interrupted pattern and 
absorbable suture material. The size depends on the bodyweight of the patient and varies from 3-0 (small breed dogs) to 
0 (giant breed dog). The risk of injuring the spleen or pancreas is larger compared to a midline incision. For this reason, 
sutures are often preplaced first and tied later. 
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The desired result here is that the foreign body is “captured” in the cage magnet, so that it cannot cause any further 
damage. Afterwards, by administering antibiotics, the reticuloperitonitis is quelled. On the basis of the above passage, 
rumenotomy with the indication of traumatic reticuloperitonitis is, at most, seldom performed. 

Further rare indications include: 

• The removal of abnormal rumen content, as the result of fermentation disorders of the rumen
• The removal of tumors (fibropapillomas) in the cardia, which lead to recurring tympanism
• The removal of foreign objects, such as plastic
• The removal of poisonous plants, such as rhododendron and yew

The latter two indications are seen especially in small ruminants, such as in goats that are kept as pets or are held in 
petting zoos. 

10.4.1.2 Rumenotomy

The following is a description of the laparorumenotomy. The operation is performed on a standing cow or lying small 
ruminant. The abdominal cavity is opened on the left upper flank, halfway between the last rib and the tuber coxae, using 
a through-and-through incision. In order not to contaminate the cavity and the laparotomy wound with the contents of 
the rumen, various methods can be employed to open the rumen. The most common method for a rumenotomy of the 
standing cow is the method attributed to Weingard, where the Weingard instruments are used, which consist of a metal 
frame, two fixation tongs and six sharp rumen hooks. The metal frame is fixated in the dorsal wound corner of the skin 
wound using an inserted screw. After which, a vertical fold of the dorsal rumen is pulled through the laparotomy wound 
and the metal frame. This fold is attached to the frame using two fixation forceps, one ventral and one dorsal. After the 
rumen wall is fixated outside the abdominal cavity and laparotomy wound, they are incised from ventral to dorsal in order 
to open the rumen. The edges of the wound of the rumen are folded over the disinfected skin using the six rumen hooks, 
which are fixed onto the frame. In this manner, an opening of the dorsal rumen is obtained that is large enough to access 
with the hand and forearm, all the while during these maneuvers contamination of the cavity and laparotomy wound with 
rumen contents is prevented. After the removal of the foreign body or the abnormal contents of the rumen, the rumen is 
closed. This occurs in two layers: usually the first used is a continuous suture in a Schmieden pattern. The second suture 
above this is a continuous inverting suture using a Lembert suture or a Cushing suture pattern. The laparotomy wound is 
closed in the usual manner.

10.4.2 The Abomasum (Bovine)

After the Cesarean section, displacement of the abomasum forms the most important indication for a laparotomy in the 
cow. A displacement of the abomasum can appear as a dislocation to the left or right. 

10.4.3 The Stomach (Horse, Dog and Cat)

10.4.3.1 Introduction

Gastrotomy is the term for opening the stomach, while the removal of a part of the stomach is called gastrectomy. In 
the horse, surgical procedures on the stomach are rarely conducted. First there are few indications, and second the 
anatomical position of the stomach makes it almost impossible to open the stomach without spilling its contents into the 
abdomen. The most important indication for gastrotomy in the dog and cat is the removal of a foreign body (Figure 9).
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Foreign bodies (corpora aliena) in the stomach may cause vomiting. The vomit consists of mucus and most often contains 
no food, unless the pylorus is completely obstructed by the foreign body. In this case vomiting is vigorous or projectile. 
Usually, the signs are mild and intermittent. Physical examination usually yields no abnormalities. Foreign bodies in 
the stomach can be visualized with plain or contrast radiography or with ultrasonography. Most foreign bodies in the 
esophagus and stomach can be removed using a flexible endoscope (esophagoscopy or gastroscopy). 

10.4.3.2 Gastrotomy in the Dog and the Cat

Access to the abdominal cavity is obtained via a cranial medial celiotomy. The stomach is palpated and pulled in a caudal 
direction. The stomach is exteriorized and held in place with stay sutures or Babcock forceps. The stomach is walled 
off with moistened celiotomy sponges. If a self-retaining abdominal retractor (Balfour) is used it is released before the 
stomach is opened. A curved incision is made in the exposed surface, parallel to and at an equal distance from the lesser 
and the greater curvature. The length of the incision depends on the size of the foreign body, which should be able to 
pass through easily. The incision is made in two steps. First, the serosa and the musculature are cut to the level of the 
submucosa. The largest blood vessels are found at this level and it is easier to control hemorrhage when the mucosa 
is not yet incised. The mucosa is opened with a stab incision at one end of the wound. The incision is extended with 
straight scissors. 

The stomach can be closed in one or in two layers, using monofilament absorbable suture material (Figure 10). The 
first suture line is a simple continuous suture through all layers of the stomach wall. It is essential that the submucosa 
is included in the suture because it is the strongest layer of the gastric wall and the only one that will hold the suture. A 
second suture line may be used if the viability of the stomach is questionable. This may be the case in gastric dilatation-
volvulus (GDV). An inverting (Lembert) pattern is commonly used. The disadvantage of a second inverting suture is that 
it prolongs healing and leaves a bigger scar than a one-layer appositional pattern. 

Figure 9. Gastrotomy in the dog for a 
foreign body removal. 

Figure 10. The stomach is commonly closed in a 
double layer suture pattern.
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10.4.4 The Small and Large Intestines

10.4.4.1 Introduction

The most common indication for surgery of the intestines is an obstruction or ileus. The term “ileus” means literally 
“intestinal coil/torsion,” but in most cases it is caused by a blockage of the transport of the intestinal contents in an 
aboral direction. The morbidity and mortality of the ileus varies with the nature of the obstruction, the localization 
and the duration of the obstruction. There are two types of ileus: mechanical ileus and paralytic or functional ileus. 
Mechanical ileus is the most common type. It occurs in two forms: simple mechanical ileus and strangulated ileus. 
In a simple mechanical ileus, only the intestinal lumen is closed. The blood supply of the intestine remains intact. In 
strangulated ileus, the blood supply is also interrupted. The intestine cannot survive without adequate blood supply 
and therefore strangulating ileus is a more severe condition than simple mechanical ileus. Simple mechanical ileus is 
further subdivided into three forms, depending on the site of the primary condition: obstruction by an intraluminal, 
an intramural or an extramural cause. In paralytic ileus, the passage of the intestinal content is impeded by a motility 
disorder (paralysis of the intestinal tract). Two forms are distinguished: dynamic ileus and adynamic ileus. In general, 
strangulating obstructions have much more severe consequences for the animal than non-strangulating obstructions. 
The consequences are serious, not only for the digestive tract, but also for other organ systems, such as the respiratory 
and circulatory systems. Strangulating obstructions often lead to excessive fluid loss, causing hypovolemia, or even, 
hypovolemic shock, endotoxemia and endotoxic shock. Typical signs are fast deterioration of the general condition, weak 
pulse, low blood pressure, poor peripheral circulation, hemoconcentration and acidosis. 

10.4.4.1.1 Simple Mechanical Ileus

Intraluminal obstruction is the most common form of ileus in 
the dog and cat. Because the oropharynx in these species is 
wider than any other opening of the gastrointestinal tract, 
foreign objects can be swallowed that become lodged in 
the relatively narrow intestinal lumen. Obstructions can be 
partial or complete. Large, round objects often close off the 
intestinal lumen completely. In partial obstructions, intestinal 
content can still pass. Polyps and linear foreign bodies usually 
cause only a partial obstruction, but in the case of threadlike 
objects, other complications may occur. The end of a linear 
foreign body may become anchored under the tongue or in 
the stomach. Peristalsis propels the thread in the aboral 
direction, but because it is cranially anchored, the intestine 
is rolled up on the thread. This may cause the thread to cut 
through the intestinal wall at the mesenterial side, which will 
result in septic peritonitis (Figure 11).

Figure 11. A typical string or linear foreign body in 
the cat.

Intraluminal obstructions can also be caused by obstipation. These are obstructions with a too solid/dried intestinal 
content. Obstipation occurs regularly in the horse, and especially in the ascending colon (left ventral colon and right 
dorsal colon). Sometimes, an obstipation can occur in the ileum. Real obstructions in the horse, for example intestinal 
stones, occur randomly in the ascending colon. 

Intramural obstruction in the dog and cat is usually caused by tumors of the intestinal wall. Most intestinal tumors 
(malignant lymphoma, adenocarcinoma, leiomyosarcoma and leiomyoma) infiltrate the muscle layer of the intestinal 
wall. They not only narrow the lumen, but also decrease the elasticity and with that the extensibility of the intestinal 
wall. Intramural obstructions are almost always partial and develop over time. In horses, intestinal tumors rarely occur. 
Sometimes an intramural obstruction is caused by an intramural hematoma. 
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Extramural obstruction is caused by adhesions of the intestine to surrounding structures. A known example of this in 
the dog and cat is adhesion of the intestine to a suture granuloma in one or both ovarian pedicles after an ovariectomy 
or ovariohysterectomy. In horses, adhesions in the abdomen are usually the result of a previous surgical procedure. 
Extramural obstruction can vary in seriousness and develops gradually. In the horse, obstructions can occur through non-
strangulating dislocations, especially of the ascending colon. 

10.4.4.1.2 Strangulating Ileus

This is the most common form of ileus in both the cow and the horse. In this form of ileus, circulation of the closed-off 
intestinal segment is severely hindered. Veins are obstructed first because they have a thinner wall than arteries. Arterial 
blood flow continues for a while, but eventually also stops. A hemorrhagic infarction occurs, which leads to degeneration 
and ultimately to necrosis of the intestinal wall. This can either affect only a small portion of the intestine, or it can be 
more extensive. In the cow, examples of a strangulating ileus of the intestine include cecal dilatation and dislocation and 
the intussusception of the jejunum. In the horse, strangulations can occur in the small and large intestines. Common 
strangulations of the small intestine are wedged hernias, such as mesenteric hernia, hernia through the epiploic foramen 
(Winslow’s foramen) and inguinal hernia (only in the stallion), strangulation caused by a pedunculated lipoma and 
intussusception of the ileum and the cecum (ileo-cecal intussusception) or the cecum entering the colon (ceco-colic 
intussusception). The most common strangulating obstruction of the equine large intestine is large colon volvulus (or 
torsio coli) and in the dog the mesenteric torsion observed in the German Shepherd.

10.4.4.1.3 Paralytic Ileus

In dynamic ileus, there is no occlusion in the literal meaning of the word, but rather an obstruction of the passage of 
the intestinal contents due to a spastic contraction of the muscle layer of the intestine. This form can be caused by 
medication (such as opiates). In the horse, intestinal cramps occur regularly and form the most common cause of colic: 
cramp colic. 

What applies to adynamic ileus applies also to dynamic ileus, but in the former the passage is obstructed by a flaccid 
paralysis (atonia of the intestinal wall). This form of ileus may occur in peritonitis and after extensive abdominal surgery 
and is often referred to as postoperative ileus. An example of an adynamic ileus in the horse is meteorismus of the cecum. 
Here, the entire cecum is either hypo- or atonic and heavily distended by gas. In the horse, a portion of the intestine 
can become atonic as a result of anemic infarcts. These may occur in the small or large intestine and are the result of 
thrombosis of one or more of intestinal arteries. In the past, this was regularly seen in conjunction with a worm aneurysm 
(an inflammation process in the wall of the mesenteric cranial artery caused by larvae of Strongylus vulgaris). In current 
times, this occurs much less frequently; probably because horses are now regularly treated for intestinal parasites.

10.4.4.2 Diagnosis

The signs of ileus are not specific. In large animals, the most important sign is colic. In companion animals, vomiting, 
lethargy, anorexia and weight loss can be observed, but these signs may occur in many disorders and do not automatically 
indicate an ileus. In serious situations, especially strangulating ileus, the animals may also experience hypovolemia and/or 
endotoxic shock (weak, increased pulse, pale mucous membranes, and delayed capillary refill time). In companion animals, 
in addition to abdominal palpation, radiological examination or ultrasound of the abdomen may confirm the diagnosis. 
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As horses cannot vomit, vomiting does not occur in this species. This leads often to severe distension of the stomach, 
easily diagnosed by inserting a stomach tube. If the stomach is not emptied quickly, a fatal rupture of the stomach may 
occur. The cause of the ileus is usually confirmed by means of physical examination and rectal exploration. In a number 
of situations, the diagnosis is clear. In others, it can only be determined that a strangulating closure of the small or large 
intestine exists, on which grounds a laparotomy is performed. The actual cause of the strangulation can be confirmed 
after opening of the abdominal cavity. 

10.4.4.3 Therapy

Paralytic ileus is treated conservatively. In an adynamic ileus, peristalsis can be stimulated with prokinetics (such as 
metoclopramide in dogs and cats, cisapride in horses). In experimental paralytic ileus, the use of metoclopramide 
(especially in the cranial portion of the GI tract) restored normal myoelectric activity, but it is not clear if similar results 
can be achieved in patients. The same applies to the use of cisapride in the horse. Cramp colic in the horse is treated 
with spasmolytics that are sometimes combined with analgesics. Severe cecal distension with gas (meteorismus) is 
treated by puncture of the cecum via the right flank (enterocentesis). In small animals, all forms of mechanical ileus 
should be treated surgically. In the horse, however, non-strangulating obstructions need not always be treated surgically. 
Obstipation of the colon is always first treated conservatively with laxatives. When this does not resolve the problem, 
surgical treatment is indicated; this occurs more often when sand is present in the colon (sand colic). Because in horses, 
most cases of ileus are caused by intestinal cramps, gas pockets or obstipation, only approximately 5% of all colics 
presented to the general practitioner require surgical treatment. 

In surgical treatment of ileus, two procedures are distinguished: enterotomy and intestinal resection (or enterectomy) 
and anastomosis. Enterotomy (opening the intestine without removing a part of it) can be used if the intestine is not 
damaged. If the intestine is damaged by strangulation or adhesions and if the ileus is caused by an abnormality in the 
intestinal wall, part of the intestine must be removed. The amount of intestine that can be resected depends on the 
species. Compared to large animals, dogs and cats have relative short intestines. In general, it is believed that short bowel 
syndrome (diarrhea caused by malabsorption of intestinal nutrients due to the limited size of the remaining bowel) may 
occur if more than 70% of the length of the small intestine is removed in the dog or cat. 

10.4.4.3.1 Enterotomy

In dogs and cats, enterotomy is the procedure of choice for removal of foreign bodies, provided that the intestine is still 
vital. In the cow, it is used to empty the cecum in case of a cecal dilatation/dislocation. In the horse, an enterotomy is 
performed in those cases of obstipation, where conservative treatment is not successful. An intestinal stone that has 
become lodged can only be removed by enterotomy (colotomy) of the colon. 

In order to perform a reposition (detwisting) of a torsed colon (or colonic torsion) in the horse, its size must often be 
decreased, and this occurs also by colotomy. 

Enterotomy in the Dog and the Cat

The intestine is incised over the foreign body at the antimesenteric side. The incision must be long enough to remove the 
foreign body without tearing the wall of the intestine. The incision must preferentially be made in healthy tissue. This 
may imply that the incision be made somewhat caudal or cranial to the foreign body. The intestine is occluded cranially 
and caudally to the incision, using atraumatic intestinal clamps (Doyen’s forceps). In placing the forceps, care must be 
taken not to cut off the blood supply to the segment where the enterotomy will be made.
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Enterotomy in the Bovine

In order to reposition a cecum due to dislocation and torsion, the cecum must first be emptied. This occurs via a 
relatively small (approximately 5 cm long) enterotomy in the point of the cecum (the apex ceci). The incision is sutured 
in two layers: two inverting seromuscular sutures over each other. Either synthetic absorbable monofilament or braided 
suture material of size 2-0 may be used. 

Enterotomy in the Horse

The small intestine is opened on the antimesenteric side. After removal of the abnormal intestinal contents is complete, 
intestinal clamps are placed on both sides of the incision. The intestine is closed in two layers. The first suture line is a 
simple continuous suture pattern of only the mucosa and submucosa. Over this, an inverting seromuscular suture pattern 
is applied (such as a Cushing’s suture). The ascending colon is usually opened on the antimesenteric side, at the level of 
the pelvic flexure. After placement of intestinal clamps, the incision is closed in two or three layers. First, the mucosa 
and submucosa are sutured together with a simple continuous suture pattern. On top of this, one or two inverting 
seromuscular sutures (Lembert or Cushing) are performed. The descending colon is also opened on the antimesenteric 
side, precisely in the middle of the tenia. The incision is closed in the same manner as in the small intestine, where the 
seromuscular suture penetrates completely the tenia. In all cases, synthetic monofilament, absorbable suture material, 
size 2-0 or 3-0 is used. 

10.4.4.3.2 Enterectomy

Intestinal Resection in Dog and Cat 

In the dog and cat, intestinal resection is indicated for tumors or other abnormalities of the intestinal wall and in all 
situations where the intestine is no longer viable. 

These include the majority of intussusceptions, because these can only seldom be completely reduced. It is, however, 
worthwhile to attempt to reduce an intussusception because this may reduce the length of the segment that needs to 
be removed. With slight pressure, the intussuscepted portion (intussusceptum) is gently pushed back out of the bowel 
(intussuscipiens). If the reduction is not completely successful, the intussuscepted segment is removed together with any 
parts that appear to be damaged after the reduction. 

After the foreign body has been removed, the incision is 
closed with a simple interrupted or continuous suture 
pattern of monofilament synthetic absorbable suture 
material (preferred size 4-0 in both dog and cat) (Figure 12). 
The sutures are performed through all layers of the intestinal 
wall, with the wound edges simply apposed upon closure. If 
necessary, the extruding mucosa can be pushed back into the 
lumen with a curved hemostat. Special closure techniques 
(Gambee suture pattern) have been described but are rarely 
necessary, a simple appositional pattern suffices in most 
cases. Figure 12. A closed enterotomy incision in the dog.
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Atraumatic intestinal clamps are placed on both sides of the segment that is to be removed. In placing the clamps, 
caution must be taken to avoid occluding the blood supply to the anastomosis. The arteries and veins of the segment 
to be removed are ligated and transected. This pertains also to the marginal veins of the intestine. These are located 
at the site where the mesentery is attached. They are often obscured by fat that could be trimmed away for proper 
visualization and ligation (but this is often unnecessary). The intestine is incised between the clamps. The incisions are 
continued in the mesentery in a V-shaped form, with the point directed at the hilus. The continuity is restored with an 
end-to-end anastomosis. The reasons that side-to-side anastomoses are less commonly performed in companion animals 
is that they are more difficult to perform and take more time than end-to-end anastomoses. Additionally, they do not 
provide an anatomically correct reconstruction of the intestine, take longer to heal and leave bigger scars. For these 
reasons they are only indicated if there is a great disparity in the lumen between the segments that have to be joined. 
Small differences in diameter can be compensated for by taking advantage of the elasticity of the intestinal wall (the 
narrow portion easily allows some stretching) or by incising the narrow portion not perpendicular to the intestine but at 
an angle (with a maximum of 60 degrees), thus increasing the aperture. Also, for end-to-end anastomoses in companion 
animals, there is a definite preference for appositional techniques. Inverting methods narrow the lumen and heal more 
slowly than appositional methods; everting techniques heal slower as well and cause more adhesions than the other 
methods. In the dog, two sorts of end-to-end appositional anastomoses are described: the ‘crushing’ technique and 
the ‘simple interrupted approximating’ (SIA) method. In both methods, the sutures are passed through all layers of the 
intestinal wall, but the tension with which they are tied differs. In the ‘crushing’ technique, the sutures are pulled so tight 
that they cut through the seromuscular layer at the outer side and the mucosa on the inside. The knot is buried at the 
level of the submucosa. In the SIA method, the sutures are tied with normal tension. Experimental studies in dogs have 
shown no significant difference in healing between these two techniques. 

Both methods are equally safe and effective, provided that 
they are carried out carefully. This implies that the submucosa 
is incorporated in each suture, and that all layers are brought 
in alignment. 

The first two sutures are placed on the mesenteric and 
the antimesenteric side of the anastomosis. The ends of 
these sutures should be left long, so that they can be used 
as “stay sutures.” The space between these stay sutures is 
proportionally filled in with simple interrupted sutures. The 
sutures perforate all layers of the intestinal wall and are 
placed at a distance of 3-4 mm from one another (Figure 13). 

Figure 13. An end-to-end resection and anastomosis 
were performed in a dog, the sutures are approximately 
3-4 mm apart.

If the diameter of both segments differs, the sutures are placed further apart on the wider side than on the narrow 
side. Various types of suture material can be used, but the preference is to use 3-0 or 4-0 atraumatic monofilament, 
synthetic, absorbable suture material. The anastomosis is completed by closing the mesenterial defect. Normal 
intestinal function must be restored as quickly as possible. Drinking water is offered as soon as the patient has regained 
consciousness from anesthesia, and feeding is resumed within hours following the operation. 

The prognosis of ileus in the dog and cat depends on the cause. Intestinal torsion (volvulus) is a dramatic disorder with 
a high mortality rate. Intestinal tumors are usually malignant but may have a relatively good prognosis, with an average 
survival time of a year. Intussusceptions may recur, but most patients (70%) recover without complications. Foreign 
bodies in the intestines generally have a good prognosis. 
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Intestinal Resection in the Bovine

The most common indication for intestinal resection in the cow is an intussusception of the jejunum. Reduction of the 
intussuscepted intestinal segment is rarely successful. 

The abdominal cavity of the standing animal is opened in the right flank, using a partial grid incision. Because the 
entire jejunum lies in the mesenterico-enteric recess (bursa supraomentalis), the invagination must be brought along 
the free back edge of the greater omentum (transition point from outside to inside layer) to the laparotomy wound, 
and thereafter brought outside. The intestinal resection follows. Before the attached mesentery can be detached, 
it must first be anesthetized. This can be done by using local infiltration anesthesia in the mesentery or by applying 
a local anesthesia to both sides (lateral and medial sides) of the mesentery, where a superficial anesthesia on both 
serosal layers of the mesentery is achieved. The mesentery of the cow contains much fatty tissue, through which the 
separate blood vessels are barely or not visible. For this reason, the mesentery must be carefully detached step-by-step 
in the usual V-formation. After placing the necessary intestinal clamps, the resection begins, followed by the creation 
of an end-to-end jejuno-jejunostomy. This can be done using various methods. A frequently used technique is closure 
in two layers. First, the edges of the far side of both intestinal ends are sutured together using a typical continuous 
suture pattern that perforates all layers of the intestinal wall and begins at the attachment of the mesentery. When 
the antimesenteric wound edges are reached, the suture continues as a Schmieden suture pattern (Chapter 5), where 
the wound edges on the near side of both intestinal ends are sutured together. At the mesenteric attachment, the 
suture is finally tied off. Next, the first seam is over-sewn with a continuous seromuscular suture (a Lembert or Cushing 
suture): first, beginning on the near side at the connection of the mesentery, and after repositioning the intestine, the 
far side, where the suture thread ultimately is tied off at the attachment of the mesentery. Finally, both wound edges 
of the mesentery are sutured to one another, after which the intestine is returned to the mesentericoenteric recess. 
The laparotomy wound is closed in the usual manner. The prognosis of the resection of the small intestine in the cow, 
followed by an end-to-end jejuno-jejunostomy is relatively favorable. Depending on the general condition of the animal 
(the degree of hemoconcentration and disruption of the pH balance), medical adjunctive therapy may be indicated, 
consisting of IV fluids and electrolytes.

Figure 14. A piece of equine jejunum that was stuck in 
the epiploic foramen and needs to be resected.

Resection of the Small Intestine in the Horse

In horses, an intestinal resection is necessary in all 
cases where non-viable intestinal segments are found. 
These can be parts of the small intestine affected by a 
strangulating obstruction or large intestinal segments 
caused by strangulating displacements (Figure 14). If 
during a resection of the small intestine only a portion of 
the jejunum is removed, the continuity of the bowel can 
be restored using an end-to-end or side-to-side jejuno-
jejunostomy. Often, however, a portion of the ileum 
must also be resected. In this case, a side-to-side jejuno-
cecostomy is performed. Resection of a portion of the 
colon is sometimes indicated in case of colonic torsion. 
This is only feasible if the torsion is limited to a part of the 
left ventral and left dorsal colon). In many cases, however, 
the entire colon is involved in the torsion. When resection 
of the non-viable portion of the colon is not possible, 
or speculative in success at best, the animal must be 
euthanized. Resection of a portion of the colon can also be 
indicated on the basis of presence of anemic infarctions. 
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After it is determined which portion of the intestine must be resected, the mesentery and the mesenteric blood vessels 
are first ligated. These include the jejunal, terminal arcade and vasa recta vessels. Intestinal clamps are then placed: 
two over the aboral portion and two over the distal portion of the intestine. The intestinal clamps are not placed 
perpendicular to, but obliquely over the intestine, and at an angle smaller than 60° to the longitudinal axis of the 
intestine. The intestine is incised between the intestinal clamps, likewise at an angle smaller than 60° to the longitudinal 
axis of the intestine. Thereafter, the mesentery is amputated distal to the ligatures. Next follows the creation of the 
anastomosis: an end-to-end jejuno-jejunostomy. This anastomosis is performed in two layers. In order to position the 
wound edges that are to be sutured together, two stay sutures are placed, one on the mesenteric side and the other on 
the antimesenteric side. The mucosa and submucosa are incorporated into these stay sutures. 

Next, the first suture is made: a simple continuous suture pattern through only mucosa and submucosa. The suture 
begins at the attachment of the mesentery on the intestinal wall and is also concluded in the same location. When the 
first suture is complete, both stay sutures are removed. Following this, two new stay sutures are placed, both of which 
are now seromuscular. Next, the second suture is made: this is a continuous, seromuscular suture pattern (usually a 
Cushing’s suture). This second suture also begins and ends at the mesenteric side of the bowel (attachment of the 
mesentery). The intestinal clamps are removed, and the anastomosis and surrounding area carefully irrigated and 
cleaned. The intestine is sutured with synthetic monofilament absorbable suture material, size 2-0 or 3-0. The defect in 
the mesentery is closed with a simple continuous or simple interrupted suture pattern. Next, the anastomosis is returned 
to the abdominal cavity. If not only a portion of the distal jejunum is removed, but also a portion of the ileum, an 
anastomosis is made between the jejunum and the cecum: a side-to-side jejunocecostomy. The resection of the affected 
intestinal portion, in general, follows the same procedure as that of the jejunal resection. However, in this procedure, the 
distal marginal vessel, the ileal branch of the ileocecocolic artery is tied off. This vessel runs in the mesentery next to the 
ileum in a proximal direction and anastomoses with the last jejunal artery. After this, the ileum can be incised, and the 
intestinal resection can be further continued. Not only the jejunum but also the ileum is now incised perpendicular to 
the longitudinal axis of the intestine. The jejuno-cecostomy is performed as a side-by-side anastomosis. This implies that 
after the removal of the intestine, the open end of the jejunum must be closed, followed by the open end of the ileum. 
Both openings are closed in two layers. For the first layer, the preference is to use a Parker-Kerr suture pattern, but a 
Schmieden suture pattern is also possible. Over this, a second continuous seromuscular suture (Cushing or Lembert) is 
placed. The end of the ileum that has been closed is placed back in the abdomen. The jejunum stub is retained outside 
the cavity. The cecum is placed as far extra-abdominal as possible. The anastomosis is made in the body of the cecum, 
on the medial side of the dorsal tenia. The distal end of the jejunum is placed here along the cecum. The wall of the 
jejunum is sutured with a continuous inverting suture pattern (Lembert or Cushing) on the wall of the cecum. Next, the 
intestinal clamps are placed: a straight or curved clamp over the jejunum proximally to the location of the anastomosis 
and two curved clamps over that portion of the cecum where the anastomosis is to be made. The jejunum and cecum are 
both opened with two equal parallel incisions, but definitely shorter than the already placed seromuscular suture. Both 
of the created openings are sutured together: first the wound edges closest to the seromuscular suture are apposed with 
a simple continuous, perforating suture pattern and then the wound edges furthest from the seromuscular suture are 
sutured with a Schmieden suture pattern. Severely bleeding vessels in the intestinal wall are first ligated, if necessary. 
The Schmieden suture is ultimately covered with the continuation of the already present seromuscular suture. With this, 
the two-layer anastomosis is complete. For all sutures of the intestinal wall, synthetic monofilament, absorbable suture 
material, size 2-0 or 3-0 is used. The defect in the mesentery is closed with a continuous or interrupted suture pattern. 
After a final check and cleaning, the cecum is brought back to its normal position in the abdominal cavity. 
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Resection of the Large Intestine in the Horse

If a portion of the ascending colon is amputated, the patent lumen is restored by performing a side-to-side colo-
colostomy. After resection of a portion of the descending colon, an end-to-end colo-colostomy is performed. The 
techniques of intestinal resection of portions of the colon and making of an anastomosis are highly specialized and are 
beyond the scope of this textbook. 

Aftercare

Many horses present before the operation with a poor general condition. Through the strangulation of intestinal 
segments, problems develop with respiratory and circulatory systems in addition to the closure of the intestinal lumen 
and the degeneration of the intestinal wall. Hypovolemia and often also endotoxemia can occur, causing the horses 
to go into various degrees of shock. Many horses develop acidosis and a disturbance of their electrolyte balance. The 
implications of this are that there are high demands to be placed on anesthesia in such horses, and on the administration 
of medications and IV fluids before and during the operation. 

Also, after the operation, an intensive recovery period and medical support are necessary. The mortality after colic 
surgery is very high in horses in comparison to other animals. Of the total number of colic horses operated upon, 
10% do not survive the surgery. Some die spontaneously and others are euthanized because of a bad prognosis or an 
inoperable situation. Approximately 20 to 25% die or are euthanized during the postoperative period in the clinic. The 
most important reasons for this are postoperative paralytic ileus and peritonitis. Other complications, as well, such as 
laminitis can lead to death. The above passage implies that approximately 65 to 70% of horses are able to return home 
after a colic surgery. During the first year after an operation, however, 10% are either slaughtered or euthanized. The 
most important cause of this is recurrent colic as the result of adhesions in the abdominal cavity. All in all, approximately 
half of the colic surgeries are successful. The above-mentioned percentages are averages of all operated horses with 
colic without regarding the cause of the colic. It is clear that an intestinal resection in the horse in shock has a worse 
prognosis than the repositioning alone of a strangulating intestinal displacement in a horse with a relatively good 
general condition.
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11.1 The Kidney and Ureter
 

11.1.1 Introduction

Renal and ureteral surgical procedures are often performed in specialized practices because these procedures require 
a high level of surgical experience and knowledge, advanced diagnostic imaging techniques, such as contrast studies 
(Figure 1), and there is a serious risk of serious perioperative complications after urologic surgery. The perioperative 
management can be challenging because of concurrent renal dysfunction or systemic illness. Tissue healing in the 
upper urinary tract is generally quick but depends on the amount of necrosis and ischemia caused by devascularization 
of or injury to tissue during the surgery. Urine leakage delays wound healing, stimulates fibrosis, and increases risk of 
strictures. 
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So, tissues should be handled carefully and incisions in 
the urinary tract are to be sutured leak-proof, with fine 
monofilament synthetic suture material on a taper cut 
needle. Continuous suture patterns in ureters may cause 
strictures because of a purse-string effect. Therefore, ureteral 
tissue is often closed using full-thickness interrupted sutures. 
Defects of the renal capsule can be closed with simple 
interrupted, cruciate or continuous sutures, taking wide 
bites and including parenchyma, following the curve of the 
needle to avoid the needle cutting through and ripping the 
parenchymal tissue. Digital pressure for a couple of minutes 
after suture placement can help to stop parenchymal 
bleeding if needed.  Be aware that surgery or biopsy of renal 
tissue usually causes macroscopic hematuria during the first 
24 hours after the procedure.

Figure 1. The normal anatomy of the kidney, ureters 
and bladder after double contrast urography.

11.1.2 Renal Biopsy

The aim of renal biopsies is to establish a definitive diagnosis by histology in dogs and cats with renal disease. Renal 
biopsies may be performed via an abdominal celiotomy or endoscopic procedure, or via percutaneous, ultrasound-guided 
needle biopsy. Disposable spring-loaded needle instruments are more likely to provide good quality tissue samples than 
manually operated instruments. In an animal undergoing abdominal surgery, wedge biopsies can be obtained, or a needle 
biopsy instrument can be used. Generally, surgical wedge biopsies are preferred over the needle biopsies because of a 
better quality of the tissue sample (usually more glomeruli in the sample) and an improved control over the depth of the 
sampling. Although histology is important to estimate the severity of the disease, biopsies can further decrease renal 
function. Therefore, one should first consider whether or not a biopsy is likely to alter treatment or outcome. In renal 
diseases like chronic kidney failure, a biopsy may not be indicated, in contrast to biopsies in animals with protein-losing 
nephropathies or localized abnormalities of the kidney (like neoplasia). Although renal biopsies often have little effect 
on the total renal function in an animal, it is important to consider its potential contribution to a progressive loss of 
functional renal tissue and it should always be performed with great care.

Prior to a renal biopsy, the risk of hemorrhage should be minimized by evaluating blood coagulation times and 
thrombocyte levels. In animals with hydronephrosis, anemia, uncontrolled hypertension, large or multiple renal cysts or 
abscesses, and septic pyelonephritis, renal biopsies are generally not recommended. Besides preoperative evaluation of 
the animal’s physical condition and possible contraindications, it is important to provide proper animal immobilization 
and analgesia during the procedure and monitoring of renal function and bleeding afterwards.
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A renal biopsy should provide the veterinary pathologist with a representative sample of cortical tissue. The renal pelvis 
and larger arteries that are situated in the medulla should be avoided. Therefore, it is advised to take needle biopsies 
from the caudal or the cranial pole of the kidney and to aim away from medulla and pelvis (to take the biopsy parallel to 
the surface of the kidney). In open procedures, the kidney is immobilized with thumb and fingers. The biopsy is made by 
a wedge-shaped incision with a scalpel blade (no. 11 or 15) or by a gentle twist with a 4 mm skin punch biopsy through 
the capsule and the sample of cortical tissue should be lifted carefully with tissue forceps from the biopsy location. 
Afterwards the capsule is sutured with monofilament 3-0, 4-0 or 5-0 absorbable material in a simple continuous pattern 
or using cruciate sutures.

11.1.3 Nephrotomy

A bisectional nephrotomy (incision into the kidney) is usually performed in companion animals to remove renal uroliths. 
Previous studies reported significant temporary loss of renal function (15-50%), but proper surgical technique and 
appropriate perioperative support with intravenous fluids will minimize the negative effects on renal function. Because 
nephrotomy may result in loss of functional renal tissue, nephroliths may be subclinical and because a good outcome in 
many animals is seen with medical treatment of nephroliths, this procedure is usually only performed in cases that do 
not improve on medial management and show significant and progressive morbidity. Unilateral kidney or ureter stones 
can be present without clinical signs or can appear with other vague symptoms (pain in the abdomen, lethargy, fever) 
and sometimes recurring hematuria. When a ureter stone causes a complete obstruction, a dilatation occurs of the 
proximal portion of the ureter and of the kidney pelvis (hydronephrosis). Bilateral kidney and ureter stones often lead to 
chronic renal failure.

Before a nephrotomy is performed, the attachments of the kidney to the peritoneum are (partly) dissected with scissors 
or by blunt manipulation with fingers. The renal artery can be occluded with a Rummel tourniquet or the assistant’s 
fingers for a maximum period of 20 minutes. During this period the kidney is stabilized, and a longitudinal midline 
incision is made of approximately 2/3rd of the length of the convex side of the kidney, using a scalpel blade 10 or 11. An 
incision through the capsule is made with a number 10 or a 11-scalpel blade and continued bluntly with the handle of 
the scalpel or forceps through the cortex until the medulla is reached (Figure 2). Any large bleeding vessels are ligated 
with fine absorbable sutures (4-0 or 5-0) or electrocoagulation. Calculi are subsequentially removed from the opened 
renal pelvis and submitted for quantitative stone analysis. A sterile swab from the pelvic contents should be taken for 
bacterial examination. The renal pelvis is thoroughly flushed with warm saline to remove all debris, blood clots and small 
stones, taking special care to remove any debris from the small calices of the renal pelvis. In addition, the ureter should 
be checked for patency and flushed to remove remaining debris. After flushing, both renal cut surfaces are gently pressed 
together for 5 minutes. The capsule of the kidney is then carefully closed in a continuous suture pattern and checked 
for bleeding after removing the occlusion of the renal artery and vein. Besides digital pressure applied for another few 
minutes, additional interrupted sutures (horizontal mattress sutures) may need to be placed to control bleeding. Kidneys 
that can move too freely after a nephrotomy are fixated with several interrupted sutures between capsule and abdominal 
wall to prevent kinking of the renal vessels or renal torsion.
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Figure 2 a and b. A nephrotomy is performed in the kidney allowing access to the medulla (a) and closed with a simple 
continuous suture pattern (b).

a b
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11.1.4 Nephrectomy

Because nephrectomy irreversibly removes one kidney from an animal, this procedure is only performed if the kidney 
or ureter is non-functional and/or irreversibly damaged or diseased (neoplasia, irreparable hydronephrosis or trauma, 
resistant pyelonephritis). A renal perfusion scan can help in the decision if a nephrectomy is justified. The opposite 
kidney and ureter should always be monitored and supported before, during and after the procedure (Figure 3).
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Figure 3 a and b. An abnormally large fluid- (urine)-filled kidney caused by an iatrogenic obstruction of the ureter.

A combination of sharp and blunt dissection is performed to free the kidney from the abdominal wall attachments as 
was described for a nephrotomy. While retracting the kidney medially, the renal artery, vein and ureter are identified 
at the renal hilus. The vessels are ligated separately, with a triple absorbable (PDS) or nonabsorbable (Prolene) 
monofilament ligature and cut between the two proximal ligatures (proximal to the kidney). Sometimes more than one 
branch of the artery (dog) or vein (cats) is identified, and all branches must be carefully ligated before removal of the 
kidney. Also carefully identify and double ligate the ureter near the bladder wall. It is advisable to identify the opposite 
ureter as well to avoid ligating the wrong ureter. Usually, the kidney and the entire ureter can be removed easily by gently 
pulling and minor dissection of the ureter from its dorsal attachments. If indicated the removed tissue is cultured and 
submitted for histology. The renal fossa should be checked for hemorrhage and surgical sponges are counted before 
abdominal closure.

11.2 The Bladder

11.2.1 Introduction

Surgical procedures of the bladder are the most common urological surgical procedures. Fortunately, the healthy 
bladder has an excellent healing capacity because of a rich blood supply and a rapid rate of epithelialization. However, 
tissues should still be handled with care to avoid postoperative urine leakage or damage to the innervation of the 
urinary tract. Common indications for bladder surgery are urolithiasis, mucosal polyps, neoplasia and trauma. Before 
surgery, diagnostic tests aid in establishing the indication for the surgical procedure and evaluating hematologic 
and biochemical abnormalities. Ultrasonography, radiology (preferably combined with contrast studies), endoscopy 
(cystoscopy, urethroscopy), urinalysis and sometimes CT scanning, bacterial or cytological examination are important 
tools to preoperatively determine the exact diagnosis, including the location and the extent of the urinary problems. It is 
important to realize that stabilization and correction of systemic alterations (such as uremia or dehydration) are usually 
more important than speed of surgical intervention. 

a b
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11.2.2 Cystocentesis

Cystocentesis is a type of paracentesis in order to aspirate urine directly from the bladder by needle puncture. 
Cystocentesis has a great diagnostic and therapeutic value because it prevents bacterial contamination of the urine 
sample from the lower urinary tract and the vulva or preputium and it effectively decompresses a distended bladder 
when the urethral outflow is obstructed. 
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The technique is usually well tolerated by the animal 
(sometimes even better than catheterization) and minimizes 
bacterial contamination of the bladder. Guidance of the 
puncture with ultrasonography is usually advisable because 
it enhances the accuracy of the procedure, especially 
when the bladder is small, and it aids in more complete 
emptying of a full bladder. When urine is collected for 
diagnostic purposes, one must be aware that cystocentesis 
is frequently associated with microscopic hematuria. In 
companion animals the needle is usually inserted in the 
ventral or ventrolateral wall of the bladder, at an angle of 
approximately 45°, while the animal is in lateral, ventral or 
dorsal recumbency (Figure 4). In large dogs cystocentesis 
can also be performed when the animal is standing.

Figure 4. A cystocentesis is performed in a cat in 
ventral recumbency.

11.2.3 Cystotomy

Opening of the bladder is termed cystotomy. The most common indication for a cystotomy is the removal of bladder 
stones (urolithiasis). Other indications include removal of polyps or foreign bodies (broken off urinary catheters), full 
thickness biopsies and ureteral reconstruction (ectopic ureters). Sometimes animals show hardly any clinical signs 
as long as a (smooth) stone remains in the bladder. Usually though, because of irritation and damage to the bladder 
wall, dysuria (painful or abnormal urination), stranguria (straining to urinate) and pollakiuria (frequent urination) and 
hematuria (blood in the urine) develop. Stones in the bladder predispose for (recurrent) urinary tract infections by 
harboring bacteria and partial or complete obstruction (stones that become lodged in the urethra). Especially in male 
dogs, obstruction of the urinary tract by uroliths may cause severe clinical problems, such as dehydration, uremia, 
hyperkalemia, overdistention of the bladder followed by bladder rupture or paralysis. As a rule of thumb, uroliths 
should be quantitatively analyzed after removal to determine their composition, because urolithiasis often recurs if no 
additional measures are taken.

11.2.3.1 Cystotomy in the Horse and Ruminants

In ruminants, urolithiasis is often presented as gravel or small stones in (mostly castrated) male animals (goats). The 
stones consist in most cases of magnesium ammonium phosphate or oxalates. If after urethrostomy (11.3.5), stones are 
still present in the bladder, it is desirable to remove these as well, in order to prevent recurrent urethral obstructions. 
Sometimes this can be done successfully by irrigating the bladder via a catheter, but usually a laparocystotomy is 
necessary. 

In horses, usually one or a few larger stones are present in the bladder. These stones occur more often in geldings and 
stallions, because in mares the stones often are expelled via the wider urethra (while they are still small). Bladder stones 
of the horse consists of pure calcium carbonate, or calcium carbonate with phosphate and magnesium. The first stones 
usually have a very rough surface, sometimes attach to the mucosa of the bladder and are therefore not always passed 
during urination in mares. The attachment of the stone to the mucosa can complicate the surgical procedure. 
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The mixed stones usually have a smooth surface. A stone in the bladder can almost always be felt by performing a rectal 
examination. There are several surgical options to remove the stones from the bladder. One or more of the smaller 
stones can be removed via the urethra. In the mare, this can be done by slightly stretching the urethra. In stallions, this 
is accomplished using a proximal urethrotomy where the urethra is opened directly under the anus. Using long forceps, 
the stone can be removed from the bladder. When the stone is so large that removal via the urethra is not possible, it 
must be removed by cystotomy, more specifically a laparocystotomy or a pararectal cystotomy. The prognosis for surgical 
treatment of bladder stones in the horse is relatively favorable.

In the laparocystotomy, the abdomen is opened in the midline behind the umbilicus. In stallions, this means that the 
preputium is dissected free and moved to the side. In some cases, the bladder is so small that it is difficult to locate. 
Attaching two stay sutures in the ventral bladder wall fixates the bladder during the procedure. Between these stay 
sutures, the bladder is opened, and the stone is removed. The bladder is closed in two layers: a simple continuous 
suture through the mucosa and submucosa, followed by a continuous seromuscular suture pattern. A disadvantage of 
this method is that the laparotomy, and the necessary general anesthesia, present risks. Another disadvantage is that 
this procedure can be difficult to perform because the bladder is located within the pelvis and it requires considerable 
tension on the bladder to obtain acceptable exposure. The advantage is that the inside of the bladder can be thoroughly 
examined to ensure that no stones remain.

The pararectal cystotomy can be performed in standing sedated horses, under a low epidural anesthesia and local 
infiltration anesthesia. It can also be done in a lying animal under general anesthesia. Intravenous antimicrobial 
prophylaxis is administered, and feces are removed from the rectum before surgery. A 10-15 cm vertical skin incision 
is made between the anus and the semimembranosus muscle. The incision is made on the right side of the anus if the 
right hand is the dominant hand of the surgeon performing the procedure. After this, a blunt instrument is advanced 
along the rectal wall, avoiding damage to the internal pudendal artery and vein and their end branches (including the 
caudal rectal artery), and the pudendal and caudal rectal nerves, until the neck of the bladder is reached. In the horse, 
this is located completely retroperitoneally. With the other hand in the rectum, the stone in the neck of the bladder is 
manipulated and fixated. With the dominant hand, the wall of the bladder neck is cut over the stone using long scissors. 
The incision can be performed under endoscopic guidance, to avoid damage to the ureteral openings. If necessary, the 
cystotomy wound is enlarged to facilitate removal of the stone. The bladder is irrigated to remove other possible stones, 
using a sterile nasogastric tube. The bladder and cystotomy incision can be further examined endoscopically, if needed. 
A (short) cystotomy wound can be left open to heal by second intention. A large incision can also be partially closed by 
placing cruciate sutures through the serosa, muscularis, and submucosa (avoiding penetration of the mucosa), using 
an absorbable suture material (0), while Deaver retractors facilitate direct observation. The dorsal half of the incision 
is then closed using cruciate sutures of absorbable material in the subcutis (0) and nonabsorbable material in the skin 
(2-0). The ventral half of the incision is not sutured to allow drainage. Initially urine will come out of the wound during 
micturition. Over time, as the wound heals, this will decrease and stop. Normally, the wound will be closed after one 
to two weeks. Because of the risk of cystitis, antibiotics are often administered for 10 days after surgery. Reported 
complications of the pararectal approach include pelvic abscesses or septic peritonitis, which can occur if the incision 
extends into the peritoneal cavity, and fistula between the bladder and skin due to incomplete healing. A cystotomy 
through a pararectal approach to remove uroliths appears to be superior to standing perineal urethrotomy in horses 
because larger stones can be removed, and it avoids urethral damage with potential stricture formation of the urethra.

11.2.3.2 Cystotomy in the Dog and Cat

Urolithiasis is very common in companion animals. In dogs, the more than 61,000 uroliths that were analyzed at The 
Minnesota Urolith Centre in the United States in 2020 consisted of 40% magnesium ammonium phosphate, 33% 
calcium oxalate, 5% purines, 7% cystine, and 12% mixed and compound stones. In cats more than 18,000 uroliths 
were composed of magnesium ammonium phosphate in 52%, calcium oxalate in 35%, and purines in 5% of the cases. 
A remarkable finding is a progressive decrease of calcium oxalate stones in cats since 2003, probably because of a 
reformulation of adult cat diets and improved therapeutic diets to prevent recurrence of calcium oxalate uroliths.
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Dependent on the symptoms, the size, the number and the localization of the stones the type of treatment will be 
chosen. Small bladder stones, that appear to be able to pass in the urethra, can be removed in female animals by means 
of urohydropropulsion (bladder irrigation) or with endoscopy. A cystotomy is indicated in animals where bladder stones 
cannot be dissolved by diet, removed by urohydropropulsion or endoscopy, and where insolvable stones are attached to 
the bladder mucosa. 

Before the operation, an intravenously administered antimicrobial prophylaxis is provided. The patient is positioned in 
dorsal recumbency. A sterile urinary catheter is inserted into the urethra until the point of the catheter is in the bladder. 
In male dogs it is advisable to clip and flush the prepuce with antiseptics to permit intraoperative catheterization. The 
abdomen is opened via a caudal median incision. The ventral bladder ligament is cut, after which the bladder can be 
exteriorized. The bladder is fixated with monofilament full thickness stay sutures, in the apex and both ventrolateral 
sides. Moistened sponges are positioned around the bladder to reduce contamination with urine. The bladder is opened 
on the ventral side using a stab incision (scalpel blade 11), which is lengthened using scissors. A suction tube is used 
to empty the bladder and to prevent leakage of urine into the abdomen (Figure 5). The incision is made on the ventral 
midline and close to the fundus of the bladder, where the chance of bleeding and damaging ureters and bladder 
innervation is relatively small. The length of the incision must be large enough to be able to inspect and flush the whole 
bladder lumen and to remove the largest stone. Large stones can be removed using a small teaspoon. The smaller stones 
and gravel are often situated in the neck of the bladder or proximal urethra and are more difficult to reach. The bladder 
and urethra must be irrigated with the help of a catheter in order to be certain that all stones and blood clots have been 
removed from the urethra, bladder and neck. In this manner, the smallest stones are also rinsed out of the bladder, 
where they can be intercepted with forceps, a suction tube or teaspoon. Irrigation should be repeated several times. The 
entire wall of the bladder is inspected for abnormalities like urachal diverticula, polyps or small stones firmly attached 
to the mucosal folds. Urachal diverticula are removed by a partial cystectomy. Large polyps are removed by a circular 
mucosal incision (partial thickness) around the stem and small ones by coagulation. Mucosal defects are closed with 
interrupted or cruciate sutures, using fine absorbable monofilament material (4-0, 5-0). Removed polyps or biopsies of 
bladder wall abnormalities should be submitted for histology to exclude malignancy. The bladder is closed in two layers. 
The first layer consists of a simple full thickness, continuous suture pattern. Absorbable monofilament suture material 
(3-0, 4-0) on a taper cut needle is advised to prevent stone formation through contact of suture material with urine. 
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The second layer is an inverting seromuscular suture pattern 
(Lembert or Cushing, continuous or interrupted), using 
the same material. This second suture causes an inversion 
of the first suture, providing a safe closure of the bladder. 
Occasionally a thickened bladder wall (in chronic cystitis) 
can be closed in only one layer; suture it very carefully in an 
appositional continuous or interrupted pattern to obtain a 
leak-proof closure. The bladder is returned to the abdomen 
and covered with omentum to prevent adhesions between 
the bladder and the abdominal wall. The urinary catheter is 
removed immediately after surgery. Only in animals with a 
bacterial infection of the bladder antibiotic administration is 
continued, for a minimum of 10 days. 

Figure 5. After a stab incision in the bladder, a 
suction tube is used to empty the bladder and to 
prevent leakage of urine into the abdomen.

Be aware that removal of stones is just the first part of the treatment for urolithiasis. It is recommended to confirm 
removal of all stones by postoperative radiography and, as mentioned before, analysis of the stones is necessary to take 
measures in order to prevent recurrence.
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11.2.4 Partial Cystectomy

A partial cystectomy is a full thickness removal of a part of the bladder wall, which (temporarily) decreases the volume 
of the bladder (Figure 6). After partial cystectomy, the bladder capacity usually recovers by regeneration and remodeling 
of the different layers in a few months. Indications to perform a partial cystectomy are a congenital patent urachus or 
bladder wall diverticula, neoplasia and necrosis (after former surgery, trauma or as a result of septic inflammation). 
Closure of cystectomy wounds resemble closure of cystotomy wounds and similar techniques can be applied. Sometimes 
interrupted sutures are more convenient to achieve a well-fitting closure of large or irregularly shaped cystectomy 
wounds. In most animals, a partial cystectomy is limited to the cranial 2/3 portion of the bladder. When the viability 
of the suture line after partial cystectomy is questionable, the bladder can be reinforced with omentum or a serosal 
patch (suturing the healthy wall of a small intestine onto the surface of the bladder wall, covering the suture line) and 
temporary decompression of the bladder can be achieved with a cystostomy tube or a Foley catheter for 3-5 days. With 
large resections of the dorsal bladder wall or if the trigonum region is involved in the cystectomy, the function of the 
ureters and the neurovascular supply of the bladder are endangered.  The trigonum region also plays an important role 
in the mucosal regeneration because the epithelial cells arise from the ureters and the urethra. If only the implantation 
area of the ureters is involved, ureters can be reimplanted into the bladder at another location. Complications after 
partial cystectomy include pollakiuria, ureteral or urethral obstruction, leakage of urine during filling of the bladder and 
bladder paralysis.

In traumatic wounds, devitalized or necrotic edges should be removed before closure (wound debridement). If necrosis 
is caused by septic inflammation, more extensive debridement is usually indicated, and proper antimicrobial treatment 
should be initiated as soon as possible, preferably based on bacterial examination and an antibiogram. Unfortunately, 
transitional cell carcinomas are often very invasive and are situated in the bladder neck or trigonum area. Complete 
resection of this type of neoplasia is therefore in most cases not possible. Although technically feasible, a total 
cystectomy and reimplantation of the ureters into the colon is not recommended because of the postoperative morbidity 
and ethical objections. 
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Figure 6 a and b. Two atraumatic clamps are placed on the bladder (a) before performing a partial cystectomy (b).

a b
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11.3 The Urethra

11.3.1 Introduction

The major cause of clinical problems localized in the urethra is the obstruction of urinary outflow. Urethral obstructions 
can be divided in functional obstructions (vesico-urethral reflex dyssynergia) and mechanical obstructions (calculi, plug 
formation, neoplasia). One method to localize stones in the urethra is using catheterization. Other methods include 
palpation of the penis (horses), rectal examination (dogs, horses), contrast radiography, and endoscopic examination 
(urethroscopy). Rigid endoscopes are often used in female animals, but with long, thin and flexible endoscopes it is also 
possible to see the entire urethra (and bladder) in male animals (stallions, male dogs). Most urethral calculi or plugs 
can be flushed retrograde into the urinary bladder. Sometimes stones are irregularly shaped and firmly lodged in the 
folds of the mucosa, which makes removal of the stones more challenging. Using non-invasive lithotripsy some stones 
can be fragmented to a size that can easily pass the urethra. Where this technique is not available, surgery is indicated 
if stones cannot be removed using endoscopy. Before the urethral surgery, an intravenously administered antimicrobial 
prophylaxis is provided. A common complication after urethral surgery in male animals is hemorrhage from the wound 
because the urethra is surrounded by cavernous tissues (corpus spongiosum). Instruct the owners after surgery to avoid 
excitement because this will increase postoperative hemorrhage. In some cases, even mild sedation may be indicated to 
prevent recurrent bleeding. In companion animals, Elizabethan collars are advised to prevent trauma to the wound for 10 
days and self-inflicted trauma by rubbing the wound against abrasive surfaces should be avoided.
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11.3.2 Urethrotomy

A urethrotomy is a midline incision in the urethra and usually performed 
to remove calculi that are stuck in the urethra. The incision (2-3 cm) is 
made over the stone, with a small scalpel blade, through skin, subcutis 
and urethra. In prescrotal urethrotomies the retractor penis muscle is 
retracted laterally before the urethra is incised. Careful incision in the 
median plane reduces the risk of persistent hemorrhage from the corpus 
spongiosum. The incision in the urethral mucosa can be lengthened 
with small scissors if necessary and calculi are removed by flushing or 
using forceps. Always check patency of the entire urethra afterwards by 
catheterization and flush the urethra to remove all gravel, debris and 
blood clots (Figure 7). 

Urethrotomies are usually closed primarily to reduce postoperative 
bleeding and accelerate recovery, but the incisions can also be left open 
to heal by second intention. If closed, suture the urethra over a catheter 
with fine absorbable monofilament material (4-0 or 5-0) in a simple 
continuous or interrupted pattern. Figure 7. Urethrotomy for a urinary 

calculus in a horse.
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11.3.3 Urethrostomy in the Dog

If a prescrotal urethral obstruction cannot be removed by flushing or through an urethrotomy (inaccessible lodged 
stones in the os penis, neoplasia, strictures), a scrotal urethrostomy can be performed. Also, recurrence of obstruction 
at the same site is prevented after this procedure because small calculi will be able to pass through the stoma. Any 
distally lodged stones can be left in place after urine outflow is restored by the stoma. The dog is positioned in dorsal 
recumbency. The stoma is created at the scrotal location because this part of the urethra has a wide diameter and a 
superficial position. Furthermore, there is less risk of skin irritation by urination or ascending bacterial infections than 
in stomas situated in the prescrotal or perineal area. In an intact animal, surgery starts with a scrotal ablation, making 
an elliptical incision through skin and subcutaneous tissues around the testicles, and castration. Dissection is continued 
in the medial plane to expose the penile body and the retractor penis muscle. After dissecting the muscle from its 
dorsal attachment, it is retracted laterally. A strict median incision is important to prevent considerable bleeding. If the 
urethra is patent, catheterization during the incision will help in identifying the urethra and prevents making the incision 
too deep into the dorsal wall of the urethra. Otherwise, identify the urethra carefully in the midline of the wound. The 
urethra is opened by a small (stab) incision (blade 11 or 15), which is elongated with fine scissors up to 3-4 cm. The 
mucosa is usually identified by its slightly different, pink color and smooth surface. Bleeding is controlled by careful 
pressure using moistened sponges. A few interrupted sutures (absorbable 3-0 / 4-0 monofilament suture material) are 
placed between periurethral connective tissue and subcutaneous tissue near the skin edges on both sides. 

These sutures decrease the tension on the next sutures 
that are placed between skin and the urethral mucosa. 
Using two continuous mucocutaneous suture lines on both 
sides of the stoma, taking small bites of tissue helps in 
decreasing postoperative hemorrhage, without an increased 
risk of stricture by a purse string effect. It is advisable to use 
thin monofilament absorbable material (4-0), because it 
eliminates the need to remove these sutures postoperatively. 
Careful apposition of mucosa to skin is important to prevent 
urine leakage into the subcutaneous tissues. The remaining 
cranial and/or caudal ends of the skin and subcutis incision are 
closed routinely. The length of the urethral stoma should be 
long enough to account for the decrease in size of the wound 
as a result of normal wound healing and contraction of scar 
tissue (Figure 8).

Figure 8. Severe swelling and redness after a 
scrotal urethrostomy in a dog.

11.3.4 Urethrostomy in the Cat

Perineal urethrostomy is indicated in male cats with recurrent urethral obstructions that cannot be managed with 
dietary measures, in obstructions that cannot be relieved by catheterization and retrograde flushing, or after severe 
trauma of the penis. Urethral obstruction in male cats is usually located in the distal, narrow part of the urethra and 
most commonly consists of plugs that are composed of minerals (crystals) and organic material (mucous, cell debris, 
erythrocytes). Stones rarely cause urethral obstructions in cats. In the last decade the mineral compound of the 
submitted plugs consisted of struvite in 92% and of calcium oxalate in only 1% (data from the Minnesota Urolith Centre, 
USA), which shows a completely different composition than the analyzed uroliths in cats in the previous decade. 

In this procedure the cat is positioned in ventral recumbency with the hindlegs over the end of the slightly tilted table 
(head down), supported by padding, and with its tail fixated in a dorsocranial position. A purse-string suture is placed 
around the anus to prevent contamination and a catheter is positioned in the urethra if possible. An elliptical skin 
incision is made ventral to the anus, around the scrotum and the penis, not too close to the anus. Intact cats are first 
castrated. The incision is continued in the subcutaneous tissues by dissecting towards the penile body.
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The penis and urethra are dissected in a cranial direction and pulled towards the surgeon. Using sharp (scissors) and 
blunt (digital) dissection the penis and urethra are freed from the surrounding tissues within the pelvic canal until they 
can be increasingly exposed and pulled forward. Especially on the ventral side, the connection with the pubic bone is firm 
(ventral penile ligament). The dorsal retractor penis muscle is excised from the dorsal side of the penis. It is important 
to dissect close to the urethral wall, especially on the dorsal side, to prevent damage to the rectum or its innervation. It 
is also important to identify the ischiocavernosus muscles on both sides of the urethra, and to completely dissect their 
connections with the urethra. This will make it possible to continue the dissection cranially and pull the urethra caudally 
until the bulbourethral glands are visualized and brought at the level of the skin incision. Exposing the urethra outside 
the wound that far without tension is essential because the stoma must be made in the widest part of the urethra to 
prevent recurrence of obstruction or postoperative stricture formation.

After adequate dissection of the urethra, the penis is ligated and amputated behind the prepuce. The urethra is carefully 
incised in the midline on its dorsal surface, identifying the lumen and the mucosa of the urethra (smooth pink surface). 
Take care not to make the incision too deep (in the ventral mucosa). The incision is elongated with fine scissors on the 
dorsal site to the level of the skin incision. To check if the stoma is made in the widest part of the urethra (diameter 
of 4-5 mm), an introduced mosquito forceps should easily pass the stoma until its box locks. Alternatively, a 6 or 8 F 
urinary catheter can be used.  A few interrupted sutures (absorbable 4-0 monofilament suture material) are placed 
between periurethral connective tissue and subcutaneous tissue near the skin edges on both sides. These sutures 
decrease the tension on the sutures between skin and the urethral mucosa. Then the urethral mucosa is carefully sutured 
to the skin with interrupted or continuous sutures. 

The excess urethral mucosa ventral to the new opening is not cut off but 
is preserved and sutured ventral to the new opening (preferably 1-1.5 
cm). This will help in preventing stricture formation postoperatively. 
Using two separate, continuous mucocutaneous suture lines on both 
lateral sides of the stoma, taking small bites of tissue helps in decreasing 
postoperative hemorrhage, without an increased risk of stricture by a 
purse string effect. Alternatively, a simple interrupted suture pattern 
can be applied. It is advisable to use thin monofilament absorbable 
material (4-0, 5-0), to eliminate the need to remove these sutures 
postoperatively. Careful apposition of mucosa to skin is important to 
prevent urine leakage into the subcutaneous tissues. Any remaining 
dorsal or ventral ends of the skin and subcutis incision are closed 
routinely (Figure 9). Do not forget to remove the purse-string suture 
from the anus.

The most common complications after perineal urethrostomy in cats 
are postoperative hemorrhage, stricture formation and bacterial cystitis. 
Periodic urinalysis and bacterial examination are recommended in 
animals with dysuria after this procedure.
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Figure 9. A perineal urethrostomy in 
a cat, directly after surgery.

11.3.5 Urethrostomy in Small Ruminants

In ruminants, the cause of obstructive urolithiasis is often gravel or small stones in (mostly castrated) male animals that 
become lodged in the distal urethra (urethral process). Obstructive urolithiasis is often seen in male goats and mostly 
consists of struvite. If the obstruction cannot be relieved by catheterization, amputation of the urethral process after 
sedation and local anesthesia, urethrotomy, or a perineal urethrostomy can be performed. However, stricture formation 
often leads to recurrent obstructions. Therefore, it is important to apply proper surgical techniques. A modification of 
the conventional technique, described by Tobias and Van Amstel (2013), may reduce the risk of long-term strictures.
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Before the surgery goats are positioned and prepared as was described for male cats. The perineum should be positioned 
near eye level to facilitate proper transection of the penile body. Starting at the level of the ischial tuberosities, a ventral 
midline incision of 6-8 cm is made at 2 cm below the anus. The penile body is identified and freed from surrounding 
tissues by sharp and blunt dissection to the level of the ischium. When present, the retractor penis muscle is excised. The 
penile body is transected at the caudal aspect of the proximal end of the sigmoid flexure, 4–8 cm distal to the caudal 
edge of the pubis. Hemorrhage is controlled by placement of over-suturing or by ligation. The urethra is identified on 
the caudodorsal aspect of the proximal stump and catheterized. Remaining tissues along the proximal penile body are 
dissected away to reveal the ischial attachments along the pelvic brim. The penile attachments (ischiocavernosus muscles 
and connective tissue) should be transected with a combination of sharp dissection and elevation with a periosteal 
elevator. Especially the fibrous tissue that attaches the penile body to the caudal brim of the pelvis is very firm and there 
is little space between both structures. This tissue must be cut blindly without damaging the penis. To facilitate exposure, 
both ischiocavernosus muscles should be transected before dissection of the ventral fibrous tissue is attempted. Once 
all attachments are severed, the penile body is straightened, and the catheter can be advanced into the bladder to verify 
urethral patency. The penile body is retracted dorsally, and any remaining attachments to the pubis are broken down until 
the ventral 180° of the penile body is freed of all pelvic attachments. The distal end of the urethra is incised longitudinally 
along its dorsal midline for 2 cm. The urethral mucosa is then sutured to the skin with absorbable monofilament suture. 
First, the mucosa at the dorsal aspect of the urethral incision is apposed to the skin with 2 interrupted sutures on each 
side. Take care to include the mucosa in each suture bite, because the mucosa has a tendency to retract. The remaining 
mucocutaneous apposition is performed along each side of the urethra with a simple continuous or interrupted pattern, 
similar to the technique described in cats. Tunica albuginea is not included in the mucocutaneous apposition. Remaining 
defects of subcutaneous tissue and skin, dorsal or ventral to the stoma are closed routinely.

Measures for urolith prevention in ruminants also consist of evaluation of the calcium: phosphorus ratio in the diet. The 
ratio Ca:P should be 2:1 and a high phosphorus intake should be decreased by adaptation of the diet (feeding grass hay). 
Another or additional method to prevent formation of struvite stones is to increase the acidity of the urine by adding 
ammonium chloride to the diet.

11.4 The Uterus

Procedures on the reproductive organs are common reasons for abdominal surgery in large and companion animals. In 
addition to the removal of the ovaries and uterus (see below: ovariohysterectomy), Cesarean section is the most common 
operation on the uterus. 

11.4.1 Opening and Closing of the Uterus

In ruminants, the uterus is approached by means of an incision in the left flank. In small animals, the uterus is approached 
through a caudal, midline celiotomy, from a few centimeters cranial to the umbilicus to a few centimeters cranial to the 
os pubis. In ruminants, the incision in the uterine wall continues from directly under the position of the foot to the hock 
in a lengthwise direction of the horn in the major curvature of the uterine horn, thus avoiding cutting the placenta. It 
is better to begin the incision under the claws so that after the incision is made, the legs cannot be stretched. In small 
animals, the incision is made in the uterine horn that contains the largest number of fetuses. The incision is made in the 
major curvature close to the bifurcation between the placentas. Care must be taken to avoid injuring the fetuses. The 
incision must be long enough to remove the fetuses without tearing the wall of the uterus. Both in ruminants and in small 
animals the incision is closed with a modified continuous Cushing suture (following the Utrecht method; Chapter 5), 
using monofilament absorbable suture material in small animals and multifilament braided absorbable suture material in 
ruminants and the horse. 

In the horse, Cesarean section is performed under general anesthesia in dorsal recumbency through a midline celiotomy or 
in (almost) lateral recumbency via a paracostal approach.
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Ovariectomy Versus Ovariohysterectomy in Neutering

Neutering requires removal of the ovaries. There is no need to remove the uterus unless there is a specific indication for 
this. The advantage of ovariectomy over ovariohysterectomy is that it is a simpler procedure that causes less trauma and 
requires less anesthetic time. If there are no gynecological problems or visible abnormalities of the uterus an ovariectomy 
is the method of choice for neutering dogs and cats. 

Technique of Ovariectomy and Ovariohysterectomy in the Dog 

The patient is positioned in dorsal recumbency. The uterus and the ovaries are approached through a caudal midline 
incision. The incision is started just caudal to the umbilicus and extended to a few centimeters cranial to the os pubis. It 
may be necessary to extend the incision cranially if the mesovarium is very short or if the uterus is severely distended. The 
use of a self-retaining abdominal retractor (like a Balfour retractor) may be useful to obtain better exposure. The ovaries 
are situated caudodorsal to the kidneys and can be located by palpation. They are connected to the last two ribs by the 
suspensory ligament. The ligament is severed by blunt (tearing) or sharp (scissors, electrosurgery) dissection. This releases 
tension on the ovary and facilitates ligation of the ovarian artery and vein. The broad ligament (mesometrium) is bluntly 
perforated at the level of the ovary. The opening must be large enough to pass a ligature.

The ovarian arteries and veins run in the broad ligament where they follow a tortuous course. They are surrounded by 
fat, which makes the ovarian pedicle relatively substantial, especially in obese dogs. To avoid the suture from slipping of 
the pedicle a cuff of sufficient length must be left above the ligature. This may be difficult to achieve because the ovaries 
are relatively deep seated in the abdomen. Severing the suspensory ligament gives some laxity, but even with this access 
to the ovaries is still limited. Several techniques can be employed to ligate the ovarian pedicle securely. One of them is 
the so-called three-clamp method. Three long curved hemostats are placed over the ovarian pedicle dorsal to the ovary. 
The pedicle is cut between the middle and the upper clamp to improve access to the pedicle. The remaining two clamps 
are held by an assistant while the surgeon positions the first ligature below the deepest clamp. The assistant releases 
(and removes) the deepest clamp while the surgeon tightens the ligature. This allows the suture to slide in place in the 
groove that was formed by the clamp. When clamped, the pedicle has the shape of an ellipse, but once it has been ligated 
the cross section is a circle. Because the largest diameter of the ellipse is larger than that of the circle, the clamp (if not 
removed) limits tightening of the ligature. Good coordination of the actions of the assistant and the surgeon is therefore 
essential. When properly executed the surgeon feels how the ligature tightens when the clamp is released. The second 
clamp above the ligature helps the assistant to present the pedicle to the surgeon and guarantees that a cuff of sufficient 
length remains above the ligature.
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11.4.2 Ovariectomy and 
Ovariohysterectomy in the Dog and the Cat

An ovariohysterectomy can be performed for therapeutic or 
non-therapeutic reasons. Medical indications for an ovariectomy 
or ovariohysterectomy include: pseudopregnancy, recurring 
vaginitis, diabetes mellitus, acromegaly, ovarian tumors and 
other disorders of the ovaries or uterus (Figure 10). Even though 
a bitch is healthy, an owner may request an ovariohysterectomy 
for the termination of pregnancy or because of undesired 
attention of the bitch from male dogs when the bitch is in heat. 
When this is done at a young age (before the first heat), the 
chance of mammary tumors in the dog is significantly decreased. 
Early neutering has been associated with urine incontinence, 
cancer and developmental issues, however, in both the male dog 
and the bitch. 

Figure 10. An ovariohysterectomy has been 
performed in a dog with an abnormal uterus.
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Ovariectomy and Ovariohysterectomy in the Cat

The procedure is similar to that in the dog. The only difference is that there is no need to sever the suspensory ligament 
because it is longer than in the dog and contains less fat. 
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12.1 Introduction
 
Veterinary dentistry is more and more a common part of general practice. Most, if not all, of our veterinary patients are 
affected by periodontal disease. This varies from a mild gingivitis, which can be altered with proper dental (home) care 
to severe periodontitis, where professional dental cleaning may not be sufficient to control the inflammatory changes. 
In those cases, multiple extractions are often indicated. This chapter is designed to help the reader to understand the 
commonly used instruments in controlling periodontal disease and performing extractions. It is important to learn how 
to use the instruments properly.
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12.2 Anatomy

A basic understanding of the tooth and tooth-surrounding 
structures is essential to understand the proper use of dental 
instruments. 

12.2.1 Tooth

The tooth is composed of a crown and a root. The part of the 
crown above the gingiva is the clinical crown. The anatomical 
crown reaches from the top of the crown to the cemental 
enamel junction (CEJ). The crown is covered by enamel, 
whereas the bulk of the tooth (crown + root) is formed by 
dentine (Figure 1). The inner part of the tooth is filled with 
pulp tissue (mainly composed of blood vessels and nerves). 
The blood vessels enter the pulp cavity at the apex. 

Figure 1. cc=clinical crown, ac=anatomical crown, 
tr=toot root, e=enamel, d=dentine, p=pulp, fg=free 
gingiva, ag=attached gingiva, mj=mucogingival junction, 
am=alveolar mucosa, ab=alveolar bone, pdl=periodontal 
ligament, c=cementum.

12.2.2 Periodontium

The periodontium consists of gingiva, cementum, periodontal ligament and alveolar bone (Figure 1). The gingiva exists 
of free gingiva, where no connection to the tooth is present and the attached gingiva, which is attached to the underlying 
bone. The space between the tooth and the free gingiva is called the sulcus. The mucogingival junction separates the 
gingiva from the oral mucosa. The periodontal structures are important for stability of the tooth. 
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12.3 Dental Equipment

A basic understanding of the tooth and tooth-surrounding structures is essential to understand the proper use of dental 
instruments. 

12.3.1 Examination Instruments

Figure 6. Double ended dental 
mirror.

Figure 5. Dental explorer and 
periodontal probe combined in 
one instrument.

12.3.1.1 Dental Explorer 

The dental explorer (Figure 2) is the first instrument to be used 
in the mouth when starting the dental examination. The dental 
explorer has a sharp tip and is used to explore the hard dental 
tissues. It is used to distinguish between calculus and other 
discolorations of the tooth. It is also used to detect resorptive 
lesions and caries.

12.3.1.2 Periodontal Probe 

The periodontal probe (Figure 3) is commonly used for 
measuring the depth of the gingival sulcus and periodontal 
pocket (Figure 4). This instrument has markings in millimeters 
and is an important tool to detect and diagnose periodontal 
disease. 

The periodontal probe is also used to determine the gingival 
recession. Gingival recession is measured from the gingival 
edge to the CEJ. The total amount of attachment loss is the 
periodontal pocket dept + gingival recession. The dental explorer 
and periodontal probe may be combined in one instrument 
(Figure 5).

Figure 2. Dental explorer.

Figure 3. Periodontal probe.

Figure 4. Measuring periodontal pocket depth.



255

12 - VETERINARY DENTISTRY

12.3.1.3 The Dental Mirror 

The dental mirror may be double ended (Figure 6) or single ended and is a helpful instrument when working in the caudal 
parts of the oral cavity. It can be used for better views, retracting the lips, or to inspect the palatal or lingual parts of the 
teeth.

12.3.2 Professional Dental Cleaning 

12.3.2.1 Hand Instruments

Figure 9. Holding a universal curette.

Figure 8. A Gracey curette.

Curette
The curette is used to remove calculus above as well as below the gingiva (subgingivally). The blunt end of the tip makes 
it suitable for subgingival use. There are two type of curettes: a universal and a Gracey (Figure 8). A Gracey curette has 
only one sharp side and the sharp edge is placed in an angle of 70 degrees to the long axis of the tooth root. This is the 
reason that for removal of the calculus subgingivally the instrument has to be turned a little bit to become active. A 
universal curette has two sharp sides. For removal of the calculus it has to be held perpendicular to the long axis of the 
tooth root (Figure 9).

Excavator 
The excavator (Figure 10) is generally used to remove the soft caries decay in molar teeth of the dog. It may also be 
used for removing calculus in areas that are difficult to reach, for cavity preparation in dental restorative treatments and 
removal of abnormal or damaged enamel.

Scaler
The scaler (Figure 7) is used to remove calculus above the 
gingiva, which is called supragingival calculus. The scaler 
is designed only for supragingival use, because it has sharp 
edges on both sides and a sharp tip. The scaler has to be 
held at the long axis of the tooth supragingivally. Figure 7. Dental scaler.

Figure 10. An excavator.
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All dental hand instruments are used with the modified 
pen grip. The first three fingers (thumb, forefinger and 
middle finger) are positioned with the fingertips against the 
instrument and the phalanxes in a bent position (Figure 11). 

12.3.2.2 Ultrasonic Instruments

Ultrasonic instruments are used for removing calculus and 
plaque and are a necessity for every veterinary practice 
(Figure 12). Generally, ultrasonic instruments remove 
calculus faster than hand instrumentation, but should 
always be used in combination with hand instruments. The 
oscillation of the tip of the ultrasonic scaler removes the 
calculus. Ultrasonic tips move in a back- and forward motion 
or describe an oval or round pattern. Therefore, tips should 
never be used perpendicular to the tooth surface. There are 
special tips designed for supra- and subgingival use. Pointed 
sharp tips mostly can be used subgingivally; the chisel tips 
are only used supragingivally (Figure 13).

The ultrasonic scaler heats up quickly and damages the 
pulp of the tooth if it is used incorrectly (The power rating 
from an ultrasonic scaler ranges from 40.000 to 100.000 
Hertz). The pressure on the tip should not exceed 20 g. It 
is advisable to train this on a scale. The instrument has a 
variable power dial and should be used according to the 
manufacturer instructions. With increasing power more 
heat is generated. It should not be used for more than 10-
15 seconds on one tooth surface. The tip must always be 
cooled by an adjustable water spray. The water spray causes 
an aerosol which will pollute the dentistry area and the 
operator. Incorrect uses of ultrasonic devices will seriously 
damage the tooth surface.

12.3.2.3 Polishing

Polishing cups (Figure 14) are used after removal of the 
remaining calculus and plaque on the enamel surface after 
cleaning the teeth with hand- and ultrasonic instruments. 
Hand instrumentation as well as ultrasonic scaling causes 
microscopic damage on the enamel surface which must 
be smoothed off with a polisher. The cups are used with 
a low-speed handpiece or micromotor at max 2000/
min. It is important to polish only the enamel of the teeth 
and no longer then 10 seconds on one tooth to prevent 
overheating and (irreversible) damage of the pulp tissue. 
Only light pressure has to be used and a fine polishing paste 
is recommended.

Figure 11. Modified pen grip, note that the first three 
fingers (thumb, forefinger and middle finger) are 
positioned with the tips against the instrument.

Figure 12. Example of a (separate) ultrasonic device for 
calculus and plaque removal.

Figure 13. Different ultrasonic tips. Left; Tip for 
supragingival use. Right; Tip for subgingival use.

Figure 14. Example of polishing cups.
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12.3.2.4 Extraction

Dental Luxator 
A dental luxator is commonly used to break the periodontal 
ligament and is a sharp instrument. It works like a knife; it 
cuts the periodontal ligament and loosens the tooth root from 
its alveolus. A luxator is held parallel to the tooth root. The 
composition of the steel is less strong then in a dental elevator. 
If a rotating force is used, the blade of the dental luxator will 
bend easily. The use of a dental luxator is less traumatic then 
a dental elevator. There are different types and sizes of dental 
luxators available (Figure 15).

Dental Elevator
A dental elevator is commonly used to break and tear the 
periodontal ligament. It is more traumatic than a dental luxator. 
In contrast to a dental luxator, an elevator is made of stronger 
steel. Rotating forces can be used with an elevator.

There are different sizes of elevators available. There are 
different handles and working tips (winged/non-winged) as well 
(Figure 16).

Forceps
Different forceps are used depending on the location of the tooth 
that has to be removed. Forceps may have an open active end 
or closed end (Figure 17). Usually, the open forceps are used 
to remove the luxated tooth out of its alveolus, whereas the 
“closed” forceps is designed to remove a tooth root. A “Stieglitz” 
is a very helpful forceps for removal of root tips (Figure 17).

High and Low Speed Instruments
The use of high- and low speed instruments (Figure 18), often 
in combination available in a dental unit, is indispensable when 
performing extractions of multiple-rooted teeth.
 

Figure 15. Different types and sizes of dental 
luxators.

Figure 16. Different types, sizes and handles of 
dental elevators.

Figure 17. Forceps from left to right; Forceps 
with a closed active end for removal of tooth 
roots, forceps with an open active end for 
removal of tooth and “Stieglitz”, for removal of 
tooth root tips.Figure 18. Example of a dental unit.
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Extraction Technique

A closed extraction is commonly used on single rooted teeth such as incisors or first premolars. With an elevator or 
luxator the periodontal ligament is cut and the tooth is loosened from its alveolus. Rotating forces are only applied with 
an elevator and should be applied for at least 10 seconds. Care must be taken not to use too much (rotation) force to 
prevent breaking the root of the tooth. If the tooth is mobile enough it can be removed with a forceps from its alveolus. 
Preferably, the extraction socket is flushed with saline or chlorhexidine solution and closed by suturing.

A surgical extraction is commonly used on multi-rooted teeth, teeth that are affected by resorptive lesion(s) and retained 
tooth root tips. In large teeth, such as canines and mandibular molars, the choice for an open or closed extraction is 
made based on mobility of the tooth and operator preference.

12.4 Periodontal Diseases

12.4.1 Gingivitis

Gingivitis is a reversible inflammation of the gingiva. If the inflammation passes beyond the mucogingival line it is 
called a stomatitis. The degree of inflammation can vary from mild to severe. When a mild gingivitis is present the 
gingiva is slightly red, mostly without bleeding on probing. In a severe gingivitis, the gingiva can be bleeding on probing 
or spontaneous bleeding can occur. With a periodontal probe the depth of the sulcus can be measured and should not 
exceed 0-1 mm in cats and 1-3 mm in dogs.

To access the roots of the tooth that needs extraction, an incision first is 
made through the gingiva into the bone and a mucoperiostal flap is raised 
with a periostal elevator (Figure 19). Care must be taken not to perforate 
the flap. A triangulated flap is commonly used to preserve the caudal blood 
vessels of the flap. Around 1/3 of the buccal alveolar bone is removed with 
a round burr on a low or high-speed handpiece with water-cooling spray. 
The root(s) and the furcation are now visible. The tooth is separated in 
single rooted teeth with a burr in high or low speed handpieces.

The single rooted teeth are extracted with an elevator or a luxator in the 
same way as in a closed extraction. The alveolus is flushed, and debris is 
removed, sharp bony edges are smoothened with a round (low speed) burr. 
A releasing incision is made in the periostium of the mucoperiostal flap 
with a scalpel blade number 11 or 15. The mucogingival flap is sutured over 
the extraction socket.

The flap is sutured in place with monofilament suture material (in cats and 
small dogs normally a 5-0; in large breed dogs a 4-0 suture is used).

Figure 19. Periostal elevators, used 
for raising a mucoperiostal flap.
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12.4.2 Periodontitis

Periodontitis is a progressive irreversible plaque induced inflammation of the periodontium. The periodontium consists 
of gingiva, periodontal ligament, cementum of the tooth and alveolar bone. Foeter ex ore (bad smell from the mouth) is 
often the complaint with which the owner will present the animal in cases of periodontitis. Periodontitis is by definition 
preceded by a gingivitis. There are multiple forms of periodontitis. 

Periodontitis can be generalized (affecting all teeth) or local (one or more teeth). If the sulcus exceeds in dogs 1-3 
mm and in cats 1 mm it is called a periodontal pocket. Due to accumulation of dental plaque and the effects of the 
inflammation the sulcus will transform in a periodontal pocket. The attachment of the tooth is compromised by 
periodontitis and the result is attachment loss, which results in symptoms such as bleeding on probing (gingivitis), 
periodontal pocketing, alveolar bone loss and in a final stage mobility of the tooth. Periodontitis will often be 
accompanied by gingival recession. Without therapy the affected tooth will exfoliate (detach) due to loss of attachment.

12.4.3 Examination

A periodontal therapy should be preceded by a proper periodontal examination. The instrument that is assigned for 
the periodontal examination is a periodontal probe (Figure 3). A periodontal probe is used to explore the depth of the 
sulcus and should be handled with light pressure (20 g maximum), this in contradiction with a dental explorer which 
should be used with no pressure at all (Figure 2). Periodontal examination is performed to determine the degree of 
periodontal disease, using and combining several periodontal variables (i.e., calculus, pocket depth, gingival recession, 
furcation, mobility and gingivitis). Various dental charts are available. A recent online chart is available through e-VDS 
(electronic Veterinary Dental Scoring through https://e-vds.vet/). Additionally, dental radiographs are an indispensable 
diagnostic tool in evaluation of the degree and for the treatment of periodontal disease. The knowledge of the amount 
of bone loss around roots and the anatomy of those roots is needed to determine whether a tooth can be saved or has to 
be extracted. Intra-oral radiographs are furthermore important to prevent or treat complications that can occur during 
treatment.

12.4.4 Therapy

Therapy of periodontitis is challenging. The first step is supragingival 
removal of calculus and dental plaque. This can be done by hand 
instruments (dental scaler or rongeur (Figure 20) or ultrasonic devices (see 
12.3.2.2). The second step will be removal of dental plaque and calculus 
subgingivally. For subgingival cleaning a (sharp) curette can be used in 
combination with ultrasonic scaling. For subgingival scaling special tips are 
used and the ultrasonic device settings must be adjusted according to the 
manufacturer instructions. If there is more than 50% attachment loss, an 
extraction of the tooth is indicated. Dental radiographs are mandatory to 
evaluate the degree of periodontitis.

After cleaning, the pocket can be flushed with a syringe filled with 
saline or a chlorhexidine solution (0.125%) using a blunt needle or small 
catheter. Anesthesia-free dentistry has become a popular topic, recently. 
A thorough and proper professional dental cleaning, however, can only 
be performed under general anesthesia (https://www.avma.org/javma-
news/2016-02-01/below-surface-anesthesia-free-dentistry).

The importance of homecare must be explained to the owner. Homecare is 
toothbrushing on a daily basis and the aim is to stop the progression of the 
periodontal disease.

Fig 20. Rongeur, used for removal 
of supragingival calculus and 
smoothening sharp alveolar bone 
ridges. 

https://e-vds.vet/
https://www.avma.org/javma-news/2016-02-01/below-surface-anesthesia-free-dentistry
https://www.avma.org/javma-news/2016-02-01/below-surface-anesthesia-free-dentistry
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12.4.5 Dental Vision/How to Market Veterinary Dentistry

Dental problems are one of the most commonly seen diseases in veterinary practice and dentistry therefore provides a 
great opportunity for the veterinarian to engage with clients. The first thing for a general practice/practitioner is to be 
aware of the importance of good preventative dental health and to truly advertise this to the clients who enter the clinic. 
Good dental health starts with brushing. Cats and dogs are more likely to accept this if trained at a young age. Brushing 
instruction should be part of the first consultation when owners present a new animal. Tell owners that brushing not 
only gives a better dental health, but also gives the owner the opportunity to regularly check the oral cavity and to notice 
any abnormalities at an earlier stage than if brushing is not part of daily routine. Exposing that the practice is aware 
of dental health may start in the waiting room by showing examples of a healthy mouth and offering dental home care 
products for sale at the counter. Dental home care products other than tooth brushing (among which are mouthwashes, 
dental diets and dental chews) are complementary methods for better oral health. 

To communicate the importance of dental health, images of a healthy mouth with healthy teeth next to diseased teeth 
in the examination room can offer a better understanding to the owner than just telling them that the patient needs “a 
dental”. Make it a routine job to check the oral cavity each time the owner comes with an animal, and if abnormalities are 
seen inform the owner that a good examination and treatment should be performed in the sedated animal.
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13.1 Introduction
 
Thoracic surgery is often viewed in private practice as more complicated than abdominal surgery and is performed less 
commonly. With proper anatomical knowledge, appropriate diagnostic workup, good general surgical skills, and an 
experienced anesthesia team able to carefully monitor the patient, however, several procedures could be successfully 
performed by the all-round veterinary surgeon, as well. Whereas some diseases tend to be presented in stable 
patients, which can be referred too if deemed more appropriate, every veterinarian will be confronted with challenging 
emergencies. Often, these cases show up without warning and need immediate attention. It will be up to the private 
practitioner to deal with these emergencies to the best of their knowledge. In this chapter, the most common surgical 
thoracic approaches and emergencies are presented. Except for pericardiectomy, this chapter will not discuss surgical 
cardiac diseases but diseases of the lungs and thoracic wall only.

Definitions:
• Thorax = chest
• Thoracotomy = incision of the chest wall and opening the chest
• Sternotomy = incision and splitting of the sternum to open the chest
• Intercostal or lateral thoracotomy = incision between the ribs to open the chest
• Median sternotomy = splitting of the sternum through the middle
• Lobectomy = removal of one or more lung lobes 
• Pneumonectomy = removal of all lung lobes on one side
• Thoracoscopy = endoscopic approach to the chest

This chapter mainly focuses on companion animals, as thoracic procedures are much more common in these species.
 

13.2 Thoracic Surgery and Surgical Anatomy of the Chest

Although most thoracic diseases will require specialized treatment, some common disorders can be managed 
successfully in private practice with a proper understanding of basic anatomy, physiology, and surgical techniques. Many 
aspects of “general” soft tissue or orthopedic surgery, for instance, concerning patient and surgeon preparation, delicate 
tissue handling, and basic surgical techniques, are also applicable to more advanced thoracic surgery. However, opening 
the chest requires an advanced anesthetic set-up, and ventilation and close monitoring is of extreme importance. 
Patients should be referred to specialists when there is doubt about whether or not an indication for surgery exists or in 
case of unfamiliarity with the surgical anatomy and physiology of the region or the appropriate and necessary operative 
techniques.

The thoracic cavity is defined by the ribs, sternum, and thoracic vertebrae. Dogs and cats have 13 thoracic vertebrae, 13 
ribs, and nine sternebra (sternal bones). The most cranial sternebra is the manubrium, above which lies the area known 
as the thoracic inlet, through which travel the esophagus, trachea, great arteries and veins, and nerves such as the 
phrenic, vagal, and recurrent laryngeal nerve. The most caudal sternebra is the xiphoid, positioned dorsal (under) to the 
linea alba and ventral (above) to the falciform ligament. Within the chest, the left cranial lung lobes project slightly more 
cranially than the right and, on inspiration, may project cranial to the first ribs.

13 - THORACIC SURGERY
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The lungs in dogs and cats are deeply fissured into distinct 
lobes. Both left and right lungs are consistently divided into 
cranial and caudal lobes. The larger right lung is further divided 
into a middle, intermediate or cardiac lobe and an accessory 
lobe. The left lung’s cranial lobe is usually partly divided into 
cranial and caudal parts (Figure 1). Each main lobe receives a 
mainstem bronchus, further divided into bronchi, bronchioles, 
and end in the terminal bronchioles. The terminal bronchioles 
are continuous with alveolar ducts, which contain outpouchings 
along their length. These terminal bronchioles are surrounded 
by smooth muscle and open into clusters of alveolar sacs, which 
are gas exchange sites. 

The lung’s primary function is gas exchange between inspired 
atmospheric air and venous blood returning from metabolizing 
tissues. Lung circulation has other non-respiratory functions, 
such as filtration of emboli from blood and the activation 
and metabolism of vasoactive substances. The lung releases 
active substances like histamine, prostaglandins, and kallikrein 
into the circulation and removes bradykinin, norepinephrine, 
serotonin, and prostaglandins from the circulation.

Figure 1. Schematic representation of the lungs 
in the chest of a dog (CrLCr= Cranial part of the 
cranial left lung lobe; CaLCr= Caudal part of the 
cranial left lung lobe; LCa = Left caudal lung lobe; 
RCr = Right cranial lung lobe; RM =  Right middle 
lung lobe; RCa = Right caudal lung lobe; RAc = 
Right accessory lung lobe).

Normal resting ventilation is accomplished primarily by contraction of the diaphragm, which moves caudally during 
inspiration and herewith pulls the caudal lung surfaces with it. During passive expiration, the diaphragm relaxes, and the 
elastic recoil returns the lung to its former position. Other muscles are used when ventilatory demands are increased, 
like the internal and external intercostals, sternocleidomastoid, ventral serratus, scalene muscles, and abdominal rectus 
muscles.

13.3 Pre-Operative Workup of Patients Before Thoracic Surgery

13.3.1 Diagnosis of Thoracic Diseases

Diagnosis of diseases involving the thoracic wall and thoracic 
cavity is mainly based on history and physical examination 
findings. Additional information is gained by radiography, 
ultrasonography, CT-scan or MRI, thoracocentesis, aspiration 
cytology, and/or pulmonary function testing. Thoracoscopy 
is a relatively new technique that is increasingly used for 
both diagnostic and therapeutic purposes. As a last resort, 
exploratory thoracotomy can be used for diagnostic purposes 
whenever a diagnosis cannot be made with the previously 
mentioned diagnostics.

In addition to a complete physical examination and bloodwork, 
diagnostic imaging, including chest radiographs or CT are often 
essential in diagnosing the extent of disease (Figure 2).

Figure 2. Radiograph of a cat with a military 
nodular pattern.
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It is essential to evaluate both sides of the thoracic cavity for lung abnormalities, pneumothorax, rib fractures, hernias, 
and pleural fluid. Routine thoracic radiographs, lateral and dorsoventral, are made in all patients suspected of having 
pulmonary disease, on inspiration from the thoracic inlet to the lungs’ most caudal extent. In checking for small focal 
lesions, like metastases or focal areas of pneumonia, two lateral views, right and left recumbent lateral views, are made. 
Radiographs should be carefully examined for interstitial, bronchial, and alveolar patterns, hilar lymphadenopathy, 
pulmonary artery enlargement, abnormalities of the heart, and mass lesions. More detailed evaluation requires a CT-
scan, which is fast becoming the standard way of diagnostic imaging the chest. Arterial blood gas analysis is the single 
most effective means of evaluating pulmonary disease next to physical examination and radiography. Arterial blood can 
be obtained in most awake dogs by percutaneous puncture of a femoral or dorsal pedal artery. Blood is collected from 
the animal quietly breathing room air and after breathing 100% oxygen. A normal PaO2 is between 90- and 100 mm 
Hg. Hypoventilation is present when the PaCO2 is elevated (> 40 mm Hg). Pulmonary scintigraphy using technetium 
99m-labeled aerosols is primarily used to diagnose pulmonary thromboembolism by demonstrating underperfused lung 
areas. But the technique can be used to examine all forms of ventilation-perfusion mismatches. Endoscopic examination 
(tracheobronchoscopy) is invaluable for diagnosing pulmonary disorders. It allows for direct visualization of the 
respiratory tract and an accurate collection of samples for cytologic analysis and culture and foreign bodies retrieval.
Finally, with or without ultrasonographic guidance, a transthoracic needle biopsy is invaluable in diagnosing 
pulmonary neoplasia. The technique is less valuable, however, in diagnosing other diffuse lung diseases. Biopsies can 
also be obtained in some cases with thoracoscopy. As a last resort, an open-chest lung biopsy can be performed. 
In pneumothorax and evident dyspnea, chest drains will have to be placed, or the air should be evacuated using 
thoracocentesis before surgery. 

With bite wounds, the outside skin wounds are often small, but the internal damage can be extensive. Don’t let yourself 
be fooled by the fact that the external injuries are easy to close. Broad-spectrum antibiotics are always indicated in 
thoracic trauma cases. Intravenous administration is the preferred method.
      

13.3.2 Indications for Surgery & Preoperative Care

Animals that undergo chest surgery may be stable patients with surgical diseases discussed hereafter or are emergency 
patients, usually due to acute trauma, with a debilitated respiratory or cardiovascular system, and often need to be 
stabilized before surgery. Indications for the latter group are discussed here. 
The most critical step in treating thoracic patients (dogs and cats) is the initial assessment and examination. Thoracic 
trauma patients are always an emergency, and your speed of action depends on how dyspneic they are. In the ABCD’s, 
the respiratory system has our immediate attention!

ABCD
The basic life support of a patient should follow the following steps:

A     Establishment of airway/oxygen
B      Breathing support/thoracic wall
C      Circulatory support/mucous membranes/pulse
D     Disabilities/neurologic/posture

In general, this means that most patients can be stabilized by providing oxygen, removing chest fluid by thoracentesis, 
or by placing a chest tube. In some patients, intubation with ventilation will be required for more definitive stabilization. 
Bloodwork should be performed to assess the patient’s respiratory impairment and aid fluid support. After your basic life 
support, you will have more time to perform a more complete physical examination. Often, in thoracic trauma, little dogs 
are bitten by large dogs and may have multiple puncture holes. Always clip the entire affected area in search of these 
small punctures. Other common causes of thorax trauma are hit by car incidents and blunt and penetrating traumatic 
events. 



266

13 - THORACIC SURGERY

Exploratory surgery always needs to be performed in animals 
with thoracic trauma if there is

1. An open connection to the pleura or peritoneum
2. Extensive flail chest
3. Progressing emphysema of neck and chest
4. Free gas in the abdominal cavity
5. Extensive herniation of abdominal or thoracic organs  
 (like lungs)
6. Any signs of internal organ damage or uncontrollable  
 hemorrhage

Thoracic trauma is often approached laterally, but when 
trauma is extensive and abdominal involvement is expected 
or confirmed, a ventral approach may be preferred. After the 
initial skin incision, the damage to the subcutis, muscles, 
and ribcage is evaluated. Simple muscle tears can be sutured 
primarily, but extensive rib fractures and avulsions often 
need innovative reconstruction techniques. The goal is the 
reinstatement of the negative pleural pressure to allow full 
lung expansion. After reconstructing an airtight thoracic wall, 
the other tissues are primarily sutured over passive or closed 
suction drains. External coaptation for flail chest management 
has been described, with variable success (Figure 3). Immediate 
intervention of diaphragmatic hernias is seldom necessary, 
except if the stomach is located in the chest. In these cases, the 
stomach will fill with air and severely impede breathing. In other 
cases, delayed surgery is better to allow demarcation of the 
diaphragmatic wound edges.

Figure 3a and b. An example of a flail chest in a 
dog during inspiration and expiration.

a

b

13.3.3 Anesthesia, Perioperative Medication

Lung expansion may be decreased by several causes and cause impairment of lung function. General anesthesia, 
intubation, and mechanical ventilation of the patient are indispensable for all procedures in which the thorax is entered. 
Opening of the pleural space will result in pneumothorax, which will need to be corrected when the surgical procedure 
has been completed, and the thorax closed. The goal of ventilatory support is to mimic normal ventilation. Tidal volume 
is approximately 15 ml/kg. The normal respiratory rate is 6-12 breaths per minute. The maximum airway pressure during 
ventilation is 15-18 cm H2O in the dog and 12-15 cm H2O in the cat. Increased airway pressure of 20-30 cm H2O may 
be required to maintain adequate volume in open-chest procedures. The ratio of inspiration to expiration is 1:2 or 1:3. 
Ventilation can be provided by manual compression of the reservoir bag or by mechanical ventilation. Pressure-cycled 
and volume-cycled ventilators are available. Ventilatory support is usually administered as intermittent positive-pressure 
ventilation (IPPV). Additional techniques may be used to improve gas exchange in compromised patients, like positive 
end-expiratory pressure (PEEP) to help keep the small airways open. Monitoring is essential during thoracic surgery and 
can be achieved by observing mucosal membrane color, Capillary Refill Time (CRT), utilizing capnometry, pulse oximetry, 
electrocardiogram (ECG), blood pressure measurements, and blood gas analysis.

Clinical signs may include contusions, lung trauma, fractured ribs, rupture of the intercostal muscles, penetrating injury 
to the chest, hernias (diaphragmatic and ventral), and bleeding in or outside of the chest. Initial therapy should include 
providing oxygen, calming down the patient, and addressing the wounds. Especially in open chest wounds or in case of a 
flail chest, supportive bandages may prevent tension pneumothorax and asphyxia.
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13.4 Operating Room Setup for Thoracic Surgery

13.4.1 Position of the Patient and Surgeon

For all exploratory procedures mentioned in this Chapter, which require access to both sides of the thoracic cavity, 
a sternotomy, the patient is placed in dorsal recumbency with the front legs extended cranially. The patient's head 
and neck are slightly elevated from the table with inflatable mattresses. The chest should be slightly higher than the 
abdomen on the table to reduce pressure on the diaphragm. The surgeon generally stands on the right side of the patient 
for the approach. 

For lateral intercostal procedures (see 13.5), the animal is positioned in lateral recumbency with the recumbent side 
contralateral to the one approached. Also, the patient's dorsal side should be slightly elevated with inflatable mattresses 
in such a way that the vertebrae are higher than the sternum to improve access to the intrathoracic structures. The front 
legs should be extended cranially and the back legs caudally. The surgeon is positioned at the ventral side of the patient. 

13.4.2 Preparation of the Operative Site 

The operative site is prepared by shaving the patient’s hair away from all areas of the thoracic cavity that have to 
be manipulated during surgery (including the location for thoracic drain placement). For a lateral thoracotomy, this 
generally entails prepping from the scapular spine rostrally to the 13th rib caudally, the vertebrae dorsally, and the 
sternum ventrally. For sternotomy procedures, the clip extends from midway of the neck rostrally, the umbilical area 
caudally, and 5 cm laterally from the ventral midline on both sides. The operative site is then sterilized, as described in 
Chapter 2. 

13.4.3 Instruments

With the abundance of high-quality surgical instruments on the veterinary market, an instrument for virtually every 
application is available. The economics of veterinary practice is usually the limiting factor, though, making selecting 
the proper instruments a necessity. Most thoracic surgery is done with a few delicate yet straightforward instruments; 
however, some require special instruments. In addition to a basic surgical set with fine delicate instruments, the 
following instruments are highly recommended (see Chapter 3).
 

• Finochietto rib retractor
• TA-stapler
• Right-angled bile duct forceps
• Satinsky forceps
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13.5 Approaches to the Chest

13.5.1 Introduction

There are four ways to enter the chest, from the side by lateral (or intercostal) thoracotomy, through the middle using 
a median sternotomy, or via thoracoscopy. The chest can also be approached through the abdomen by incising the 
diaphragm. A lateral or intercostal thoracotomy is the standard approach when exposure to a defined thorax region is 
desired. The heart (pericard, Persistent Ductus Arteriosus (PDA), Persistent Right Aortic Arch (PRRA), valves), cranial 
vena cava, esophagus, and the specific lung lobes can all be adequately exposed through an intercostal thoracotomy. 
This approach affords good access to structures in the immediate area of the thoracotomy; access to structures outside 
the immediate area of the thoracotomy is limited, however. With rib resection thoracotomy, a somewhat increased 
exposure over an intercostal thoracotomy can be achieved. The exposure provided by an intercostal thoracotomy may be 
further improved by extending the thoracotomy through the sternum on the opposite side of the chest, a trans-sternal 
thoracotomy. Median sternotomy is the only thoracic approach that provides access to the entire thoracic cavity and 
is, therefore, the approach of choice when exploratory surgery of the thorax is indicated. Unresolved pneumothorax, 
pyothorax, and hemothorax are the three most common indications for a true exploratory thoracotomy. Structures in the 
dorsal mediastinum, such as the esophagus and bronchial hilus, are more difficult to access with median sternotomy.
      

13.5.2 Lateral or Intercostal Thoracotomy

The intercostal space chosen depends on the thoracic structures of interest. In general, the cardiac structures are 
approached best through the fourth or fifth intercostal space. The cranial lung lobes are accessed through the fifth 
intercostal space, whereas the caudal lung lobes are best accessed through the fifth or sixth intercostal space. The 
right middle lung lobe is accessed through the right fifth intercostal space. The thoracic duct in the dog is best accessed 
between the eight and tenth intercostal spaces on the right side. Thoracic radiographs also should be reviewed before 
the surgical procedure to help identify the most appropriate intercostal space. Regardless of the type of thoracotomy or 
exact intercostal space, a large area should be prepared for aseptic surgery to allow extension of the incision if needed.

1. The animal is placed in lateral  
 recumbency and an incision is made  
 with a scalpel through the skin,  
 subcutaneous tissues and cutaneous  
 trunci muscle in the appropriate  
 (now 5th) intercostal space  
 (Figure 4). The incision should  
 extend from just below the vertebral  
 bodies to near the sternum. 
 
2. The latissimus dorsi and pectoral  
 muscles are incised parallel to  
 the skin incision. Verify the correct  
 intercostal space by counting back  
 from the first rib (Figure 5). The  
 fifth rib is easily identified as the  
 caudal insertion of the scalenus  
 muscle.

Figure 4. An incision is made 
with a scalpel through the 
skin, subcutaneous tissues and 
cutaneous trunci muscle in the 
appropriate intercostal space.

Figure 5. The latissimus dorsi 
and pectoral muscles are incised 
parallel to the skin incision.
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3. Depending on the intercostal  
 space entered, either the scalenus  
 or the external abdominal oblique  
 muscle is incised. The serratus  
 ventralis muscle is separated to  
 expose the desired intercostal  
 space (Figure 6). 
 
4. The intercostal muscles are  
 incised midway between the ribs  
 to avoid lacerating the intercostal  
 vessels, coursing on the caudal  
 aspect of each rib (Figure 7). 

5. The pleura is punctured with  
 closed scissors or a blunt object to  
 allow air to enter the thoracic  
 cavity and to cause the lungs to  
 collapse away from the body  
 wall, and the incision is extended  
 with scissors dorsally to the  
 tubercle of the rib and ventrally  
 past the costochondral arch to the  
 internal thoracic vessels, which  
 course subpleurally near the  
 sternum (Figure 8). 
 
6. A Finochietto rib retractor is used  
 to expose the thoracic structures  
 (Figure 8).

Just before the closure of the thoracotomy, 
a thoracostomy tube is placed through 
the caudodorsal thoracic wall. The 
thoracostomy tube should remain open to 
the atmosphere during the thoracotomy 
site's closure to prevent inadvertent tension 
pneumothorax (Figure 9). After the closure 
is airtight, the pleural space is evacuated, 
and the thoracostomy tube is closed. Before 
thoracotomy closure, a selective intercostal 
nerve block of the adjacent intercostal 
spaces with 0.75% bupivacaine may be 
administered to decrease postoperative 
pain and improve ventilation.

Figure 6. The serratus ventralis 
muscle is separated to expose 
the desired intercostal space.

Figure 7. The intercostal muscles 
are incised midway between 
the ribs to avoid lacerating the 
intercostal vessels.

Figure 8. The incision is extended 
with scissors dorsally to the 
tubercle of the rib and ventrally 
past the costochondral arch.

Figure 9. Before closure of the 
thoracotomy, a thoracostomy 
tube is placed through the 
caudodorsal thoracic wall.
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The thoracotomy is closed by preplacing four to six heavy sutures, absorbable, or nonabsorbable, around the adjacent 
ribs (Figure 10). The preplaced circumcostal sutures are used by an assistant to approximate the ribs while the surgeon 
ties each suture. If necessary, the ribs can be further approximated with towel clamps or a rib approximator. Then, 
the serratus ventralis or external abdominal oblique and scalenus muscles are closed in a single layer with a simple 
continuous suture pattern (Figure 11).

The latissimus dorsi muscle, cutaneous trunci muscle, subcutaneous tissues, and skin are closed in separate layers with a 
simple continuous suture pattern (Figure 12).

Figure 10. The thoracotomy is closed in a cat by preplacing four to six heavy sutures, absorbable or nonabsorbable, around the 
adjacent ribs.

Figure 11. Then, the serratus ventralis or external abdominal oblique and scalenus muscles are closed in a single layer with a 
simple continuous suture pattern.

Figure 12. The latissimus dorsi muscle, cutaneous trunci muscle, subcutaneous tissues, and skin are closed in separate layers 
with a simple continuous suture pattern.

13.5.3 Ventral Sternotomy

1. Animals are positioned in   
 dorsal recumbency. The skin and  
 subcutaneous tissues are incised  
 along the ventral midline over the  
 sternum and the pectoral muscles  
 are sharply removed from the  
 sternal midline until the level of  
 the bone (Figure 13). 

2. A sternotomy is then performed  
 along the midline with an  
 osteotome or preferably an  
 oscillating saw or sternal splitter  
 (Figure 14). Once a segment of  
 the sternotomy has been   
 completed, a malleable retractor  
 can be inserted into the thorax to  
 protect the intrathoracic   
 structures during completion of  
 the remainder of the sternotomy. 

Figure 13. The skin and 
subcutaneous tissues 
are incised along the 
ventral midline over 
the sternum and the 
pectoral muscles are 
sharply removed from 
the sternal midline until 
the level of the bone.

Figure 14. A sternotomy 
is then performed along 
the midline with an 
osteotome or preferably 
an oscillating saw or 
sternal splitter.

10 11 12
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3. The manubrium or xyphoid should be preserved if possible, but occasionally a complete median sternotomy is  
 required such as when excising large cranial mediastinal masses. 

4. The edges of the sternotomy incision should be protected with moistened laparotomy sponges and Finochietto  
 rib retractors are recommended to maintain retraction and maximize exposure of the thoracic cavity  
 (Figure 15).

Following the surgical procedure's completion, a thoracostomy tube should be inserted into one or both hemithoraces 
as described above (Figure 16). Stable closure of the median sternotomy using a figure of 8 technique over the sternal 
synchondrosis is imperative to avoid postoperative pain, pneumothorax, and sternal non-union.

Either heavy gauge suture material or orthopedic wire can be used (Figure 17). Following the sternotomy closure, 
the pectoral muscles, subcutaneous tissue, and skin are closed routinely in separate layers, and the thoracic cavity is 
evacuated to re-establish negative intrathoracic pressure (Figure 18).

Figure 15. Rib retractors are recommended to maintain retraction and maximize exposure of the thoracic cavity. 

Figure 16. A thoracostomy tube is inserted into the one or both hemithoraces.

Figure 17. Stable closure of the median sternotomy using a figure of 8 technique over the sternal synchondrosis is imperative.

Figure 18. Following closure of the sternotomy, the pectoral muscles, subcutaneous tissue, and skin are closed routinely in 
separate layers.

13.5.4 Thoracoscopy

The main advantage of thoracoscopy is the avoidance of a large thoracotomy incision. Thoracotomy incisions are 
associated with a large amount of discomfort, a more extended recovery period, and large apparent scars. The main 
disadvantage of thoracoscopic surgery is the alleged limited visibility and small working space caused by the lungs' 
insufflation. Thoracoscopy can evaluate the other areas of the chest before, during, or after the procedure. 

15 16

17 18
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Thoracoscopy can also add a beneficial advantage to reach 
areas that generally cannot be reached without making a larger 
incision. The thorax can either be evaluated through a lateral or 
a parasternal approach depending on the lesion's location. The 
instruments used for thoracoscopic surgery are comparable to 
the laparoscopic instruments. Insufflation of the chest is often 
unnecessary and unwanted because of the increased pressure 
on the lungs, major vessels, and heart. The trocars are of flexible 
material and allow maximum maneuverability. Figure 19. A thoracoscopy in a dog shows the 

cranial chest cavity.

Additional unique endoscopic staplers are used for intricate procedures such as a lung lobectomy. Thoracoscopy can be 
used for multiple procedures such as thoracic exploration, biopsy, pericardectomy, thoracolumbar disc fenestration, and 
lobectomy. In these types of surgery, thoracoscopy in a video-assisted manner is mainly used to evaluate if metastatic 
disease is present on the other side of the chest. Closure of the entry ports is routine (Figure 19).

13.6 Surgery for Specific Chest Diseases

13.6.1 Lung Diseases

Animals with lung disease often present with signs typical of lower respiratory disease like respiratory distress, dyspnea 
without stridor, restrictive breathing pattern, coughing, and exercise intolerance. Some patients have nasal discharge. 
Complaints can be less striking in cats; coughing is usually not very prominent, more subtle signs like depression, 
anorexia, and weight loss can be the only complaints.

Physical examination findings in patients with lung disease typically include tachypnea or increased respiratory effort. 
Mucosal membranes may be cyanotic with severe illness but are usually pink. Nasal discharge can be observed in some 
cases. Fever is an inconsistent sign. Lung sounds are typically increased in pulmonary disease, with increased breathing 
noises and crackles audible over all or part of the lungs. Percussion of the thoracic cavity is usually normal. Still, it 
could lead to coughing, and in some cases, dull areas can be found, for instance, with lung atelectasis, neoplasia, or 
abscess formation. Diagnostic imaging, as discussed before, will localize the problem and the extent of it. Computed 
tomographic imaging of the thorax has mostly replaced conventional radiographic evaluation of the chest. It provides a 
far more detailed assessment of the abnormality, the best route of access, and whether or not surgery is feasible or not. 
It is also far superior in demonstrating metastatic disease in the rest of the lungs and lymph nodes. 

Partial lung lobectomy is used to obtain a biopsy or to excise localized marginal lesions of the distal two-thirds of the 
lung, such as small cysts, bullae, or small tumors. Partial lung lobectomy may be performed by freehand suturing or with 
a stapling device (Figure 20). To perform a partial lobectomy by hand, the lung is clamped with non-crushing vascular 
or intestinal clamps proximal to the isolated lesion. The lung is excised distal to the clamps. A continuous horizontal 
mattress pattern of 4-0 monofilament suture is placed proximal to the clamps. Delicate swaged-on taper-point needles 
should be used. The ends of the suture are tied and kept long to facilitate manipulation of the lung. The clamps are 
removed, and the lung incision is oversewn in a simple continuous pattern. The incision is then checked for air leaks by 
submerging the lung in saline during positive-pressure ventilation of 20-30 cm of H

2O. 
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Additional sutures may be placed as necessary. The advantages 
of stapling equipment for partial lobectomy are shortened 
surgical and anesthetic time, decreased blood loss, and 
reduced incidence of bronchopleural fistulas after lung lobe 
resection. The most useful device for pulmonary procedures 
is the thoracoabdominal (TA) stapler. This instrument places 
two staggered rows of stainless-steel staples that form a B 
shape when compressed. The stapler is placed across the lung 
and is clamped proximal to the lesion. The stapling device is 
fired, and the lung is transected utilizing the edge of the TA 
stapling device as a cutting edge. After removing the stapling 
instrument, the lung is checked for air leaks (Figure 20).

Figure 20. Partial lung lobectomy is performed 
with a stapling device.

Excision of an entire lung lobe (complete lung lobectomy) is indicated for severe trauma, neoplasia, lung lobe torsion, 
large abscesses, or refractory infections. Lung lobectomy should follow the anatomic distribution of the bronchi. The left 
cranial and caudal lung lobes may be removed individually. The cranial, middle, and right caudal lobes may be removed 
separately because they each have separate bronchi. The accessory lung lobe usually is removed with the left caudal lung 
lobe. The affected lung lobes should be manipulated gently to minimize embolization of neoplastic cells or extrusion 
of purulent material into adjacent airways. Dogs and cats can survive the removal of up to 50% of lung lobe mass. 
Reduction of more than 75% of the lung is invariably fatal. Because the right lung constitutes more than 50% of the 
lung capacity, removing the entire right lung is contraindicated. Excision of the whole left lung is tolerated in the dog, 
assuming the right lung is normal. Complete lobectomy is best performed through a lateral thoracotomy (see intercostal 
thoracotomy).

13.6.2 Pleural and Mediastinal Tumors

The most common tumor types are thymoma and mesothelioma. Thymomas occur in dogs and cats but are relatively 
uncommon. An important differential diagnosis is malignant lymphoma. Mesotheliomas are rare tumors and can occur 
anywhere in the chest cavity but mostly affect the entire pleural space. Respiratory distress, regurgitation, and edema 
of the head and neck area have been described as clinical signs for thymoma; however, the diagnosis is also often made 
by routine thoracic radiographs. A megaesophagus can cause regurgitation as a part of the myasthenia gravis syndrome. 
Labored breathing caused by pleural effusion is the most common sign of mesothelioma.

A cranially located mediastinal mass is observed on thoracic 
radiographs, and the diagnosis can be confirmed by an 
ultrasound-guided fine needle aspirate or histologic biopsy. 
Thoracic radiographs and thoracocentesis confirm the 
diagnosis of mesothelioma. Malignant mesothelial cells are 
often difficult to differentiate from reactive cells, however. 
Histologic examination of a biopsy specimen obtained by 
thoracoscopy or thoracotomy will allow a definite diagnosis. 

Computed tomographic imaging is highly recommended 
before removing thymomas. Noninvasive thymomas can 
usually be removed, and the prognosis following surgery is 
good to excellent. However, invasive thymomas are rarely 
cured because of the close approximation of the tumor to vital 
structures (Figure 21). The prognosis for mesothelioma is 
poor; no successful therapies have been described.

Figure 21. A thymoma in a 12-year-old cat.
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13.6.3 Chest Wall Tumors

The most common tumors of the thoracic wall are the tumors 
arising from the rib cage. Osteosarcoma and chondrosarcoma 
are frequently described, although tumors from other tissue 
types can cause similar signs. Of these, fibrosarcoma and mast 
cell tumors should be included in the differential diagnosis 
list. Chest wall tumors are often presented as acute or 
chronic visible swelling at the affected site. The owner often 
backdates the swelling to a minor traumatic incident, and pain 
can be elicited upon palpation. The presumptive diagnosis is 
easily obtained by fine-needle aspiration biopsy and regional 
radiography.  Radiographic changes of the bony chest wall may 
include a mixed pattern of osteolysis and bony proliferation, 
and either change can predominate. The definite diagnosis 
is obtained by bone biopsy and histologic examination. The 
biopsy can be performed using a Jamshidi biopsy needle or 
Michele bone trephine.

Additional diagnostics may include scintigraphy, CT, or MRI. 
Scintigraphy will not differentiate benign (non-tumorous) from 
malignant lesions and should be followed by radiography of 
regions with increased uptake. CT- and MRI-scans can be used 
to estimate the extent of bony and surrounding soft tissue 
involvement and are essential tools to assess the possibility of 
complete surgical excision.

Tumors of the chest wall should be excised with 2-3 cm 
margins. This often leads to an en bloc resection of the 
thoracic wall and one or two regular ribs. Reconstruction of 
the thoracic wall is necessary after en bloc resection. Large 
portions of the chest wall can be removed as long as an air-
tight cover can be reconstructed. The skin covering the tumor 
is incised and retracted. If possible, muscles that cover the 
tumor and are not invaded (determined by CT/MRI imaging) 
are spared for later closure methods. An entrance to the chest 
is obtained through a non-affected rib space, and the tumor 
extension is checked by digital palpation or thoracoscopic 
techniques. The incision is lengthened to remove the tumor 
with 2-3 cm margins proximally and distally. An identical 
procedure is performed in the rib space on the opposite side 
of the tumor. The ribs are cut proximal and distal to the chest 
tumor using a rib cutter. The arteries and veins running on the 
rib's caudal side are coagulated or sutured with 3-0 absorbable 
suture material. After adhesions to the tumor are dissected, 
the tumor is removed, and the thoracic cavity is thoroughly 
inspected for abnormalities (Figure 22a-c). 

Figure 22 a-c. a. A large chest wall tumor in an 
8-year-old dog. b. A rib cutter is used to cut the 
ribs during removal of the chest wall tumor. c. 
The tumor is removed, notice the extension into 
the thoracic cavity, which is often bigger than 
the mass you see on the outside of the chest.

a

b

c
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Closure of the chest wall is performed after installing a closed 
suction chest tube. Foreign materials, like mesh or muscle, 
can be used to close the defect. Materials that can be used 
to reconstruct the chest wall include polypropylene mesh, 
SIS, diaphragmatic advancement flaps, or muscle rotation 
flaps such as the myocutaneous latissimus dorsi flap. The use 
of allografts, surgical stents, and/or plastic plates is rarely 
necessary (Figure 23). An air-tight seal is obtained using 
muscle layers or omentum. The subcutis and skin are closed 
routinely. A thoracostomy tube is used to evacuate air and fluid 
from the chest for 24 hours postoperatively.

Figure 23. A polypropylene mesh is used to close 
the defect after removal of the chest wall tumor.

13.6.4 Chest Wall Trauma

Thoracic wall injury may be caused by blunt trauma such as road traffic accidents or falls from a height, or sharp trauma 
such as impalement injuries or, most commonly, bite wounds from a larger dog. Blunt trauma may result in rib fracture, 
pneumothorax, hemothorax, pulmonary contusions, and diaphragmatic rupture. A flail chest may occur if multiple 
rib fractures are present, causing a chest wall segment to be drawn in during inspiration. Stabilization of a flail chest 
segment can be achieved with external splints and circumcostal sutures or reconstructed during more invasive surgical 
approaches. 

Bite wounds produce a combination of deep penetrating injuries with inoculation of bacteria and deep tissue trauma. 
These patients, therefore, are generally acute surgical patients as thorough investigation of the wounds, debridement, 
repair, and drainage are necessary. Surgical exploration is performed by extending the skin wound at the injury site in 
a dorsal and ventral direction. Generally, more extensive injury with the undermining of the subcutaneous space and 
damage to the underlying muscle will be identified. Muscle incisions are performed to allow complete visualization of the 
penetration route until the thoracic cavity is opened. Further damage to the intrathoracic structures can be identified 
and repaired (sometimes requiring a partial or complete lung lobectomy). Samples must be obtained for bacteriological 
culture before the wound's closure, and a thoracostomy tube and wound drain should be placed.

13.6.5 Diaphragmatic Hernia

The diaphragm arises dorsally from the first few lumbar vertebrae through the left and right crus (formed by the paired 
lumbar muscles). It attaches to the ribs' medial surface, close to the sternum and costal arch—the cranial border projects 
to the 6th-7th rib. The center of the diaphragm is tendinous, and the borders are muscular. Three separate muscles can 
be identified: the costal, sternal, and lumbar parts. The aorta and esophagus pass the diaphragm's upper part through 
the aortic and esophageal hiatus, respectively; the caudal caval vein passes somewhat on the right side at approximately 
two-thirds of the height of the diaphragm through the caval foramen in the central tendinous section. The complete 
diaphragm lies within the rib cage.

A diaphragmatic hernia occurs when the diaphragm's continuity is disrupted such that abdominal organs can migrate 
into the thoracic cavity. A diaphragmatic hernia may be congenital but most commonly occurs secondary to trauma. 
Location and size of the tear(s) depend(s) on the animal's position at the time of impact and the location of the viscera. 
Tears can be classified as either radial or circumferential. Traumatic diaphragmatic hernias are often associated with 
significant respiratory embarrassment, which is the reason why repair of the hernia should be delayed until the animal is 
stable and able to withstand the anesthesia.
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Sometimes, it is necessary to enlarge the diaphragmatic defect 
before an attempt is made to transfer the entrapped organs. 
If the stomach is in the thoracic cavity, decompression via 
a stomach tube through the esophagus is strongly advised. 
In chronic cases, gentle dissection of adhesions is often 
necessary, and the edges of the diaphragmatic defect should 
be debrided before closure. The diaphragmatic defect can be 
closed with a simple continuous suture pattern or pre-placed 
simple interrupted sutures (Figure 24). After closure, the air is 
removed from the pleural cavity. If a continued pneumothorax 
is likely, or in case of pleural effusion, a chest tube is placed. 
The abdomen is then closed routinely. Figure 24. Partial repair of a diaphragmatic 

hernia in a cat.

The healing process of the edges of the diaphragmatic tear will have started, and securing a better hold of the sutures. 
The liver is the most commonly herniated abdominal organ, but other organs, including the GI tract, spleen, pancreas, 
and sometimes the stomach, may also be dislocated to the chest. In more chronic cases, a diaphragmatic hernia can be 
associated with hydrothorax because of venous occlusion. If the stomach is herniated, the patient should be treated as 
an emergency because the stomach's distension can lead to significant respiratory impairment necessitating emergency 
surgery.

For uncomplicated traumatic diaphragmatic hernia, the ventral midline abdominal approach is recommended. The 
patient is positioned in dorsal recumbency. Close monitoring is essential as respiratory impairment can quickly worsen 
during this phase. The entire ventral abdomen and caudal one half to two-thirds of the thoracic cavity are surgically 
prepared and draped. A ventral midline abdominal incision from the xiphoid process to 5-7 cm caudal to the umbilicus 
is made. The entire abdomen is checked for additional trauma of the abdominal viscera and vessels. If more exposure is 
needed, the incision can be extended through the sternum. The abdominal viscera are carefully repositioned from the 
chest into the abdomen.

13.6.6 Pericardectomy

Pericardial effusion may result in cardiac tamponade, a potentially life-threatening situation. Tamponade is the 
uncontrolled increase in intrapericardiac pressure, which causes decreased cardiac filling and output. This results in 
right heart failure signs because the thinner right ventricle is more susceptible to external pressure. The severity of 
tamponade depends on the rate of pericardial fluid formation, the volume accumulated, and the pericardium's ability to 
stretch. The pericardium can contain large volumes if the effusion develops gradually, but small volumes cause severe 
clinical signs in acute cases. Effusion can be idiopathic or caused by primary or secondary tumors.

Clinical signs associated with acute pericardial effusion and tamponade include lethargy, dyspnea, anorexia, collapse, 
abdominal distension, sudden death, exercise intolerance, and coughing. Most effusions develop gradually and cause 
signs of chronic cardiac compression: weight loss, muffled heart sounds, jugular pulse, ascites, dyspnea, tachycardia, 
splenomegaly, and hepatomegaly. 
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Thoracic radiographs, electrocardiography, and ultrasonography can 
confirm the diagnosis. Pericardiocentesis under ultrasonographic and 
electrocardiographic guidance can be performed for both diagnostic 
and therapeutic purposes. An over-the-needle catheter is inserted 
in the right fourth to sixth intercostal space near the costochondral 
junction.  The right side is preferred to prevent laceration of the 
coronary artery. After the pericardium is punctured, the catheter 
is advanced, the needle is removed, and all fluid is evacuated. The 
pericardial fluid should be submitted for biochemical and cytologic 
examination (Figure 25). 

Sub-total pericardiectomy can be curative in some cases of recurrent 
idiopathic pericardial effusion and infective pericarditis. It may be 
palliative in the treatment of slow-growing intrapericardial neoplasia 
(chemodectoma). A sub-total pericardiectomy may be performed 
through a 5th right lateral intercostal, a left 5th intercostal, or a 
midline sternal approach depending on the pathology suspected 
and surgeon preference. Also, thoracoscopic pericardial windows 
may provide good palliation for animals known to have neoplastic 
pericardial effusions.

Figure 25. An idiopathic pericardial effusion 
after a stab incision into the pericard.

The pericardium is incised with a careful stab incision, stay sutures are placed, and the sac is emptied of fluid. The phrenic 
nerves are identified and can be gently elevated from the pericardium if possible. The pericardium is subsequently removed 
as close to the heart base as is safe. Some animals with idiopathic and infective effusion will have markedly thickened 
pericardium with neovascularization. Electrocautery is often needed to limit the bleeding from the incised pericardial 
surface. The closure is routine, but thoracostomy tubes frequently need to be maintained for extended periods to manage 
excessive effusion. 

As a palliative procedure, pericardiectomy is an excellent alternative to euthanasia or repeated pericardiocentesis for dogs 
with chronic pericardial effusion and has allowed comfortable survival for years in some cases.

13.7 Postoperative Care of the Chest Patient

Postoperative care is as critical as the surgery itself. Respiratory support (nasal oxygen tube or placement of the animal 
in an oxygen cage) is essential in these cases. Care should be taken to avoid hypothermia and to treat shock in emergency 
patients. Heating pads, a temperature-controlled environment, and fluid support will be necessary. Analgesia is of extreme 
importance in any thoracic case. Excessive pain prevents chest wall movements and will impair respiratory function.

The discomfort after thoracoscopy is significantly less than after thoracotomy in people and dogs. However, the use of 
proper pain management is still indicated. Antibiotics are indicated in selected cases.
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14.1 Introduction 

Ophthalmology has been accepted as a definite specialty within veterinary medicine for years, because of the eye’s unique 
anatomy, physiology, methods for diagnostic work-up and therapeutic modalities, including (microscopic) surgery. It 
is becoming increasingly recognized nowadays by many people that the same reason for marking out specialization in 
ophthalmology applies for ear-, nose, throat and tracheobronchial diseases (ENT) as well, since many of the diseases 
of these organs share a common etiopathogenesis, have similar regulatory mechanisms and correct treatment of them 
requires a high level of specific anatomical and physiological knowledge combined with specialist surgical skills, as for 
ophthalmology.

Although many diseases of the ears, nose, throat and tracheobronchial tree will require specialized treatment, some 
common disorders of the external ear and to a lesser degree of the middle ear, the nose and the throat can be managed 
successfully in private practice with a proper understanding of basic anatomy and physiology. This chapter therefore does 
not intend to discuss the management of all of the diseases encountered in ENT medicine and surgery but highlight the 
basic principles of surgery for diseases of the external ear. In addition, the most common surgical procedures performed in 
practice of the nose and throat are shortly discussed as well. Many aspects of “general” soft tissue or orthopedic surgery, 
for instance concerning preparation of patient and surgeon, delicate tissue handling, and basic surgical techniques are also 
applicable to otorhinolaryngologic surgery. Special emphasis will be paid in this chapter, however, to aspects that make 
otorhinolaryngologic surgery different. 

The essential surgical anatomy of the external and middle ear is discussed first, followed by a detailed description of pre-
operative work-up, operating room set up including anesthesia and peri-operative medications, position of the patient and 
surgeon, preparation of the operative site and specific instruments. The second part of this chapter describes the surgical 
techniques for ear lacerations, othematoma correction, inflammatory polyp removal, and total ear canal ablation with 
lateral bulla osteotomy. The chapter ends with a description of common upper airway procedures such as amputation of 
the nasal planum and, as part of the surgical treatment of brachycephalic obstructive syndrome, resection of stenotic 
nares and resection of the soft palate. Finally, temporary tracheotomy will be discussed; a salvage procedure that each and 
every veterinary practitioner needs to master.

14.2 Ear Surgery and Surgical Anatomy of the Ear

The ear consists of three parts, the external ear (pinna or auricle and external ear canal), the middle ear, and the inner ear 
(cochlea and vestibulum, Figure 1a). In dogs, the auricle can easily be moved towards the origin of a sound and gathers the 
sound energy and focuses it on the eardrum. The outer ear canal and the middle ear conduct sound to the cochlea, acting 
as a mechanical transmission system, converting sound (air pressure waves) into fluid waves in the inner ear. The hair cells 
of the organ of Corti, responsible for the sensory transduction, interact here with their supporting elements, resulting in 
the bending of the hair bundles. The release of neurotransmitter from the basal portions of stimulated hair cells leads to 
neural impulses, or action potentials. Once generated in the cochlea, the electric signal travels along the acoustic nerve to 
the cochlear nuclei and via multiple other nuclei and synapses to the primary auditory cortex.

The external ear varies in size and shape among dog and cat breeds with the auricular cartilage determining the 
appearance of the external ear (see Figure 1a). A number of ridges can be identified on the concave aspect of the pinna 
which form important landmarks for ear surgery; the tragus, antihelix, pretragic and intertragic incisure. The vertical 
ear canal and the distal part of the horizontal canal are contained within the rolled plate of this auricular cartilage. The 
annular cartilage is interposed between the proximal end of the auricular cartilage and the distal end of the external 
acoustic meatus and forms most part of the horizontal ear canal.

14 - BASIC EAR, NOSE, AND THROAT SURGERY 
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Most of the middle ear is made up by 
the tympanic cavity, and the three 
small ossicles, the malleus, the incus 
and the stapes. The tympanic cavity 
is air filled and lined with respiratory 
epithelium. The tympanic membrane, 
which terminates the ear canal, 
is the most lateral border of the 
tympanic cavity and the Eustachian 
tube connects the middle ear cavity 
to the pharynx on the dorsomedial 
side. Sympathetic nerves form a 
plexus on the promontory in cats 
and are often traumatized during 
middle ear surgery. The facial nerve 
travels through the incomplete facial 
canal before exiting the stylomastoid 
foramen and is therefore exposed to 
the middle ear cavity as well. 
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The ear canal is covered by skin that secretes cerumen and has hairs on its surface and terminates at the tympanic 
membrane, that separates the external ear from the middle ear cavity. Deep to the parotic salivary gland which overlies 
the lateral and proximal portions of the vertical ear canal are the facial nerve, the internal maxillary vein and branches of 
the external carotid artery. The facial nerve exits the stylomastoid foramen caudal to the ear and courses ventral to the 
horizontal canal close to the middle ear, where it is vulnerable for trauma during ear canal and middle ear surgery (see 
Figure 1b).

Figure 1. Anatomy of the ear. a. The ear consists of three parts, the external 
ear, the middle ear, and the inner ear. The auricle and ear canal are formed by 
the auricular and annular cartilages and covered by skin. b. The facial nerve 
exits the stylomastoid foramen caudal to the ear and courses ventral to the 
horizontal canal close to the middle ear.

14.3 Pre-Operative Work-Up of Patients with Ear Disease

14.3.1 Diagnosis of Ear Diseases

Causes of otitis externa, the most common disorder of the outer ear in dogs and cats, are numerous; therefore, a thorough 
and complete clinical examination is mandatory for correct diagnosis and therapy. It should include a general physical, 
dermatologic, neurologic (cranial nerves) and otoscopic examination with either a handheld otoscope or using video-
otoscopy. For complete visualization of the tympanic membrane and prior to therapy, ear flushing is necessary. Before 
flushing, however, material should be obtained from the horizontal part of the ear canal for cytologic examination, culture 
and susceptibility testing. After flushing, masses can easily be identified, and samples can be taken for histology. 

a b
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In most animals a complete otoscopy with flushing is possible with simple restraining techniques, however, anesthesia 
is required for delicate procedures in the canal such as biopsy or removal of foreign bodies and ventilation tube 
placement, as well as for animals that are painful, aggressive or unrestrainable. Additional examination, like diagnostic 
imaging (radiography, CT-scan, MRI), is usually not necessary for outer ear diseases except in case of neoplasia. Otitis 
externa can usually be dealt with medically (using ear ointments), surgery is reserved for those cases in which proper 
medical treatment has failed (usually end-stage proliferative otitis externa or chronic ulcerative otitis externa with a 
Pseudomonas spp. superinfection) and ear canal neoplasia. 

The diagnosis of middle- and inner ear disease is based on a thorough history and physical, neurologic, and otoscopic 
examinations as well. Increased opacity and hyperemia of the tympanic membrane may be present with otitis media. A 
paracentesis with a paracentesis needle (See Figure 2c) can be performed in dogs with an intact tympanic membrane to 
obtain samples for culture and susceptibility testing and cytologic examination to diagnose infection, cholesteatoma or 
tumor. Diagnostic imaging should precede paracentesis when possible though. 

Radiographs of the bullae may be useful although they are not very sensitive for diagnosing otitis media. Ventrodorsal, 
lateral oblique and open-mouth views are the most helpful views, but anesthesia is necessary for proper positioning. 
Abnormalities of the bulla include increased opacity, sclerosis and lysis. Fluid cannot be differentiated from tissue (polyp, 
neoplasia), however, and absence of radiographic changes does not rule out otitis media. Advanced imaging with CT and 
MRI is necessary in these cases for proper evaluation of the middle ear (and inner ear to some extent). CT is considered 
superior to MRI for bony changes, whereas MRI is better for detection of soft tissue abnormalities.
 

14.3.2 Indications for Surgery

After a proper diagnostic work-up it can be decided either to treat the patient with topical and/or systemic medications 
or to proceed with surgery. Indications for surgery are acute bleeding lacerations of the pinna, othematoma, 
inflammatory polyps and chronic proliferative or unresponsive otitis externa, chronic otitis media or ear canal neoplasia 
(total ear canal ablation). The owners should be properly informed prior to surgery about the benefit of surgery, the 
costs, the alternatives and the risks and complications of both the surgery itself as well as the anesthesia. Patients 
should be referred to specialists when there is doubt about whether or not an indication for surgery exists or in case 
of unfamiliarity with the surgical anatomy and physiology of the region or the appropriate and necessary operative 
techniques.

14.3.3 Anesthesia, Peri-Operative Medication

The choice of anesthesia depends on several factors such as the patient’s age, personality, general health and condition, 
underlying diseases and the type of surgery planned. With minimal invasive procedures, like small bleeding lacerations of 
the pinna, local anesthesia or sedation may be used. General anesthesia is indicated in all cases of invasive ear surgery in 
dogs and cats. 

Systemic, broad-spectrum antibiotics are used intravenously pre-operatively or during induction of anesthesia with all 
otologic surgeries, for strict asepsis is impossible to achieve in the ear canal. Since most lacerations of the pinna are due 
to trauma, and wound infection is very likely, antibiotics are indicated for surgery of the pinna as well. Ideally, the choice 
of antibiotic should be determined by bacterial culture and susceptibility testing, but amoxicillin with clavulonic acid can 
be used as a first-choice antibiotic for all procedures with the exception of total ear canal ablation for ulcerative otitis 
externa with resistant Pseudomonas spp. In this case, the combination of enrofloxacin and amoxicillin with clavulonic 
acid is advised. Postoperatively, oral antibiotics are prescribed for 5-7 days in case of auricle lacerations, for 10 days after 
othematoma correction and uncomplicated total ear canal ablation and for 14-28 days in case of outer ear infection with 
Pseudomonas spp. or middle ear infections.
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Systemic analgesics are advised after all ear surgeries, for all procedures with the exception of pinnal lacerations can 
be considered to be very painful. In most cases it is advisable to provide analgesia with both opioid analgesics and non-
steroidal anti-inflammatory drugs, for at least the first 72 hours after surgery. An additional 3-7 days of NSAID’s can be 
prescribed after total ear canal ablation or bulla osteotomy. The use of topical analgesics is not recommended because 
it has no proven increased efficacy over systemic analgesics and could predispose for wound infection and ototoxicity. 
Specific nerve blocks of the great auricular and auriculotemporal nerves have been shown to be reliable, effective and 
without aforementioned complications. 

14.4 Operating Room Setup for Ear Surgery

14.4.1 Position of the Patient and Surgeon

For all procedures mentioned, the patient is placed in lateral recumbency on the contralateral side of the ear problem. 
The patient’s head and neck are slightly elevated from the table with inflatable mattresses to reduce interference of the 
surgeon’s arms and hands with the shoulder region and front legs of the patient. The front legs are either completely 
stretched forwards under the head or backwards under the thoracic cavity, to allow the surgeon maximal access to the ear 
when positioned on the ventral side of the patient. The patient’s head is additionally rotated ventrally for 30 degrees to 
allow for better vision of, and access to the horizontal ear canal. 

14.4.2 Preparation of the Operative Site 

The operative site is prepared by shaving the patient’s hair away from all areas of the auricle that have to be manipulated 
during surgery (othematoma and ear laceration), cranioventral from the tragus and around the ear base (palpable vertical 
ear canal) in case of ear polyp removal or with wide margins around and including the auricle on the concave and convex 
side for total ear canal ablation (from dorsal midline to ventral midline, rostrally until the lateral commissure of the eye 
and caudally until halfway the neck). The operative area is then sterilized as described in Chapter 2. The use of antiseptics 
and disinfectants should be limited, however, to the area outside the outer ear canal to prevent leakage of these ototoxic 
chemicals into the ear canal and possibly the middle ear cavity. Placing a temporary gauze inside the ear canal while 
preparing the operative site and covering this area with gauzes moistened with disinfectant after initial preparation, rather 
than spraying it on the surgical area are two useful measures that will help in preventing ototoxicity. 

14.4.3 Instruments

With the abundance of high-quality surgical instruments on 
the veterinary market nowadays from many manufacturers, 
an instrument for virtually every application is available. The 
economics of the veterinary practice are usually the limiting 
factor though, making selection of the proper instruments 
a necessity. Actually, most surgery is done with a few simple 
instruments, some otologic operations however require special 
instruments. In addition to a basic surgical set (see Chapter 3) 
the following instruments (assembled in specific sets for specific 
procedures) are highly recommended.

Figure 2a. From left to right: Mayo-Noble dissecting 
scissors, two types of Toennis-Adson dissecting 
scissors and Stevens blunt dissecting scissors.

a
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Spreull Set 
(Othematoma correction, total ear canal ablation with LBO)

• Mayo-Noble dissecting scissors (see Figure 2a)
• Nerve dissecting scissors
• Delicate curved Kelly or Toennis-Adson dissecting  
 scissors (see Figure 2a)
• Adson-Brown and Adson tissue forceps
• Weitlaner, self-retaining retractor, blunt
• Adson Baby, self-retaining retractor, semi-sharp
• Mallet (hammer, see Figure 2e) 
• Osteotomes, 4 mm, 6 mm and 10 mm  
 (see Figure 2e)
• Williger raspatories (see Figure 2E)
• Frazier and Adson Suction cannulas, 2-5 mm  
 (see Figure 2b)
• Uterine curette (see Figure 2c)
• Wigro curette (see Figure 2c)
• Uterine scoop, 6.8 mm, 10 mm and 13 mm  
 (see Figure 2c)
• Kerrison, punches/rongeurs, (2 mm and 4 mm, 130°)  
 (see Figure 2d)
• Böhler, bone rongeur (see Figure 2d)
• Zaufal-Jansen, bone rongeur (see Figure 2d)
• Kirschner pin 2 mm 

Ear, Nose & Throat Small  
(auricle lacerations, inflammatory polyp removal)

• Adson or other delicate tissue forceps 
• DeBakey forceps
• Scalpel handle for microsurgery (for beaver blades)
• Halsey needle holder
• Toennis-Adson dissecting scissors (see Figure 2a)
• Baby-Metzenbaum dissecting scissors
• Stevens blunt dissecting scissors (see Figure 2a)

b

c

d

Figure 2b. Different types of Frazier and Adson 
suction cannulas.

Figure 2c. From left to right: Politzer paracentesis 
needle, Lucae cerumenhook, Buck ear curette, 
Wigro curette, Williger bone curette, Uterine 
scoop and Uterine curette.

Figure 2d. From left to right: Böhler bone rongeur, Zaufal-
Jansen bone rongeur, and 2 types of Kerrison punches.

Figure 2e. From left to right: 2 types of Williger 
raspatories, 3 types of osteotomes and a mallet.

e
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14.5 Specific Ear Diseases

14.5.1 Lacerations of the Auricle

Traumatic lacerations of the auricle are rather common, especially in cats and usually the result of bite or scratch 
incidents. Because of profuse blood loss, owners usually seek veterinary help in the acute situation and lacerations are 
therefore usually fresh. Suturing of the wound is preferred because it will stop acute bleeding, results in a rapid and 
predictable wound healing and provides a better cosmetic result than does healing by second intention. Because these 
wounds are usually contaminated or infected, the wound should be thoroughly clipped and cleaned before suturing. 
Full thickness injuries are closed after debridement when necessary and lavage, with fine interrupted sutures with 
absorbable atraumatic monofilament suture material (4-0 or 5-0). The skin on both sides of the defect is closed, 
avoiding the cartilage. The surgeon should start at the edge of the ear and proceed inwards on both the concave and the 
convex side. An Elizabethan collar is advised to protect the wound, with severe trauma an ear bandage is preferred. With 
severe trauma, abscess formation or necrosis, amputation of the auricle may be necessary. 

14.5.2 Othematoma (Aural Hematoma)

Aural hematoma results from bleeding within the cartilage layers of the auricle and is characterized by a fluctuating 
mass between the concave and convex sides of the auricle. The exact cause is unknown, but in most cases otitis externa 
is found as well. Surgical treatment is necessary in most cases because without treatment the auricle will shrivel, and 
subsequent ossification of the cartilage will cause continuous irritation. Surgery should be postponed until coagulation 
has taken place, usually within 3 days. The purpose of surgery is to remove the blood clot and to press the layers of the 
auricle together to eliminate dead space and recurrence of the hematoma. After surgical preparation of the entire auricle 
and draping of the patient, the hematoma is opened on the concave side on the most distal aspect of the hematoma 
with a stab incision through both skin and cartilage using a Bard-Parker scalpel handle with No. 11 blade until the 
sero-hemorrhagic fluid escapes and can be suctioned. The incision is enlarged in the shape of an S to avoid folding of 
the auricle during the healing process over the entire hematoma and blood clots and fibrin are removed. With gentle 
use of a curette, fibroangioblastic tissue is removed from the inner surface of the cartilage without causing additional 
bleeding (see Figure 3a). After irrigation of the cavity, interrupted mattress sutures are placed through all layers of the 
auricle with atraumatic monofilament absorbable suture material on a straight needle (2-0 monofilament absorbable 
material, such as Monocryl®), leaving the initial incision line open for continued drainage. The sutures are placed over 
the entire surface of the hematoma and should be at least 5-7 mm wide, to avoid excessive tension on the underlying 
tissue, and no more than 5-7 mm apart. The sutures are tied on the convex side, where the skin and subcutis are thicker 
and thus more resistant to the pressure of the knots. Systematic interruption of the blood vessels should be prevented 
by placing the sutures parallel to the incision line or in a crisscross manner (see Figure 3b). To prevent suture failure with 
this monofilament material, a surgical knot should be made with 1 or 2 additional throws. A protective and wound fluid 
absorbing bandage should be placed over the ear with the ear in a caudoventral position to promote wound drainage and 
prevent slipping of the bandage (see Figure 3c and 3d). Sutures should not be removed before 2 weeks after surgery. 
Treatment of concurrent otitis externa with ear ointments containing antibiotics and corticosteroids is delayed until the 
incision has closed to prevent delayed wound healing. The bandage is changed daily until wound fluid production has 
decreased, usually by 3-5 days postoperatively. After removal of the bandage, the use of an Elizabethan collar is advised 
to prevent automutilation until all sutures are removed.

14 - BASIC EAR, NOSE, AND THROAT SURGERY 
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14.5.3 Inflammatory Polyp

Nasopharyngeal polyps, also called otopharyngeal or inflammatory polyps, are benign pedunculated growths of uncertain 
origin but thought to arise as a result of chronic inflammation. Polyps have been associated with rhinitis and otitis 
resulting from various bacterial and viral agents, a congenital origin has been suggested as well. They may originate 
from the mucosal lining of the middle ear, auditory tube and nasopharynx, all of which are of similar histologic origin. 
Otopharyngeal polyps occur in cats of any age, although most animals are less than 2-years old. Polyps in the external or 
middle ear mimic signs of otitis externa, otitis media or otitis interna. 

Otoscopy after flushing may reveal a visible pink or grey smooth, spherical mass occluding the canal. Cytologic or 
histologic examination of biopsies will reveal the nature of the tissue when diagnosis is not straightforward. Some 
surgeons perform a ventral bulla osteotomy in all cases, but this is rarely indicated because recurrence is uncommon with 
simple traction-avulsion after an incision in the vertical ear canal or after perendoscopic traction-avulsion. 

After aseptic preparation of the surgical site, an incision is made in the skin in a dorsoventral direction over the palpable 
vertical part of the ear canal, starting just cranioventral to the tragus over approximately 2.5 cm. The subcutaneous 
tissue and parotid gland are dissected with small scissors to free the cartilage of the vertical ear canal to the level of 
the junction between the auricular and annular cartilages. A vertical stab incision is made from ventral to dorsal in the 
auricular cartilage just above this junction with a Bard Parker scalpel handle with blade no. 11 over 7-10 mm. Stay sutures 
are placed on both sides of the incision in the ear canal cartilage with fine monofilament suture material to increase 
visualization and avoiding damage to the cartilage. A small closed hemostatic forceps is then introduced into the ear 
canal, meticulously following the direction of the horizontal ear canal until the polyp is encountered (see Figure 4).

14 - BASIC EAR, NOSE, AND THROAT SURGERY 

Figure 3. Treatment of an 
aural hematoma. a. Incision 
and curettage of blood clots 
and fibrinous material. b. 
Positioning of mattress 
suture pattern. c. and d. 
Application of bandage.

a
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b
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These forceps are then opened and advanced deeper over the polyp 
until it can be grasped as close as possible to the osseous meatus. 
When a firm grip has been achieved, the forceps is gently rotated to 
make sure no other tissue than the polyp itself has been grasped and 
traction is applied until the polyp is removed. With complete removal 
of a classical middle ear inflammatory polyp, a small stalk at the base 
of the polyp can usually be identified. The middle ear cavity is flushed 
with warm saline and with a small curette the osseous meatus and 
most lateral aspect of the tympanic cavity is “palpated” to check for 
additional inflammatory tissue which is removed with this curette when 
encountered. The stay sutures are removed and the cartilage of the ear 
canal is closed with 4-0 monofilament suture material in an interrupted 
pattern, 3 or 4 knots are usually sufficient. The subcutis is closed in a 
continuous pattern with 4-0 absorbable monofilament material and the 
skin is closed in a subdermal suture pattern using the same material. A 
transient Horner’s syndrome, which usually resolves in a couple of weeks, 
can be seen in some cats after polyp removal. Postoperative protective 
collars are usually not necessary when fluids are removed from the 
ear canal after surgery before recovery of the patient. The tympanic 
membrane will regenerate in 3 to 4 weeks after surgery. No ototoxic 
medications should be used in the ear canal before confirmation of full 
closure of the tympanic membrane! 

14.5.4 Total Ear Canal Ablation (TECA)

Indications for TECA are chronic unresponsive or proliferative otitis 
externa or neoplasia of the ear canal. After surgical preparation of 
the entire auricle and wide surroundings and draping of the patient a 
V-shaped incision is made in the skin from the intertragic incisure to the 
palpable ventral limit of the vertical ear canal and from the tragohelicine 
incisure to the same ventral point. The triangular skin flap is lifted at 
this point with Adson forceps and is dissected free towards the tragus 
at the level of the dermis and retracted dorsally with Allis forceps. The 
cranial, lateral and caudal aspects of the distal vertical ear canal are 
exposed by blunt and sharp dissection of the subcutaneous tissue and 
muscles with scissors. This dissection should be performed carefully and 
as close to the cartilage as possible to prevent unnecessary hemorrhage, 
until strong Mayo-Noble dissecting scissors can be advanced from the 
cranial and caudal side of the vertical ear canal under the cartilage of 
the auricle on the medial side. The cartilage and the skin of the medial 
wall of the ear canal is then freed from the remaining auricular cartilage 
with these strong scissors in an inverted U-V-shape (see Figure 5a).

One leg starts from the cranial side of the exposed vertical ear canal 
towards a point just above all diseased tissue, usually close to the 
antihelix. The other leg starts from the caudal side of the vertical ear 
canal towards and ending in the same point. The vertical ear canal is 
now dissected in a circular fashion with delicate curved Kelly scissors 
to the level of the horizontal ear canal to free it from all muscular and 
fascial attachments (see Figure 5b).

Figure 4. Removal of an inflammatory 
polyp in a cat.

Figure 5. Total ear canal ablation. 
a. The cartilage and the skin of the 
medial wall of the ear canal is freed 
from the remaining auricular cartilage 
with Mayo scissors in an inverted 
U-V-shape. b. The vertical ear canal 
is dissected in a circular fashion with 
delicate curved Kelly scissors to the 
level of the horizontal ear canal to 
free it from all muscular and fascial 
attachments.

a

b
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To control hemorrhage electrocoagulation is mandatory. From this 
level on, appropriate care should be taken to avoid the facial nerve in 
this area, which can be achieved by using Kelly scissors and staying 
as close to the cartilage of the ear canal as possible. The dissection 
is continued with freeing the horizontal part of the ear canal from 
the surrounding tissues to the level of the external acoustic meatus, 
which can be identified by palpation during manipulation of the ear 
canal. The cartilaginous part is separated from the osseous part 
with scissors, in a caudal to cranial direction with protection of the 
facial nerve. The success of the procedure depends on complete 
removal of all of the skin with ceruminous glands lining the osseous 
external ear canal and can be accomplished with a small curette, 
Adson-Brown tissue forceps and Kelly scissors. Repeated flushing 
of the external acoustic meatus helps in proper visualization. 
The procedure is completed when after removal of the tympanic 
membrane, no secretory tissue is left, and only bone is visible. When 
this is performed correctly, no lateral bulla osteotomy is necessary 
in absence of chronic otitis media. With chronic otitis media and 
accumulation of inflammatory tissue or thick exudate in the middle 
ear cavity, a lateral bulla osteotomy is performed from this point on.

The tissues from the lateral aspect of the bulla are bluntly dissected 
as close to the bone as possible avoiding damage to the facial nerve 
and branches of the external carotid artery that travel just ventral 
to the bulla with small periosteal elevators or raspatories. The 
lateral and ventral aspect of the bulla can now be removed with 
Kerrison, Böhler and/or Zaufal-Jansen rongeurs until adequate 
visualization of the middle ear cavity is possible (see Figure 5c and 
5d). Samples can be obtained now for culture and susceptibility 
testing and for cytology or histopathology. A bone curette is used to 
gently remove any remaining epithelium or debris from within the 
bulla, taking care to preserve the auditory ossicles and cochlea on 
the dorsomedial side of the bulla. 

Figure 5. Lateral bulla osteotomy. c. The 
lateral and ventral aspect of the external 
bony meatus and the bulla can be removed 
with rongeurs until adequate visualization 
of the middle ear cavity is possible. d. A 
bone curette is used to gently remove any 
remaining debris and epithelium.

c

d

After curettage the tympanic cavity is copiously lavaged with warm saline and closure is as for total ear canal ablation. 
Closure starts with remodeling of the auricle. The caudal part of the pinna is folded forward towards the cranial part, 
using the most natural folding point at the base of the pinna as the point of rotation. These parts are then sutured 
together, starting at this folding point with monofilament absorbable suture material (2-0), leaving the ends of the 
sutures long to facilitate removal later on (see Figure 5e). A Penrose drain is then placed between the (remnants of) 
the external acoustic meatus and the skin, 1 cm ventral to the incision in those patients where significant wound fluid 
production is expected. The subcutaneous tissue is then closed with monofilament absorbable suture material (3-0) 
in 2 layers in a continuous fashion. The skin under the pinna is closed with nonabsorbable suture material (4-0) in 
an interrupted pattern or subdermally with monofilament absorbable suture material (4-0) in a continuous pattern 
(see Figure 5f). The drain is removed when drainage has decreased to small amounts of serous discharge, which is 
usually the case within 3-5 days after surgery. For the immediate postoperative recovery period an Elizabethan collar 
is recommended. Known complications of the procedure are facial nerve paralysis, wound infection and dehiscence and 
chronic fistula formation, all of which can be reduced to a minimum by using a meticulous dissecting technique, delicate 
tissue handling and judicial use of antibiotics and drainage.
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14.6 Nose and Throat Surgery

Animals with nasal, pharyngeal and/or laryngeal disease may show signs of mild to severe respiratory distress. Minimal 
restraint should be used in these animals during clinical examination and supplemental oxygen should be given if 
indicated. In some cases, a tracheostomy is indicated to bypass the upper airways in order to stabilize the patient, the 
technique is described below. All animals undergoing surgery of the upper airways should be intubated and properly 
cuffed prior to surgery to prevent blood aspiration. In addition, they should be monitored carefully from induction to 
complete recovery. 

The surgical treatment of rhinologic disease via rhinotomy and the management of epistaxis are some of the oldest 
and most common procedures performed by otorhinolaryngologists. Surgical treatment is only indicated after and 
based upon advanced diagnostic imaging (CT-scan) and endoscopic examination of the nasal cavity and paranasal 
sinuses. Rhinotomy is indicated for removal of nasal foreign bodies that cannot be removed using endoscopy, as part of 
a combination therapy (radiotherapy before or after surgery) for intranasal neoplasia and for the treatment of chronic 
infectious rhinitis associated with nasal obstruction (chronic rhinitis in cats). Most surgeons prefer a dorsal approach 
to the nasal cavity and paranasal sinuses, because of enhanced accessibility to the cribriform plate and frontal sinuses, 
but ventral rhinotomy may be indicated in selected patients with focal abnormalities in the ventral meatus and/or 
nasopharynx. Even with proper patient selection and thorough diagnostic work up and pre-operative evaluation of 
rhinologic patients, dorsal or ventral rhinotomy with unilateral or bilateral turbinectomy is a major surgical procedure 
with many possible minor and major complications. These patients are therefore best referred to specialist surgeons. 
However, the nasal plane is easily accessible, and surgery of this structure is usually relatively straightforward and 
uncomplicated. The most common procedures performed on the nasal plane in dogs and cats are amputation of the 
nasal plane and correction of stenotic nares in brachycephalic animals, both will be discussed below.

The throat is a conduit for both the respiratory and the digestive tract and comprises the pharynx and larynx. Surgery is 
most commonly indicated for trauma to the throat (including stick injury), for removal of tumors, and to increase airway 
diameter (in case of brachycephalic obstructive airway syndrome or laryngeal paralysis). The most important function 
of the pharynx is swallowing, a complex and complicated function that can be divided into four overlapping stages: oral 
preparatory, oral, pharyngeal and esophageal. The larynx is a complex cartilaginous organ that serves many functions 
but is primarily used to separate the respiratory tract from the digestive tract. The intrinsic and extrinsic muscles of the 
cricoid, thyroid and paired arytenoid cartilages and the epiglottis interact under the control of the neuromuscular system 
of the larynx to move the larynx in swallowing, to protect the lower airways (coughing), to facilitate and regulate the 
respiratory airflow and to vocalize.

Figure 5e. The caudal part of 
the pinna is folded forward 
towards the cranial part. These 
parts are then sutured together, 
starting at this folding point 
leaving the ends of the sutures 
long to facilitate removal. f. 
The subcutaneous tissue is 
closed in a continuous fashion. 
The skin under the pinna is 
closed in an interrupted pattern 
or subdermally. A Penrose drain 
allows sufficient drainage from 
the surgery site.

e f
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Therefore, the pharyngolaryngologic surgeon must be thoroughly aware of the potential effects on all of these functions 
when performing surgery on the pharynx or larynx. A perturbation of any one of these important tasks may have a 
marked impact on a patient. For these reasons, patients that require surgery of the throat are generally best referred 
to specialist surgeons. With proper anatomical knowledge, gentle tissue handling, use of appropriate instruments 
and technique, cautious use of anesthetics, and stringent peri-operative care and monitoring, successful correction of 
overlong soft palate may be possible in some veterinary practices and will be discussed below. 

14.6.1 Amputation of the Nasal Plane

In dogs, squamous cell carcinoma is the most common tumor type of the nasal plane. Other tumors in this site are 
lymphoma, fibrosarcoma, hemangioma, melanoma, mast cell tumor and fibroma. SCC’s are usually seen in adult or aged 
animals and are locally invasive but late to metastasize. They are however erosive and deeply infiltrative, making surgery 
quite challenging in most cases. The most common tumor of the nasal plane in cats is also squamous cell carcinoma 
(SCC). This tumor manifests itself as a progressive ulcerative and erosive inflammation of the nasal plane. Excessive 
sunlight exposure and lack of skin pigmentation are two major risk factors associated with development of SCC. SCC can 
develop in multiple sites, including the eyelids and pinnae if lacking pigment at the same time. Other tumors that can 
be commonly found in the cat are lymphoma, basal cell tumor, hemangiosarcoma and fibrosarcoma. Various methods 
have been described to treat cats with squamous cell carcinoma of the nasal planum including radiation therapy, 
hyperthermia, intratumoral administration of carboplatin, cryosurgery, conservative surgery and photodynamic therapy. 
With most of these treatment modalities tumor margins cannot be evaluated, special equipment is needed, and high 
rates or tumor recurrence are reported. Most of these techniques may work for early, small lesions or carcinoma-in-situ, 
but the most cost-effective, reliable treatment for selected patients with invasive SCC is nasal plane resection. 

With the animal positioned in sternal recumbency, the surgical area is carefully palpated to estimate tumor extension 
into adjacent tissue. The nasal planum is completely removed with a 360 degrees skin incision made with a scalpel blade 
number 11 (see Chapter 3). The incision is made so it transects the underlying turbinates. The cartilage of the nasal 
plane and the turbinates should be cut with an incision angled at about 45 degrees to the hard palate. Hemorrhage can 
be controlled by direct pressure. A purse-string suture of 2-0 or 3-0 absorbable or nonabsorbable suture material is 
placed through the skin around the incision to cover the exposed nasal conchae partly with skin. The new nasal orifice is 
closed to approximately 1 cm in diameter. Alternatively, depending on the exact tumor location and invasion, a dorsally 
based small flap of skin can be preserved before transection of the nasal planum (see Figure 6a). Placement of multiple 
small interrupted sutures between the skin and dorsal nasal cartilage dorsally, skin and turbinates laterally and skin 
and nasal floor ventrally will help establish a more cosmetic outcome (Figure 6b). Postoperative care consists of an 
Elizabethan collar, broad-spectrum antibiotics for 1 week and analgesia for 3 days. 

Figure 6. a. After creating a dorsally based skin flap, held with stay sutures to allow atraumatic manipulation 
of the flap, the nasal planum is amputated ‘in toto’ in a 45-degree angle with the hard palate. b. Interrupted 
sutures are placed to appose the skin to the exposed nasal structures with absorbable 4-0 suture material. 

a b
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14.6.2 Brachycephalic Obstructive Syndrome

Brachycephalic dogs like English and French Bulldogs, Pugs, Pekingese, Shih Tzus, Shar Peis, Boston Terriers and Persian 
and Himalayan cats frequently present with signs of upper airway obstruction as a result of an anatomical distortion 
of their faces caused by an exaggerated and incorrect breed selection. Their head shape, a severely compressed face, 
is the result of an inherited developmental defect of the bones of the base of the skull, which grow to a normal width, 
but reduced length without proportionate reduction of the soft tissues of the head (nose, oro- and naso-pharynx). The 
subsequent increased airway resistance in their hypoplastic airways results in an increased inspiratory effort (obstructive 
breathing pattern with stertor/stridor) and eventually leads to dyspnea, heat and exercise intolerance, and secondary 
gastrointestinal abnormalities (gagging, vomiting and regurgitation as a result of hiatal hernia, esophagitis, gastritis, 
and pyloric mucosal hyperplasia) as well. Dogs with these anatomical brachycephalic abnormalities and clinical 
signs of upper airway obstruction are suffering from “brachycephalic (obstructive) airway syndrome” or BOAS. The 
primary components of BOAS are increased nasal resistance as a result of stenotic nares (43% to 85%) and aberrant 
or protruding turbinates, pharyngeal hypoplasia (redundant pharyngeal folds) with elongated soft palate (86% to 
96%) and, especially in the English Bulldog, tracheal hypoplasia. Secondary components, resulting from the chronic 
increased negative intra-airway pressure, include everted tonsils, everted laryngeal saccules (55% to 59%) and laryngeal 
collapse (8% to 70%). Even though individual animals can sometimes be effectively managed with medication, surgery 
or a combination of these, efforts of the veterinary community should be directed at prevention of this condition that 
strongly affects the welfare of the aforementioned breeds. 

14.6.2.1. Correction of Stenotic Nares

Surgical correction of stenotic nares can be performed at 
a very early age (3-6 months), significantly reduces upper 
airway obstruction and decreases the rate of progression of 
other components of brachycephalic airway syndrome. Several 
techniques have been described for correction of stenotic nares, 
using either scalpel blades, laser, or electrosurgery. Patients are 
placed in sternal recumbency with the nose perpendicular to 
the table or slightly elevated. Adequate cosmetic and functional 
results of “Trader’s technique”, which involves amputation of the 
ventral portion of the dorsal lateral nasal cartilage and healing 
by second intention, have been reported in immature Shih Tzu 
dogs with stenotic nares. In mature dogs, a lateral, vertical, or 
horizontal wedge resection of the dorsal lateral cartilage can 
be performed. The author recommends a modified horizontal 
wedge resection. A deep wedge extending into the cartilage is 
resected following the outer curvature of the ala from its medial 
dorsal most aspect ventrally towards the lateral aspect and back 
over the body of the ala connecting the start and end of the 
incision (see Figure 7a). A beaver scalpel holder with a number 
6500-pointed blade (see Chapter 3 and Chapter 15) allows 
for accurate incision and determination of adequate depth. The 
initial suture is then placed from the middle of the remaining 
ventral part of the nostril to the more dorsolateral aspect of 
the nasal cartilage to adequately rotate the wing of the nostril 
laterally and create a maximal opening medially. Closure can be 
performed with 4-0 or 5-0 monofilament suture in a single layer 
using a simple interrupted suture pattern with absorbable suture 
material (Figure 7b). 

Figure 7. a. A deep wedge extending into 
the cartilage is resected following the outer 
curvature of the ala from its medial dorsal most 
aspect ventrally towards the lateral aspect and 
back over the body of the ala connecting the 
start and end of the incision removing a deep 
wedge up into the alar cartilage. b. The created 
defect is closed with three interrupted sutures. 
The initial suture is placed from the middle of 
the remaining ventral part of the nostril to the 
more dorsolateral aspect of the nasal cartilage 
to adequately rotate the wing of the nostril 
laterally and create a maximal opening medially. 
One additional suture is added on either side.

a

b
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14.6.2.2. Staphlectomy for Overlong Soft Palate

Corticosteroids (dexamethasone 0.05 to 0.1 mg/kg IV; prednisolone 
0.5 mg/kg IV) are administered during induction of anesthesia to 
minimize postoperative swelling in animals undergoing pharyngeal 
brachycephalic surgery. The dog is positioned in sternal recumbency 
for soft palate resection. A bar is placed over the front of the surgery 
table to which the upper jaw is suspended by placing gauze, tape or 
bandage material, around the maxillary canine teeth. The proposed 
lateral levels of palate resection, the caudal borders of the palatine 
tonsils when a minimal amount of rostral retraction is applied to the 
tongue, are tagged with two stay sutures (see Figure 8a). An Allis 
tissue forceps is placed in the caudal edge of the palate on the midline 
and used to retract the palate rostrally. The palate is then resected 
in an arch shape, making sure to remove more tissue medially then 
laterally. Resection is performed with scissors, a carbon dioxide laser, 
or an electrothermal feedback-controlled bipolar sealing device. 
The oropharyngeal and nasopharyngeal mucosa are then adapted 
using 3-0 or 4-0 monofilament rapidly absorbable suture material 
(Figure 8b). Serious complications of staphlectomy include death 
as a result of aspiration pneumonia, dyspnea and cyanosis requiring 
tracheostomy, or failure to recover from anesthesia. Less severe 
complications include coughing, noisy respiration, and gagging and 
retching. The prognosis of dogs after soft palate resection is good to 
excellent in 90% of cases, especially in dogs younger than 1 or 2 years 
of age.

Figure 8. a. The free edge of the overlong 
soft palate is grasped with Allis forceps 
after which stay sutures are placed laterally 
near the caudal part of the tonsillar fossa. 
b. After arch shape resection of the soft 
palate with scissors, interrupted sutures are 
placed to appose the oropharyngeal mucosa 
to the nasopharyngeal mucosa. 

a

b

14.6.3 Temporary Tracheostomy

A tracheostomy for temporary use is indicated in patients with obstruction of the upper airway in the nose, pharynx, 
larynx or cranial part of the trachea. It is also used as an alternative route for endotracheal intubation in laryngeal surgery 
and as an ancillary procedure to prevent postoperative dyspnea after extensive surgical procedures on the pharynx or 
larynx. Temporary tracheostomy includes the introduction of a tracheal cannula that will be left in place until the airways 
are patent. Silastic tracheal cannulas or stainless-steel cannulas with an inner cannula that can be removed and cleaned 
are preferred. Temporary tracheostomies require inhalation anesthesia in all patients, including emergency cases. 

The patient is placed in dorsal recumbency with a pillow under the neck. A transverse skin incision of approximately 
two centimeters is made over the trachea at the midpoint between the larynx and the thoracic inlet (see Figure 9a). 
The subcutaneous fat and the left and right sternothyroid and sternohyoid muscles are divided in the midline by blunt 
dissection (Figure 9b). Care should be taken not to damage the tracheal vessels, and recurrent laryngeal nerves, which 
lie immediately lateral to the trachea on both sides. A small self-retaining wound retractor is inserted into the wound to 
expose the trachea. The ligament between two adjacent rings is incised with a no. 11 scalpel. A small forceps is placed on 
one of the tracheal rings beside the incision. The forceps is locked tight to provide a firm hold on the tracheal ring. This is 
done to prevent the piece that will be removed from slipping into the trachea.
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The scalpel is then used to make a circular incision around the forceps (Figure 9c). A round piece of tracheal cartilage 
and intercartilage ligament is removed to produce an opening of the same size and shape as the tracheal tube or 
cannula. If the window is made too large, air may leak around the cannula and subcutaneous emphysema will form. The 
oropharyngeal endotracheal tube is removed and replaced by a silastic endotracheal cannula that is inserted through 
the tracheal window (Figure 9d). If the tracheostomy is performed prior to a more extensive procedure an endotracheal 
tube is used instead. It may be replaced by a cannula at the end of the procedure. The cannula is sutured to the skin with 
four sutures (Figure 9e). In addition, two cotton ribbons are attached to the wings of the tracheal cannula and then tied 
around the neck. The cannula is left in place until the upper airway is patent. Silastic cannulas have an inner cannula 
that should be cleaned every two hours (Figure 9f). After removing the cannula, the tracheostomy wound is not sutured, 
but left open to heal spontaneously. Healing is usually rapid because the incision was made parallel to the natural skin 
folds, which will result in good apposition of the wound margins.

Figure 9. a. A transverse skin incision is made over the trachea at the midpoint between the larynx and the 
thoracic inlet. b. Subcutis is dissected after which the muscles are bluntly separated. c. Weitlaner wound 
retractor is placed after which a stab incision is made between two tracheal rings. A stay suture is placed around 
one tracheal ring and the tracheal segment that will be removed is grasped with forceps. d. A segment of the 
trachea is removed using a scalpel blade. e. Outer cannula is fitted into the trachea and secured to the skin with 
4 skin sutures. f. Inner cannula is fitted which can be regularly replaced and cleaned. 

a b

c d

e f
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15.1 Introduction 

Surgery is an essential therapeutic modality for many ocular conditions, especially in companion animal ophthalmology. 
However, veterinary practitioners may feel insecure about performing ophthalmic surgery. The eye is conceived as a 
vulnerable and irreplaceable organ, which is relatively unforgiving to surgical failure. In addition, most ophthalmic 
surgical procedures involve a very small surgical area only and demand precise surgical skills: meticulous tissue 
dissection, calculated tissue resection and an exact wound apposition, resulting in a predictable scar of minimal size. A 
good visualization of the operative field with sufficient magnification and the use of appropriate surgical equipment and 
materials are imperative. But if these requirements are met, it is certainly possible to perform several extraocular surgical 
procedures in private veterinary practice.

The objective of this chapter is to summarize the basic principles of external ophthalmic surgery, thereby highlighting 
those aspects in which extraocular surgery differs from 'general' soft tissue surgery. After an overview of surgical 
ocular anatomy, the subjects are presented in, from a surgical procedure point of view, a chronological order: from the 
equipment and materials needed, via the positioning of the patient and surgeon, the preparation of the surgical site and 
the handling of the surgical instruments, to technical aspects of incision and excision, blunt dissection and suturing, and 
postoperative care.

15.2 Surgical Anatomy of the Eye

The detailed anatomy of the eye is covered in other textbooks. In this paragraph, the anatomy of the eye as related to 
extraocular surgery will be briefly discussed. 
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The globe lies within the protective orbit and is embedded in soft 
tissue structures, comprising the rectus, oblique and retractor bulbi 
muscles, orbital fat, various glands, numerous blood vessels and 
nerve fibers and, in incomplete bony orbits like those of carnivores, 
muscles of mastication. The soft tissues are compartmentalized by 
interconnecting and subdividing fibrous connective tissue septa. 

The anterior globe is protected by the eyelids. The eyelids are 
composed of skin, palpebral conjunctiva, and collagen, muscle, 
and glandular tissue (Figure 1), and they have a rich neurovascular 
supply. The palpebral fissure is surrounded by the circular orbicularis 
oculi muscle, which is innervated by the facial nerve and is involved 
in closing the eyelids (Figure 2). The medial and lateral palpebral 
ligament and the retractor anguli oculi lateralis muscle ensure that 
the fissure remains a horizontal slit during eyelid closure. The upper 
eyelid is opened by contraction of the levator palpebrae superioris 
muscle (innervated by the oculomotor nerve) and the levator anguli 
oculi medialis muscle (innervated by the facial nerve), whereas the 
lower eyelid is actively opened by the palpebral part of the sphincter 
colli profundus muscle (innervated by the facial nerve). Both eyelids 
are opened by contraction of smooth palpebral muscles or Müller's 
muscles (innervated by oculosympathetic nerve fibers). The fibrous 
tarsal layer, which is a thickened portion of the palpebral fibrous 
tissue adjacent to the lid margin, provides surface for muscle 
attachment (Figure 1). Branches of the trigeminal nerve supply 
sensory innervation of the eyelids.

Figure 1. Cross section through the 
canine eyelid. 1. eyelash; 2. glands of 
Zeis and Moll; 3. tarsal or meibomian 
gland; 4. palpebral conjunctiva, 
containing mucin producing goblet 
cells; 5. fornix; 6. bulbar conjunctiva; 
7. third eyelid gland; 8. orbicularis oculi 
muscle; 9. fibrous tarsal plate.
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The eyelid skin is generally covered with fine, short hairs, with 
the exception of a small hairless zone adjacent to the free lid 
margin, which is approximately 1 mm wide in the upper eyelid 
and 2 mm wide in the lower eyelid. Depending on the species, 
cilia or eyelashes are mainly situated on the lateral part of the 
upper eyelid, and usually come in 2 to 4 irregular rows. A tuft 
of long tactile hairs projects from the medial upper lid skin 
along the dorsomedial orbital rim.

The lid margins are smooth, shiny, and hairless (Figure 1). They 
are darkly pigmented, but usually do not contain any pigment if 
the surrounding lid skin is non-pigmented. The margins of the 
upper and lower eyelid together define the palpebral fissure. 
When extended by calipers, the average palpebral fissure 
length is 33 mm in most medium to large breeds of dog, and 
29 mm in cats. The tarsal or meibomian glands are modified 
sebaceous glands that produce the oily coating on the lid 
margins and the lipid component of the tear film. They open 
with approximately 20 to 40 orifices into a fine groove in the 
free lid margin, also called the grey line. However, the most 
lateral 2 to 3 mm of the eyelids do not contain meibomian 
glands. Just outside the grey line are the small orifices of the 
modified sweat glands of Zeis and Moll. The openings of the 
glands into the lid margin and the border of the hairless zone 
of the lid skin are important surgical landmarks used for re-
apposing the lid margin in lid surgery.

The ocular surface of the eyelids is lined with palpebral 
conjunctiva, a special mucous membrane which continues to 
cover both sides of the nictitating membrane or third eyelid 
(Figure 1). The palpebral conjunctiva reverses direction at the 
fornix and continues as the bulbar conjunctiva, which covers 
the anterior portion of the globe, with the exception of the 
cornea. Although the majority of the conjunctiva is loosely 
connected to the underlying tissues, it is securely attached 
to the tarsal plates, the lateral and medial canthus, the third 
eyelid margin and the limbus.

Within the palpebral conjunctiva of the upper and lower 
eyelid of most domestic animal species, near the medial 
canthus and just deep to the mucocutaneous junction, are the 
lacrimal puncta (Figure 3). These are the entry points to the 
lacrimal drainage system, consisting of the upper and lower 
lacrimal canaliculi, the lacrimal sac and the nasolacrimal duct. 
Depending on the species, the nasolacrimal duct usually has 
a single distal opening in the nasal vestibule, but in the dog, 
it may also have an accessory opening immediately above the 
root of the upper canine tooth.

Figure 2. Muscles and ligaments involved in 
opening and closing of the eyelids and in keeping 
the eyelid fissure a horizontal slit during eyelid 
closure. 1. orbicularis oculi muscle; 2. retractor 
anguli oculi lateralis muscle; 3. medial palpebral 
ligament; 4. palpebral part of the sphincter colli 
profundus muscle; 5. levator palpebrae superioris 
muscle; 6. levator anguli oculi medialis muscle.

Figure 3. Gross anatomy of the canine lacrimal 
drainage system. 1. lacrimal punctum; 2. lacrimal 
canaliculus; 3. lacrimal sac; 4. nasolacrimal 
duct, surrounded by bone; 5. nasolacrimal duct, 
surrounded by nasal mucous membrane; 6. 
accessory opening of the nasolacrimal duct above 
the root of the upper canine tooth; 7. opening of 
the nasolacrimal duct into the floor of the nasal 
vestibule.

The eyelids and conjunctiva have a rich arterial blood supply, which is mainly derived from the external carotid artery 
via the maxillary and external ophthalmic arteries. Venous blood leaves the orbit through the facial and maxillary veins. 
Lymphatic drainage occurs to the parotid and mandibular lymph nodes.
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15.3 Equipment and Materials for Ocular Adnexal Surgery

15.3.1 Operating Room

For ophthalmic surgery, the operating table should ideally be adjustable in both height and slope (for 'reverse 
Trendelenburg' position or head-up tilt). Since the surgeon is required to sit during ophthalmic surgery, a comfortable, 
height adjustable stool on castors is needed. Powerful, well-focused operating lights and sufficient (3-5x) magnification 
of the operative field, provided by for example a binocular head loupe, are essential for extraocular surgery.

15.3.2 Surgical Instruments

Instruments for extraocular surgery come in many different models, and the instruments used mainly reflect the 
surgeon's personal preference. They may be relatively sturdy, e.g., for enucleation of the globe or temporary tarsorrhaphy, 
or more delicate, e.g., for surgery of the eyelids and conjunctiva. They can be arranged accordingly, preferably separated 
by silicone mats, and stored into 'major' and 'minor' instrument boxes, while less often used instruments may be packed 
individually. This protects the delicate instruments from contact with the sturdier instruments, and additionally prevents 
unnecessary damage from repeated autoclaving of 'complete' but partially unused surgery packs.

A set for 'major' extraocular surgery, like enucleation of the globe, may for example contain:

• Small towel clamps (e.g., Jones or Schaedel)
• Blade handle: no. 3 fitting scalpel handle
• Scissors: straight and curved dissecting scissors with blunt tips (e.g., Baby-Metzenbaum), ligature scissors,   
 strongly curved enucleation scissors (e.g., Landolt), straight Stevens tenotomy scissors with short blades.
• Tissue forceps: straight, non-traumatic tissue forceps (medium size), straight tissue forceps with small teeth,   
 Allis tissue forceps, Von Graefe fixation forceps.
• Hemostatic forceps (e.g., Halsted-Mosquito)
• Needle holders: Mathieu or Mayo-Hegar;
• Probes: 15-18 cm, 1-1.5 mm diameter blunt probe (preferably with an eye for a Penrose drain)
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A set for eyelid and conjunctival surgery may contain 
(Figure 4):

• Small towel clamps (e.g., Jones or Schaedel);
• Blade handles: no. 3 fitting scalpel handle,  
 Beaver handle;
• Scissors: straight and/or curved, Stevens tenotomy  
 scissors with short blades and blunt tips;
• Tissue forceps: strong, modified Castroviejo   
 suture forceps with 1x2 teeth that are shortened  
 to approximately 0.3 mm, Von Graefe fixation   
 forceps;
• Needle holder: ophthalmic needle holder, e.g., Kalt,  
 Arruga or Castroviejo. Figure 4. Selection of instruments used for eyelid 

and conjunctival surgery. From left to right: small 
towel clamps (above) and straight, Stevens tenotomy 
scissors with short blades (below); no. 3 fitting scalpel 
handle; Beaver handle; modified Castroviejo suture 
forceps; Von Graefe fixation forceps (here with a lock); 
Kalt or Kalt-Castroviejo ophthalmic needle holder.
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A set for surgery of the lacrimal drainage system may contain 
(Figure 5):

• Tissue forceps: strong, modified Castroviejo   
 suture forceps with 1x2 teeth that are shortened to  
 approximately 0.3 mm, Von Graefe fixation forceps;
• Stevens tenotomy scissors with short blades;
• Curved Anel tear duct cannulas;
• Lacrimal dilators;
• Pigtail curved blunt probes  
 (preferably with suture hole; e.g., Worst)

Instruments that may be packed individually are for example 
(Figure 6a and b):

• Eyelid specula;
• Calipers;
• Chalazion forceps (Desmarres);
• Stades third eyelid forceps;
• Chalazion curette with small cup (e.g., 2-3 mm);
• Bipolar forceps for electrocoagulation;
• Lancet tip electrosurgical cutting electrode;
• Cryosurgery probe

Figure 5. Selection of instruments used for surgery of 
the lacrimal drainage system. From left to right:
curved Anel tear duct canula (angle to be adjusted 
to about 30 degrees before use); lacrimal dilator; 
Worst pigtailed curved blunt probe with suture holes; 
modified Castroviejo forceps; Von Graefe fixation 
forceps (here: without a lock); Stevens tenotomy 
scissors with short blades.

Figure 6. Instruments for ophthalmic surgery that may be packed individually. From left to right: a. eyelid specula; 
calipers; Desmarres chalazion forceps; Stades third eyelid forceps; chalazion curette; b. bipolar forceps; lancet tip 
electrosurgical electrode; battery-operated distichiasis electroepilator (Perma Tweez®; no longer manufactured; 
not to be autoclaved).

a b

15.3.3 Disposables

Disposable materials include scalpel blades (Swann-Morton no. 10 and no. 11 are most commonly used), Beaver blades 
(usually no. 6400-round and no. 6500-pointed), sterile gauze sponges, small Penrose drains, clips, 2 ml syringes, sterile 
ophthalmic fluorescein and topical anesthetic solutions (preferably in single dose vials), and silicone tubing of various 
sizes (outer diameter 0.7-1.5 mm).
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Swaged needles are available in different sizes, curvatures 
and tip designs (see Chapter 5). They generally consist of a 
conical or triangular tip, a round middle part with a flattened 
section for stability within the needle holder, and a round 
posterior part. For lid skin, 10-16 mm, 3/8-1/2 circle, extra-
fine cutting, micro-pointed, or extra-sharp-pointed round 
needles are used. The conjunctiva may be sutured using 
round-bodied needles. The effects of various needle designs 
on tissue are illustrated in Figure 7. 

Staples are not used for apposing wound margins of the thin, 
blinking lid skin. However, the eyelids can be approximated 
using staples in preparation of the surgical removal of the 
globe and conjunctiva (enucleation). For this indication, 
sutures may be a better alternative.

Figure 7. Various swaged surgical needle designs 
(a) and their effect on tissues, either without (b) or 
following (c) passage of the associated monofilament 
biomaterial. From left to right: round, cutting, reverse 
cutting, and spatulated needle sections.

15.3.4 Suture Material

Various suture materials with swaged needles may be used in ophthalmic surgery. Depending on the type of extraocular 
surgery, 4-0 (e.g., enucleation of the globe) to 6-0 (e.g., blepharoplasties) size material is used. The biomaterial is 
selected according to the type of surgery, including the location of the sutures, the duration of tensile strength required, 
the risk of microbial infection, and the character of the patient. If the suture material may contact the cornea, like in 
post-surgical recurrence of entropion, a pliable, soft material such as braided silk may be used. Infected wounds and 
surgical wounds of the lid margin are preferably sutured using monofilament suture material like polyamide or nylon. 
For conjunctival surgery and for eyelid surgery in non-cooperative patients, in which suture removal may be problematic, 
absorbable material may be chosen. However, when in contact with the cornea, knots or ends of absorbable suture 
materials like polyglactin 910 or polyglycolic acid may easily incite corneal damage. Furthermore, these materials may 
cause an undesirable tissue response during their absorption, resulting in less predictable scar formation.

15.4 Positioning of the Patient and the Surgeon

The patient is positioned in lateral recumbency. The operating table is tilted to 'reverse Trendelenburg' position, so that 
the patient's head is at a slightly higher level than the trunk. For most ophthalmic surgical procedures, the head of the 
patient is positioned such, that the lid fissure is more or less in a horizontal plane. A vacuum pillow is ideally used for 
secure positioning.

In order to minimize any tremor and to prevent uncontrolled movements, the ophthalmic surgeon is seated (for adnexal 
surgery mostly to the ventral side of the patient) and resting the little finger of both hands on the head of the patient 
as much as possible. At this stage of the preparations for surgery, the surgical chair should be positioned and adjusted 
according to the surgeon's preferences.
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15.5 Preparation of the Surgical Site

Depending on the surgical procedure, the lid skin is clipped using small hair clippers. The eyelashes may be removed 
using scissors with neutral ophthalmic ointment applied to the blades, which will make the cut hairs stick to the blades 
and prevent them from entering the conjunctival sac. Any remaining cut hairs or exudate are rinsed from the eyelids and 
conjunctival sac using a lukewarm, sterile 0.9% sodium chloride solution (saline). The skin is then dried with gauze sponges.

Many cleaning and antiseptic agents are toxic to the cornea and conjunctiva. Therefore, solutions such as iodine in alcohol, 
chlorhexidine diacetate and isopropyl alcohol should be avoided. A sterile, aqueous 0.5% povidone iodine solution can be 
safely used instead. Different cleaning and antiseptic protocols are practiced, only one of which is presented here. The 0.5% 
aqueous dilution of povidone iodine is applied to the conjunctival sac for one minute and then removed using the sterile 
0.9% sodium chloride solution. This procedure is repeated at least once. Then, the eyelids and conjunctival sac are liberally 
rinsed with sterile 0.9% sodium chloride solution and the skin is dried with gauze sponges. Starting at the lid margins, the 
skin is penciled with a sterile aqueous 0.5% or 3-5% povidone iodine solution. Care should be taken that the 3-5% solution 
does not reach the conjunctival sac and/or the other (underlying!) eye.

When the skin has dried and the surgeon has prepared for surgery (see Chapter 2), the surgical field is carefully draped, 
preferably using fiber free drapes with an opening for the eye or orbital region. The drapes may be fixed by small towel 
clamps and are tucked in below the head, in order to prevent accidental pulling on the drapes and, thus, on the lid skin, by 
the surgeon or assistant. For the same reason, drapes with an adherent inner surface should be avoided in lid surgery.

15.6 Instrument Handling

15.6.1 Introduction

For the handling of surgical instruments used in, for example, 
enucleation of the globe we refer to Chapter 3. A correct grip 
and careful handling are important for all surgical instruments, 
but essential for preservation of the more delicate ophthalmic 
instruments. These instruments are highly susceptible to 
wear or damage from incorrectly applied or excessive forces. 
Ophthalmic instruments for extraocular surgery should be 
used correctly and for 'light duty' only, i.e., in the finer surgical 
procedures and for suture materials of 5-0 diameter and less. 
The correct grip of ophthalmic instruments is described below. 

15.6.2 Blades

For ophthalmic surgery, both the no. 3 fitting handle and the 
Beaver handle are preferably held like a pencil: between the 
thumb and the index finger and resting on the middle finger of 
the dominant hand (Figure 8). 

Figure 8. The pencil grip for holding the blade 
handle in ophthalmic surgery. The blade handle 
is held between the thumb and the index finger, 
and rests on the middle finger of the dominant 
hand. Here, the cutting edge of the blade is 
pointing upwards for inverted press cutting. 
The hand is rested.

The pencil grip allows the hand to rest on the patient and employs fine motor control of the intrinsic hand muscles to 
incise with the blade. The blade can be held either with the cutting edge pointing toward the tissue for slide cutting, or 
with the cutting edge pointing upwards for inverted press cutting (see Paragraph 15.7: Sharp tissue dissection).
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15.6.3 Forceps

Castroviejo forceps may be used both as 'tissue forceps' and as 
'suture forceps'. When used to grasp tissue, Castroviejo forceps 
are positioned in the hand like a pencil: between the thumb 
and the index finger and resting on the middle finger; the back 
of the forceps is resting on the hand and not within the palm 
(Figure 9). In order to assist a needle in passing through tissue, 
or to tie a suture, the forceps are held between the thumb and 
the index and middle fingers in an overhand grip and the needle 
or suture material is fixated using the forceps' tying platform, 
directly behind the teeth (Figure 10). The forceps are generally 
held in the surgeon's non-dominant hand.

15.6.4 Needle Holders

Several types of ophthalmic needle holders are available. They 
are held in the surgeon's dominant hand. The Kalt and Arruga 
needle holders are kept in the palm of the hand, with the thumb 
placed on the lever controlling the fixation of the needle in the 
tip, and the index finger near the pivot for precise direction of 
the needle through the tissue (Figure 11a and b). 
The remaining fingers of the hand enclose the instrument. 
Depressing the thumb lever will engage the catch and thus lock 
the tip of the needle holder and secure the needle; pressing 
the thumb lever further downwards whilst simultaneously 
pushing the catch forwards will release the catch, unlock the 
tip and release the needle. These actions cause only minimal 
movements of the instrument as a whole and, thus, of the 
needle. The Castroviejo needle holder is available with and 
without a lock and is held in pencil grip. In order to prevent wear 
of both needle and needle holder, the (fine) needle should be 
secured in the most distal end of the tip (also view Paragraph 
15.11: Suturing).

Figure 9. Castroviejo suture forceps held in pencil 
grip for tissue fixation. The forceps are held 
between thumb and index finger and are resting 
on the middle finger of the non-dominant hand. 
The back of the forceps is resting on the hand.

Figure 10. Castroviejo suture forceps held in 
overhand grip for needle or suture fixation. The 
forceps are held between the thumb and the index 
and middle fingers of the non-dominant hand.

Figure 11. Correct hold of the Kalt ophthalmic needle holder. a. The needle holder is held in the palm of the 
dominant hand, with the thumb placed on the lever controlling the fixation of the needle in the tip, and the 
index finger near the pivot. b. Pressing the thumb lever downward will engage the catch, lock the tip of the 
needle holder and thereby secure the needle.

a b
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15.6.5 Scissors

Fine scissors, for example short Stevens tenotomy scissors, 
are held in an overhand grip, using the tips of the thumb and 
the ring finger for the rings, and the tip of the index finger for 
stabilization near the pivot (Figure 12). Cutting of soft tissues 
should be performed using the distal tips of the blades only. 
Cutting of more rigid material should either not be performed 
with these scissors, or only with the proximal parts of the 
blades.

15.7 Sharp Tissue Dissection

Tissues may be removed using sharp or blunt dissection, or a 
combination thereof. Sharp dissection, comprising incision and 
excision, is discussed below. 

Skin incisions are best made using scalpel blades, since cutting 
with scissors results in crushing of the tissue and beveled 
wound margins (Figure 13). To prevent the planned incision 
from being obscured by hemorrhage, it is generally made in a 
direction from the lowest to the highest tissue level.

The tissue should be pulled tight to enable exact control 
over the direction and depth of the incision. For this purpose, 
the periocular skin can be stretched between the surgeon's 
fingertips. For incisions near the lid margin, the lid skin can be 
stretched using both forceps and the surgeon's fingertip: the 
eyelid fissure is stretched laterally by closed forceps inserted in 
the conjunctival sac at the lateral canthus, while in addition the 
surgeon's fingertip stretches the lid skin ventrally or dorsally 
(Figure 14). Alternatively, a lid plate (e.g., Jaeger lid plate) can 
be positioned under the eyelid. However, the use of a lid plate 
may result in an incision that is too deep, with the scalpel 
blade accidentally perforating the conjunctival sac. A chalazion 
forceps may be used to fixate and stabilize the eyelid and 
provide hemostasis; the additional use of Castroviejo forceps 
may be needed for optimal fixation. In order to stretch the 
nictitating membrane, its margin can be fixed in a Stades third 
eyelid forceps or using Von Graefe fixation forceps with a lock. 
In the latter case, a small gauze stuffed under the palpebral side 
of the everted nictitating membrane may further tighten its 
surface and thus optimize its presentation to the surgeon.

Figure 12. Overhand grip used for fine scissors, like 
these short, straight Stevens tenotomy scissors. 
The rings are held with the tips of the thumb and 
ring finger, while the tip of the index finger is 
positioned near the pivot for stabilization.

Figure 13. The tissue effects of incising the skin 
using a scalpel blade (a, b) or scissors (c). a. Slide 
cutting. The cutting edge of the blade is pointing 
towards and drawn through the tissue. The tissue 
is pushed up in front of the blade, resulting in 
small folds. b. Inverted press cutting. The cutting 
edge of the blade is pointing upwards. The tip 
of the blade is entered into the tissue and then 
carefully advanced by forward pressure. The 
tissue in front of the blade is stretched rather 
than folded, and the surgeon has a direct view of 
the tissue that remains to be incised. c. Cutting 
with scissors results in crushing of the tissue and 
beveled wound margins.
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The skin, lid margin or conjunctiva are incised with the blade 
maintained at a perpendicular orientation to the tissue surface. In 
order to prevent jagged wound margins, the blade remains in contact 
with the tissue throughout the incision. Rounded and pointed 
blades may both be used for slide cutting, in which the cutting edge 
of the blade points to and is drawn through the tissue (Figure 13). 
Alternatively, a pointed blade like Swann-Morton no. 11 may be used 
for inverted press cutting, in which the surgeon holds the blade with 
the cutting edge pointing upwards (Figure 13 and 14). The surgeon 
first sinks the tip of the blade into the skin or conjunctiva, up to the 
intended depth, and then carefully advances the blade by pressing 
it forward. The advantages of this method are a precisely controlled 
incision depth, tissue stretching instead of wrinkling, and a good 
visualization of the tissue that is still to be cut. 

The apposition of small, elongated surgical wounds, like in the 
Celsus-Hotz procedure for entropion correction, is promoted by a 
wedge-shaped tissue resection (Figure 15). Following the initial, 
perpendicular skin incisions, the remaining tissue is excised by 
alternate incisions from the proximal and the distal wound margin, 
respectively, to a deeper level (in this example: subcutis or, if 
necessary, orbicularis oculi muscle) at a line halfway between the two 
skin incisions.

15.8 Blunt Tissue Dissection

Blunt dissection is applied in many extraocular ophthalmic 
procedures, such as the Morgan pocket technique for the correction 
of hyperplasia and prolapse of the third eyelid gland, the Stades 
procedure for upper eyelid trichiasis-entropion correction, the 
opening of the palpebral fissure in ankyloblepharon in kittens and 
puppies, and parotid duct transposition. Depending on the surgical 
procedure, it is performed with small (e.g., eyelid mass removal) or 
large (e.g., enucleation) dissecting scissors, or with fine hemostatic 
forceps (ankyloblepharon). The closed blades are inserted between 
the tissue layers to be separated and are subsequently spread, 
thereby separating the tissues along their weakest connections, 
without causing as much hemorrhage as cutting would. The scissors 
or forceps are then withdrawn and closed outside the wound. This 
procedure is repeated as needed.

Figure 14. Skin incision in the Celsus-
Hotz procedure for entropion correction.
The skin is stretched using closed forceps 
inserted in the lateral conjunctival sac 
to stretch the eyelid fissure laterally, and 
the surgeon's fingertip to stretch the 
lower lid skin ventrally. Inverted press 
cutting is applied here.

Figure 15. Wedge-shaped tissue resection 
in the Celsus-Hotz procedure for 
entropion correction. After perpendicular 
skin incisions have been made, the 
remaining tissue is excised by alternate 
incisions from the proximal and distal 
wound margin, respectively, to a deeper 
level of the subcutis at a line halfway 
between the two skin incisions.
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15.9 Hemostasis

In ophthalmic surgery, hemostasis is mostly achieved by applying pressure to the tissue. Diffuse hemorrhage occurring 
during lid or conjunctival surgery usually stops spontaneously. Electrocoagulation of blood vessels causes focal tissue 
necrosis and, thus, more extensive and less predictable scar formation. Therefore, electrocoagulation should be reserved 
for cases of excessive hemorrhage and should be performed as sparingly as possible. In order to minimize trauma, a fine 
bipolar handpiece is used (Figure 6b) and its tips are cleaned frequently. In addition, the handpiece is operated through 
foot switch activation rather than tissue contact activation, and the lowest energy setting and shortest tissue contact 
time that are still effective are applied.

Figure 16. Hair follicle destruction in 
distichiasis. a. The thin, stiff steel wire of 
a distichiasis electrocoagulation device 
is introduced into the opening of the hair 
follicle, up to its root, and the hair follicle 
destroyed. b. Transconjunctival destruction 
using a fine lancet tip electrosurgical 
cutting electrode.

15.10 
Use of Electrosurgical Equipment

The use of bipolar electrodes for hemostasis is discussed above. In 
addition, electrosurgical equipment may be used for the destruction 
of hair follicles in cases of distichiasis and ectopic cilia, but only if 
at least 5-10x magnification of the operative field is available. For 
this purpose, an electrocoagulation device with a very thin, stiff steel 
wire can be used (Figure 6b). The wire is introduced into the opening 
of the hair follicle (usually the meibomian gland opening), up to its 
root, which, in case of distichiasis, is about 3 to 5 mm deep (Figure 
16). Needle tip electrosurgical cutting electrodes are not suitable 
for this method of hair follicle destruction, since their application 
may easily lead to permanent destruction and/or distortion of 
the lid margin, or to substantial scarring or even necrosis of the 
conjunctiva. Alternatively, a fine lancet tip electrosurgical cutting 
electrode may be used for the transconjunctival destruction of the 
hair follicles (Figure 6b and 16). In order to minimize tissue loss, the 
lowest effective energy setting of the electrosurgical unit is selected, 
the conjunctiva is strained, and the tip of the electrode is oriented 
perpendicular to the conjunctiva overlying the hair follicle. Electrode 
contact with the lid margin, or with other tissues (e.g., through 
contact with the Von Graefe fixation forceps), is avoided. In a low 
energy setting, a lancet tip electrosurgical cutting electrode may also 
be used for the destruction of individual hyperplastic lymph follicles 
in refractory cases of follicular conjunctivitis.
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15.11 Suturing

15.11.1 Introduction 

Surgical and traumatic wounds of especially the lid margins 
require exact tissue re-apposition in order to restore anatomy 
and functional use (Figure 17 and 18). This is facilitated by 
adequate use of surgical landmarks, selection of the most 
appropriate suture pattern, and a meticulous suturing technique. 
These subjects are discussed below.

15.11.2 Surgical Landmarks and Other Aids 
in Wound Apposition

The aim in ophthalmic suturing is for perfect tissue apposition. 
In order to achieve this, the surgeon uses a number of surgical 
landmarks. Firstly, the openings of the tarsal glands into the lid 
margin and the border of the hairless zone of the lid skin allow 
the surgeon to exactly appose the edges of a free lid margin 
wound. In the repair of such a wound, this is where the first 
suture is placed (Figure 17; see Paragraph 15.11.3). Secondly, 
the conspicuous points of the wound itself are used: the wound 
commissure(s) and, especially in case of jagged traumatic 
wounds, any notches or angles in the wound margins. If present, 
local differences in pigmentation may be used for additional 
orientation. When using simple interrupted sutures, the 
remaining sutures are placed such, that each divides the distance 
between two adjacent sutures into two (or three) equal portions, 
until the sutures are only 2 to 2.5 mm apart (Figure 19).

Figure 17. Suturing a wound of the lid 
margin. 

a. Figure-of-eight suture. This symmetrical 
suture is initiated by inserting the needle 
at 1 to 2 mm from the free lid margin and 
the wound margin and exiting the wound 
margin halfway through its thickness 
and at the same level as (or slightly more 
proximal to the lid margin than) the point 
of entry into the skin. The needle enters 
the opposite wound margin at exactly the 
same level and exits the free lid margin 
within the grey line, at a distance of 1 to 
2 mm from the wound margin. The needle 
then enters the opposite grey line 1 to 2 
mm from the wound margin and exits the 
wound margin next to the former point of 
exit. The suture is finished by entering the 
opposite wound margin next to the former 
point of entry and exiting the lid skin at 
a distance of 1 to 2 mm from the wound 
margin and the lid margin.

b. U-shaped suture, used for closure of 
thicker eyelids. After the first suture at 
the lid margin, simple interrupted sutures 
are placed at conspicuous points of the 
wound (1). The remaining wound is closed 
using simple interrupted sutures that 
consecutively halve the distances between 
adjacent sutures, until the sutures are 
only 2 to 2.5 mm apart.

Figure 18. Incorrectly 
applied figure-of-eight 
sutures for closure of a lid 
margin defect.

a, b. Asymmetrical suture 
that is started and ended at 
unequal distances and too 
far from the lid margin.

c, d. Incongruous suture 
with asymmetrical points 
of entry and exit in both 
skin and lid margin.

e, f. A symmetrical but 
oversized suture, placed too 
far from the lid margin and 
the wound margin.
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When suturing incongruent wound margins, like the banana-shaped 
skin wound in the Celsus-Hotz procedure for the correction of 
entropion, the longer wound margin is carefully adapted to the 
shorter wound margin (Figure 19). This is best accomplished using 
simple interrupted sutures or, in selected cases, three to five simple 
interrupted sutures for crude wound accommodation, followed by 
a continuous suture along the entire wound length (Figure 20). 
When using interrupted sutures, the first two sutures are placed 
near both wound commissures, and the remaining wound is closed 
by consecutively dividing the distance between adjoining sutures 
in half. It may be difficult to judge whether a suture is reducing the 
length of both wound edges to the same extent. In such cases it is 
useful to release the needle before completely exiting the tissue. If 
the wound edges are not proportionally divided, the needle will take 
a non-perpendicular orientation to the wound.

Figure 19. Celsus-Hotz procedure for lower 
eyelid entropion.

a. After the initial perpendicular skin 
incisions, the skin and subcutis and, if 
necessary, a strip of orbicularis oculi 
muscle are removed using alternate 
incisions from the proximal and distal 
wound margin, respectively, resulting in a 
wedge-shaped tissue resection.

b. The longer distal wound margin is 
carefully adapted to the shorter proximal 
wound margin using interrupted sutures. 
The first two sutures are placed at 
the wound commissures (1, 2), and 
the remaining wound is sutured by 
consecutively halving the distances 
between two adjoining sutures (3, 4, etc.) 
until the distance between individual 
sutures does not exceed 2 to 2.5 mm.

c. In order to prevent secondary entropion-
trichiasis of the upper eyelid, temporary 
retraction sutures may be placed in the 
lateral upper lid skin (5).

Figure 20. Stades forced granulation procedure for the 
correction of upper eyelid entropion-trichiasis.

a. Upper eyelid entropion-trichiasis, with a resulting corneal 
defect.

b. The first incision is made at 0.5 mm from and parallel 
to the lid margin, without injuring the tarsal or meibomian 
glands. Starting at the medial wound edge of the first incision 
and continuing in a clown's brow shape to eventually join the 
lateral wound edge, the second incision is made up to 25 mm 
from the first incision. The circumcized skin is superficially 
removed using blunt resection. In case of combined entropion-
trichiasis-distichiasis, the now visible hair follicles are removed 
by scraping with the point of a scalpel blade or destroyed using 
a bipolar electrosurgical handpiece.

c. The distal wound edge is attached to the base of the fibrous 
tarsal plate, at a distance of 4 to 5 mm from the lid margin, 
using three to five simple interrupted sutures.

d. The apposition is completed using a simple continuous 
suture.
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15.11.3 Suture Patterns

Suture patterns that are applied in extraocular surgery include 
simple interrupted sutures, figure-of-eight cruciate sutures, 
interrupted horizontal mattress sutures, simple continuous sutures, 
and temporary retraction sutures. 

Simple interrupted sutures are applied in for example entropion 
correction and reconstructive blepharoplasty. The needle is usually 
passed perpendicularly to the wound margins (Figure 21). H-figure 
sliding skin grafts, however, are raised to the lid margin by the 
distal, more obliquely oriented sutures (Figure 22).

Figure-of-eight sutures are used for the apposition of lid marginal 
defects (Figure 17). A figure-of-eight suture stabilizes the lid 
margin in two directions: dorso-ventrally and anterior-posteriorly. 
The surgeon's knot is located on the lid skin, about 1 to 2 mm from 
the free lid margin.

Interrupted horizontal mattress sutures are used in for example 
enucleation of the globe, relaxation sutures, and temporary 
tarsorrhaphy (Figure 23). In the latter case, stents are used to 
prevent the sutures from cutting into the skin. Mattress sutures 
may also be used for closure of thick lid margin wounds, for 
example in horses.

Figure 22. Suturing in H-figure reconstructive 
blepharoplasty.

The first suture (1) apposes two edges of 
Burow's triangle. The second suture (2) is 
placed halfway between the first suture and 
the lid margin and is oriented obliquely to the 
wound edges in order to pull the graft towards 
the lid margin. The third suture (3) is placed at 
1 mm from the lid margin and approximately 
1.5 to 2 mm from the free graft margin (in 
order to compensate for future retraction 
of the scar at the free graft margin) and is 
oriented perpendicular to the wound margins. 
The remaining wound is closed by simple 
interrupted sutures that consecutively halve 
the distance between adjoining sutures. Their 
orientation to the wound edges varies with 
their position: the distal sutures are placed 
obliquely, and the closer the sutures are placed 
to the free eyelid / graft margin, the more their 
orientation approximates a right angle to the 
wound edges.

Figure 21. Suturing in the Celsus-Hotz 
procedure for entropion correction. The needle 
is oriented at right angles to both wound edges. 
The point of entry into the distal wound edge is 
at exactly the same level as the point of exit in 
the proximal wound edge. 

Figure 23. Temporary tarsorrhaphy

a. Two horizontal mattress sutures have been placed in order to close 
the eyelid fissure. The skin is entered/exited at 5 to 7 mm from the lid 
margin, whereas the points of exit/entry in the lid margin are within or 
only just exterior to the grey line. Stents are used in order to prevent the 
sutures from cutting into the skin. The lateral canthotomy, which was 
performed in the emergency treatment of proptosis of the globe, has 
been closed with simple interrupted sutures.

b. Cross section illustrating the correct suture placement.
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Simple continuous sutures are used in for example full thickness third eyelid wounds (Figure 24), the Morgan pocket 
technique for the correction of hyperplasia and prolapse of the third eyelid gland, and the Stades procedure for upper 
eyelid trichiasis-entropion correction (Figure 20). In the latter procedure, three to five simple interrupted sutures are 
used first to crudely accommodate the long dorsal wound edge to the shorter base of the fibrous tarsal plate, before 
the continuous suture is initiated. Although continuous patterns use less suture material and take up less surgical 
time, without a basis of interrupted sutures, they may also allow for ‘dog-ear’ formation at the end of the wound, and 
for less control of suture tension and wound approximation. In addition, suture breakage in approximately the first 10 
days (for example due to trauma inflicted by the patient itself) will result in dehiscence of the entire wound. Therefore, 
the application of continuous sutures in ophthalmic surgical procedures like lower eyelid entropion correction or other 
blepharoplasties remains riskier.

Tacking, or the placement of temporary retraction sutures, can be performed to gather up inverted lid skin in cases of 
lower eyelid entropion and upper eyelid trichiasis-entropion in very young puppies, in spastic entropion in adult dogs, or 
in order to prevent secondary trichiasis-entropion of the upper eyelid after surgical correction of lower eyelid entropion 
(Figure 19c). The bites of these simple interrupted or interrupted vertical mattress sutures are usually about 5 mm long. 
Depending on the indication, the sutures may remain in place for four to six weeks.

Some wounds are preferably left unsutured. Conjunctival 
defects in surgical or traumatic full thickness eyelid wounds 
are generally approximated by suturing the lid skin only. 
The thicker eyelids of large animals (horses), however, may 
require double layer closure. Small conjunctival lacerations 
are usually not sutured either. Leaving the conjunctiva to 
heal spontaneously usually results in less scar formation 
than suturing would in these cases and prevents the 
development of traction bands. It additionally allows for 
drainage of contaminated wounds.

Figure 24. Suturing a full thickness wound of the 
nictitating membrane. A continuous suture, containing 
the least possible number of knots, is used.

15.11.4 Suturing Technique

In adnexal ophthalmic surgery, both the forceps and the needle holder are involved in suturing, in contrast to general 
soft tissue and orthopedic surgery. They are each held in their original hand during the whole process of suturing: the 
forceps in the non-dominant hand and the needle holder in the dominant hand. The short strands of the sutures are 
tied using the tying platform of the Castroviejo forceps instead of the tip of the needle holder, whereas the long strands 
are grasped between the thumb and index finger of the opposite hand which, in the meantime, largely 'hides' the needle 
holder in the palm. This allows for exact control of the knot's position and tightness and prevents the continuous 
switching of position of the instruments, which is impractical and tiring, and may even cause dizziness or nausea, due to 
the narrow field of view and the fixed, short working distance associated with the use of a head loupe.
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In order to prevent corneal trauma, adnexal wounds should be sutured with the needlepoint directed away from the 
cornea. Since rotation of the needle could result in corneal trauma, it is a general rule in ophthalmic surgery that the 
needle is not left unguarded: it is always secured by either the needle holder, the forceps, or both (Figure 25). An 
exception is made for estimating the adaptation of incongruent wound margins (see Paragraph 15.11.2). The needle is 
initially fixed at the, mostly flattened, area near the midpoint of the needle, perpendicular to and in the most distal part 
of the tip of the needle holder (Figure 26). Capturing the needle tip in the serrated, hardened tip of the needle holder 
will blunt the needle tip and roughen its surface, thereby interfering with tissue passage. Fixing the needle posteriorly, at 
its round body, allows for rotation of the needle within the tip of the needle holder and, thus, uncontrolled movement of 
the needle tip, and will cause unnecessary shearing during tissue penetration. 

The tissue to be sutured is grasped using the Castroviejo forceps held as 'tissue forceps' (Figure 26). Usually only a small 
amount of tissue is fixed within the forceps. The free lid margin, however, is best stabilized when fixed 'full thickness', 
with the forceps placed on skin and conjunctiva in an orientation perpendicular to either the lid margin, or the wound 
margin.

In order to permit forehand suturing, the needle is introduced from far to near, or from right to left (for a right-handed 
surgeon), depending on the orientation of the wound. The needle is inserted at right angles to the tissue and then 
advanced, with the tip of the needle holder following the curve of the needle or making a slightly larger circle. In this way, 
the applied forces are maximally concentrated 'behind' the needle tip, allowing for effective tissue passage and minimizing 
disfiguring shearing forces on the needle. Moving the needle holder in a more linear fashion will result in S-shaped 
bending of the needle just anterior to its fixation in the tip of the needle holder. The needle exits the tissue at a right 
angle to the wound edge and is subsequently inserted at precisely the same level in and perpendicular to the opposite 
wound edge (Figure 21). On exiting the skin, the needle is grasped behind its tip with the Castroviejo forceps held as 
'suture forceps' (Figure 10).  Note that, in order to prevent blunting the needle, the forceps should never touch the needle 
tip. The needle holder is then made to release the needle and regrasp it perpendicularly at its back. While still securing 
the needle, both the forceps and the needle holder are simultaneously advanced, their direction dictated by the curvature 
of the needle. This will safely guide the needle through the tissue (Figure 25). Using the needle holder, the needle is then 
regrasped at its midpoint and extracted from the tissue. The suture material is advanced through the tissue by gentle, 
short pulls at the suture material (not the needle) in the course of its tunnel through the tissue, until the distal strand is 
only about 1.5 to 2 cm long. 

Figure 25. 
Suturing in the Celsus-Hotz procedure for 
entropion correction. At this stage of needle 
passage the needle is secured by both the 
needle holder and the forceps.

Figure 26. 
Suturing in the Celsus-Hotz procedure for 
entropion correction. The needle is fixed near 
the midpoint of the needle, perpendicular to 
and in the most distal part of the tip of the 
needle holder. The wound edge is grasped with 
Castroviejo forceps held as 'tissue forceps'.
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In order to tie the suture, the Castroviejo forceps (still used as 
'suture forceps') are positioned above and parallel to the surgical 
wound. The long strand of the suture material is grasped between 
the thumb and index finger of the opposite, dominant hand at about 
8 cm from the wound, and, passing the suture material first over 
the forceps, a double throw is made. Making minimal movements 
only, the short strand is grasped with the forceps and bent to the 
opposite wound edge, while the double throw is advanced to the 
point that a loose, symmetrical loop is formed and is 'standing' at 
a right angle to the wound (Figure 27). Both strands of the suture 
are then slowly and evenly pulled while being kept at the same level 
as the throw itself, not allowing the throw to turn while it sinks to 
the tissue. The final tightness of the first throw must be such that 
the tissue is exactly apposed and adequately compressed, but not 
overcompressed, let alone crushed. With the forceps in the same 
position as during the first throw and without pulling the first throw 
(which would loosen it), a second throw is made and finished as 
described above. Care should be taken that the knot is tight, but not 
tightened too much, making the first throw overcompress the tissue 
after all. This procedure is repeated for the third throw, after which 
the surgeon's knot is complete. The second and third throw should 
now form a square or reef or skipper's knot. Slip (granny) knots are 
to be avoided.

Surgical or traumatic defects of the lacrimal drainage apparatus 
are not sutured. Instead, a pigtailed probe is used to canulate 
the affected lacrimal canaliculus from its punctum and from the 
opposite punctum and canaliculus (Figure 28). A monofilament, 
nonabsorbable suture is passed through the lumen of a silicone tube 
of appropriate size, and the tube and suture within are subsequently 
introduced through both puncta and canaliculi. Alternatively, the 
suture can be inserted after the silicone tube has been introduced 
into the canaliculi. The length of the silicone tube is carefully 
adjusted to avoid corneal contact. The suture is then tied, resulting 
in a loop of silicone tube that does not extend beyond the third 
eyelid margin. After tying the suture, its ends are cut at a length of 
4 to 6 mm and the knot is carefully turned into and, thus, buried 
within the tube. The loop is then rotated to bury the two ends of the 
tube within a canaliculus or the lacrimal sac. 

Figure 27. Tying the sutures in the Celsus-
Hotz procedure for entropion correction.
The loose, symmetrical suture loop of the 
first throw is oriented perpendicularly to 
the wound.

Figure 28. Repairing an eyelid laceration 
involving the lacrimal canaliculus.

a. A pigtailed probe is used to canulate the 
lacerated canaliculus from the opposite, 
intact punctum, canaliculus and lacrimal 
sac, and to introduce a silicone tube.

b. The remaining part of the lacerated 
canaliculus is canulated from its lacrimal 
punctum.

c. The silicone tube is inserted.

d. A suture is passed through the silicone 
tube and is tied, resulting in a loop. The 
associated lid margin wound is then sutured. 
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15.12 Postoperative Management

15.12.1 Medication

The use of topical broad-spectrum antibiotic ointment is usually indicated after eyelid or conjunctival surgery. In addition 
to its antibiotic action, the eye ointment also provides lubrication. Ophthalmic antibiotic-corticosteroid drops are 
preferred, however, in case of surgically corrected defects of the lacrimal drainage system. If wound infection has already 
occurred or is likely to occur, the intravenous administration of broad-spectrum antibiotics before surgery is continued 
orally in the postoperative period.

Nonsteroidal anti-inflammatory drugs are used in the perioperative medical management of inflammation and pain. In 
feline patients, however, these agents can be administered systemically for a short duration only. During the immediate 
postoperative recovery period supplementary analgesics like buprenorphine or tramadol may be administered. For 
general guidelines and indications for peri-operative analgesia, the reader is referred to Chapter 16. Specifically, for 
ophthalmologic pain; if pain is (partially) due to iridocyclitis, an ophthalmic atropine preparation is indicated as well. 
Atropine has a bitter taste, and nasolacrimal drainage of topically applied atropine commonly results in profuse salivation. 
Atropine eye ointment may cause this side effect to a lesser extent than atropine eye drops. The use of atropine should be 
avoided in cases of glaucoma, lens luxation or deficient aqueous tear production (keratoconjunctivitis sicca).

15.12.2 Protective Measures

In order to reduce the likelihood of early suture removal by the patient and/or self-induced trauma after ophthalmic 
surgery, an Elizabethan collar may be applied. The firm, plastic collar should be of sufficient size: when pushed up to the 
shoulders, with the neck and head of the patient extended, the collar should still include the patient's nose. Especially in 
large dogs, the collar's free margin may make a very wide circle, causing these patients to bump into nearly all encountered 
obstacles and to get stuck in passages. A plastic bucket, from which the bottom is removed, and the sharp rims are taped, 
may then provide a good alternative. Both the Elizabethan collar and the bucket should be fixed to the patient's collar. 
Preoperative accustoming of the patient to wearing an Elizabethan collar is to be advised in order to reduce the risk of 
unnecessary excitation (which can severely impair the eventual result of surgery) upon recovery from anesthesia.

The drawings used in this Chapter were made by Dr. Frans C. Stades and are printed with permission.
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16.1 Injection Techniques for Drug Administration 

16.1.1 Routes of Administration

16.1.1.1 Introduction

Various routes are available for the administration of medications. A distinction can be made between drugs administered 
systemically or locally. Local (or topical) administration has the advantage of combining effective drug concentrations at 
the site of action, while the overall dose is relatively low or systemic absorption is limited. This may reduce the risk of any 
systemic (toxic) side effects. Topical application, however, may cause problems if the medication causes local irritation.

Examples of systemic and local routes of administration are:

Systemic Routes

• Oral (per os or PO)
• Rectal
• Intravaginal (mainly hormonal)
• Intravenous (IV)
• Intramuscular (IM)
• Subcutaneous (SC)
• Transcutaneous
• Intraperitoneal (IP)
• Intramedullary
• Intracardial (mainly for euthanasia)
• Intratracheal (inhalation anesthesia)
• In the conjunctival sac (substances that will enter the systemic circulation)
• Intranasal (substances will enter the circulation)
• Intra-aural (corticosteroids, antithyroid medication)

Local (topical) Routes

• Epicutaneous
• Intra-aural (ear ointments)
• Enteral (substances that are not absorbed by the intestines)
• Intranasal (substances with a low level of systemic absorption)
• In the conjunctival sac (substances with a low level of systemic absorption)
• Intravaginal
• Intratracheal (nebulization);
• Subconjunctival
• Intra-uterine (IU)
• Epidural
• Intramammary (IMM)
• Intra-articular (IART)

This chapter will primarily discuss routes of administration by injection that will result in a systemic effect. The choice 
for a certain route of administration is primarily determined by two factors. Firstly, the route has a major influence on 
the degree of absorption of the medication in the systemic circulation, and thereby on its overall effect. Secondly, every 
route has potential side effects, which also depend on the substance administered (e.g., venous thrombosis, injection site 
reaction).
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16.1.1.2 Oral Administration 

Although this chapter deals with administration by injection, oral administration will be discussed briefly so that it can 
be weighed as an important alternative to the various routes that will be discussed.

Oral administration is simple to carry out (unless the animal resists). This means that it is possible for the owners to 
do it themselves at home, thus enabling, for example, the administration of a substance twice daily (BID) or even more 
frequently without the direct involvement of a veterinarian. Furthermore, oral administration is painless, carries no risk 
of infection (except with aspiration whilst administering the drug) and – in cases no instruments are used – has no risk to 
soft tissue damage. The use of a pill applicator in production animals may carry a small risk of injuries. 

If a substance is administered PO, it has to be absorbed by the digestive tract in order to enter the circulation. As a 
result, it can take several hours before maximum plasma concentrations are reached. Furthermore, the effect of oral 
medications is less predictable as the rate of absorption may vary widely between substances, between species and 
even between individuals. Digestive disorders (anorexia, vomiting, diarrhea) may have an unpredictable influence on 
absorption; it is better to refrain from oral administration in such cases.

Oral antibiotics may cause diarrhea, for instance if metabolites of an orally administered antibiotic remain active in the 
large intestine and cause an imbalance in the normal digestive flora. This can result in diarrhea through the enhanced 
multiplication of certain pathogens. Injectable antibiotics can also cause diarrhea if they lead to high concentrations in 
the intestines (e.g., excretion via the bile).

In ruminants, the possibilities of oral administration are even more limited since the digestive flora may break down the 
substance; and, vice versa, some substances cause an imbalance in the flora.

16.1.1.3 Subcutaneous Injections

Following subcutaneous injections, absorption is often slower and more variable than after IM injections, since the 
subcutis is less vascularized than muscle. In the case of hypovolemia and shock, absorption is further reduced due to 
diminished perfusion of the subcutis. Irritating substances can cause injection sites to be painful, but do not result 
in profound tissue damage in comparison to muscular sites. In cats, the development of injection-site sarcomas has 
been described following SC injection(s) of chronic irritating substances, such as certain vaccines and “slow-release” 
antibiotics. A side effect of SC injections is the possibility of an inflammatory reaction at the injection site, the effects of 
which are comparable to those described in intramuscular injections.

16.1.1.4 Intramuscular Injections

Following intramuscular administration, the substance is gradually absorbed from the injection site into the circulation. 
This means that it may take several hours and up to a day for the desired plasma concentrations to be reached. As a 
result of the slow uptake, however, once or twice daily (SID/BID) administration may suffice. So-called “slow-release” 
or “long-acting” substances may maintain constant plasma concentrations for a longer period, but the plasma 
concentrations obtained may be too low for an optimal effect.

The main side effect of IM injections is the possibility of an inflammatory reaction at the injection site: a local, painful 
swelling can occur and will disappear over time, but can leave scar tissue in the muscle. Therefore, when considering IM 
administration, the risk of local adverse effects should be considered seriously. The risk of a local inflammatory reaction 
depends on the volume injected, the viscosity and chemical nature of the substance, and the number of injections 
needed. Severe injection site reactions may be avoided through administering subsequent injections in different muscles.
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“Slow-release” substances are usually more irritating to tissues. If IM injections are given to farm animals, local 
changes in the muscle may reduce their slaughter value, particularly if they occur in the more expensive muscles of the 
hindquarters. Owners of horses and companion animals often find injection site reactions unacceptable as they cause 
discomfort to the animal.

In addition to the aforementioned reaction, injection site abscesses (sterile or not) may occasionally develop following an 
IM injection. These abscesses are often easy to treat in theory but may cause major problems if located in an area that 
is difficult to drain (e.g., neck muscles, back muscles, gluteal muscles). IM injections have led and may lead to liability 
lawsuits, particularly in horses. 

16.1.1.5 Intravenous Injections

High drug plasma concentrations can be reached rapidly with intravenous administration. The entire dose is almost 
immediately biologically available. This may be important, for example, in anesthetic induction or the pre-operative 
administration of antibiotics. The shorter dosage interval between IV administrations compared to IM or SC 
administrations can be a practical disadvantage (often 6 to 12 hours).

Solutions that are irritating for tissues when given IM can often be administered IV: by injecting slowly, the solution is 
distributed over a large volume of blood. Also, large quantities of solutions are better given IV rather than IM or SC.

The occurrence of acute hypotension with resulting shock (“falling off the needle”) is a potential complication of IV 
injections. The risk is mainly determined by the speed of injection and the substance used. However, IV injections 
carried out correctly bear a low risk of this complication. In the horse, a substance meant for the external jugular vein 
may inadvertently be injected in the carotid artery. In such a situation the risk of acute collapse is high, as the solution 
reaches the brain as a bolus. 

Another complication of IV injections is venous thrombosis, which can lead to serious complications, especially in horses. 
Thrombosis is caused by damage to the intima (the inner coat of vessels) following repeated punctures of the vessel wall 
with the tip of the needle, or when using highly irritating substances, for example. To avoid these problems, IV injections 
should be given slowly and strictly IV. Highly irritating substances should be diluted prior to administration, if possible. 
As the animal may move during injection, it is possible that, using a sharp needle, the venous wall is punctured and part 
of the substance spreads perivenously. This risk can be reduced by using a catheter or butterfly needle with extension 
tubing. 

Both severe acute reactions as a result of an injection and venous thrombosis may lead to liability lawsuits.

16.1.1.6 Intraperitoneal Injections

Substances that are administered via intraperitoneal injection usually enter the circulation quickly as the highly 
vascularized peritoneum constitutes a large absorption surface. However, IP administration has two major 
disadvantages: the peritoneum is highly sensitive to irritating solutions and the accidental puncture of the intestines 
may lead to peritonitis. Absorption is strongly reduced by hypovolemia and shock.
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16.1.1.7 Intramedullary Injections

When administering resuscitation fluids by continuous infusion to (especially small) hypovolemic animals, obtaining 
intravenous access may prove difficult due to collapsed veins. In such cases, infusion into the bone marrow may be an 
alternative. Within the rigid bone structure, the capillary bed of the marrow does not collapse. From the bone marrow, 
the administered solution rapidly reaches the systemic circulation. The bones most often used for intramedullary 
injections are the ilium and the tibia (calf and foal) and the humerus and femur (companion animals). 

16.1.2 Materials

16.1.2.1 Syringes

Injection syringes should be clean and sterile at all times. This is the reason why disposable syringes made of synthetic 
material are most often used. Reusable (glass) syringes should be cleaned and sterilized after use. Reusable syringes are 
only cheaper in use if they are not regularly broken! In farm animals, re-usable revolver syringes are frequently used when 
more animals have to be treated for instance in cases of inoculation.
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Disposable syringes exist in many sizes, from 1 
to 50 ml. Glass syringes may be used for larger 
volumes (250 ml), but infusion with the aid of a fluid 
administration set is often a better solution.
In syringes with a small volume, the outflow opening 
(cone) is positioned centrally, whilst larger syringes 
(usually) have an eccentric cone (Figure 1). The 
cone is eccentric in order to allow the syringe (and 
needle) to be held as parallel as possible to the blood 
vessel during IV injections. The calibration marks 
on these syringes are printed on the barrel opposite 
the position of the cone. When unwrapping the 
disposable syringe, the cone should remain sterile. 
For this reason, the wrapping should be opened at 
the side of the plunger – and not by pushing the cone 
end through the wrapping!

Figure 1. Disposable syringes: a 2 ml syringe with a central 
cone (left) and a 10 ml syringe with an eccentric cone (right).

16.1.2.2 Needles

Injection needles should also be clean and sterile and have a sharp and properly shaped needle tip. The needle tip 
or bevel should not be tapered in such a manner that it will punch a piece of skin, as this will block the needle upon 
penetrating the skin. One can be assured of a correct bevel shape when using disposable needles.

The size of the needle is determined by its use. The thinner (and sharper) the needle, the less painful it will be; however, 
the smaller diameter will increase the injection time unacceptably if a large quantity or a viscous solution is to be 
injected. For an IM or SC injection, the needle should not be longer than the desired injection depth to avoid injecting too 
deep. The size of a needle is described by its diameter in mm or in “Gauge” (G) and its length in mm. 
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Each size has its own color code for easy recognition. Unfortunately, the color code can vary depending on the 
manufacturer. Some common sizes are listed below. For each needle size, the corresponding target species and injection 
technique is given.

• 0.45 mm (26 G) x 12 mm
• 0.6 mm (23 G) x 25 mm
• 0.7 mm (22 G) x 30 mm
• 0.8 mm (21 G) x 40 mm
• 0.9 mm (20 G) x 30 mm
• 1.2 mm (18 G) x 40 mm
• 1.8 mm (16 G) x 40 mm
• 2.1 mm (14 G) x 80 mm
• 2.7 mm (12 G) x 80 mm

In dogs and cats, 22-23 G needles are most commonly used. 
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For injections of viscous solutions or blood samples of large volume 
(e.g., 20 ml), 20 G needles are often used. For small quantities (1 ml, 
e.g., vaccines), 26 G needles are used. Their short length is practical 
for SC injections. In horses, 18 G needles are commonly used for IM 
and IV injections. In cattle, 18-20 G needles may be used, but they 
can bend if the animal moves or resists during IM injections. For this 
reason, the thicker 16 G needles are more commonly used in cattle, 
except when small amounts or watery substances are injected. For SC 
injections in the horse, 23 G needles usually suffice. For IV infusions 
of horse and cattle, large-bore needles (14 G or 12 G) or catheters are 
used (Figure 2).

Figure 2. Injection needles: the small 
needle is 0.45 mm (26 G) x 12 mm, the 
large needle is 2.1mm (14 G) x 80 mm and 
is positioned so that one can “look inside 
the needle”.

The needle is unwrapped at the side of the cone. For aspiration of solutions, the needle is first attached to the syringe. 
The cone of the needle should be pressed down on the syringe for a good fit. If, in doing so, too much pressure is put on 
the protective needle guard, it may cause the needle guard to get stuck on the needle (check before use if the needle 
guard can be easily removed). The needle and its guard are extracted from the wrapping only after the needle has been 
connected to the syringe.

Needles should be disposed of in such a manner that nobody can get injured. To avoid injury, the needle is best discarded 
straight after use in a special container for sharp objects (e.g., sharps container). Another possibility is to replace the 
needle in the needle guard, although there is a risk of injuring oneself when doing so. 

16.1.2.3 Butterfly Needles with Extension Tubing

A butterfly needle is a needle with “wings” at both sides of its base, by which the needle can be held. The needle often 
has an extension tube with a cone at the end to which a syringe can be connected. The extension tube allows the syringe 
to be moved independently of the needle, giving both operator and patient more freedom of movement during the 
injection. This increases the chance that the needle remains in position (inside the blood vessel). Butterfly needles are 
therefore used in particular if:

• The animal is difficult to restrain;
• The injection takes longer, thus increasing the risk of movement and resistance;
• Irritating substances are to be administered
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16.1.2.4 Catheters

Intravenous catheters are often used instead of needles for IV (fluid) administration. A catheter may be applied for a 
single injection or for medications given IV over several hours (e.g., during surgery), but most catheters are intended 
for more long-term use, most often for several days to weeks. For both short and long-term use, catheters should be 
well secured (adhesive bandage and/or stay sutures) to keep them positioned correctly. A catheter has the advantage 
that, even if the patient moves, one can be sure that all injectables are given strictly IV. A synthetic catheter causes less 
damage to the vessel wall than a metal needle, especially when in position for a longer period of time.

So-called “over-the-needle” catheters are easiest to insert, and most used in veterinary medicine. These consist of a 
synthetic catheter with an internal metal needle. The metal needle is hollow and has a sharp bevel that slightly exceeds 
the blunt tip of the catheter. At the other end, the needle has a transparent chamber in which blood can be visualized 
once the needle has punctured a vein. Once the catheter is positioned in the vein with help of the internal needle, the 
needle is removed (Figure 3). The catheter may be fitted with small wings to help with securing the catheter to the 
skin. Other types of catheters, such as “through-the-needle” catheters (or modifications of this type) and “guide-wire” 
catheters (Seldinger technique), are becoming increasingly popular for long-term intravenous access.
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Figure 3. An over-the-needle catheter. From the left to right: a. the catheter as it comes out of the wrapping, with protective 
needle guard; b. the catheter after removal of the needle guard; c. the catheter and the needle with transparent chamber 
separated.

a b c

16.1.2.5 
Containers for Injectable Medications

Injectable solutions are available in vials or bottles (Figure 4). 
Often, some of the fluid is located in the “head” of the vial. 
Emptying the head by flicking a finger against it may create 
air bubbles. It is better to shake it down, like an old-fashioned 
mercury thermometer. If the vial has a colored stripe printed 
around the “neck” (the narrowing between the head and the 
“body” of the vial containing the actual solution), it means the 
head can be snapped off easily. Figure 4. A vial (left) and a bottle (right) with 

an injectable solution. The protective lid is 
already removed from the bottle. 
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If a colored dot is printed on the head, the neck should be broken by putting pressure on the head at the position of the 
dot. If the vial has neither ring nor dot (rare nowadays), a small groove should be made with a little saw (which should 
come with the vials) prior to snapping open the vial. It may be prudent to protect the hand that is used to break the vial, 
e.g., with a gauze swab. After opening the vial, the solution can be aspirated with a syringe and needle. This can be done 
from a standing vial, but the vial may also be held upside-down as the meniscus of the fluid prevents it from pouring out. 
Vials are intended for single use only.

Medicine bottles have a rubber stopper which is usually held in place by a metal seal that can be pierced by an injection 
needle. A protective lid has to be removed prior to first use: disinfection of the rubber stopper before puncturing is not 
necessary. The absence of a lid indicates the bottle has been used before. With an absent lid, the rubber surface should 
first be disinfected (preferably with alcohol, which does not leave a residue after evaporation and is therefore unlikely to 
have an impact on the content of the bottle). Negative pressure in the bottle may impede aspiration of the solution. To 
avoid this, prior to aspiration the syringe is filled with an amount of air equal to the volume of fluid to be collected. The 
bottle top is pierced before turning it upside-down. The air in the syringe is then “exchanged” for the solution. In the case 
of large volumes (e.g., 20 ml from a 100 ml bottle), it is recommended to perform this “exchange” in a stepwise manner 
as infusion of 20 ml of air into a 100 ml bottle may cause leakage due to high positive pressure.

Breached bottles may be stored if certain guidelines are respected. The bottle may be stored only if the solution 
was extracted in an aseptic manner. Secondly, the bottle needs to be stored according to the manufacturer’s 
recommendations (for example in a refrigerator). A “use-by” period after first use applies to each solution. This is 
mentioned in the medicine leaflet and is usually one day for solutions without preservatives and one month for those 
with preservatives. The day of first use should be written on the label so that the use-by period can be checked.

For extraction of the solution from the bottle or vial, a different needle than that for injection should be used. This keeps 
the injection needle clean (especially important for irritating substances) and sharp and allows for a different (larger) 
needle size to be chosen for aspiration than for injection.

A little more solution is aspirated than necessary to allow for the removal of air bubbles. This is done by holding the 
syringe upright and pushing the plunger until all air has been removed. Often, the syringe should be flicked first to ensure 
that air bubbles attached to its inner wall are released. Following this, the needle guard is placed over the needle. In this 
way, the cone of the syringe is protected against contamination, needle injury is prevented, and the syringe can be safely 
transported to the patient or put aside (label for safety) for the time being.

16.1.2.6 Fluid Administration Sets

Fluids for infusion are available in glass or synthetic bottles or plastic bags with penetrable stoppers, sealed with a 
protective cover. The solutions are usually administered through a fluid administration set. The set consists of a length 
of tubing with a needle or spike on one end that can be used to pierce through the stopper. The tubing is equipped with a 
drip chamber and in-line flow regulator. The other end of the tubing ends in a special connector (for example a so-called 
“Luer lock” connection) to which a needle or catheter can be attached. The drip chamber is partially filled with fluid to 
function as a “buffer” when the bottle or bag is empty, and air tends to fill the tubing. Furthermore, the speed of flow 
can be adjusted by counting the number of drops per minute/second in the drip chamber. The flow regulator (usually an 
adjustable clamp or wheel that squeezes the tubing to a more or lesser extent) allows control of the flow speed. 

When glass or stiff plastic bottles are used, negative pressure is built up during infusion, preventing the flow of the 
solution. This is why an air vent has to be used with these types of bottles. Administration sets can have an air vent 
built in the spike. For non-vented sets, separate tubing for air ventilation has to be used. Such an extension has a needle 
at one end that is pierced through the stopper, and a filter at the other end to prevent contamination of the solution. 
Collapsing synthetic bottles or plastic bags that do not need an air vent are becoming the standard in veterinary 
medicine.
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When fluids need to be given, the administration set should be prepared ready-to-use prior to placement of the catheter 
or needle. The bottle or bag is hung upside-down above the level of the patient’s heart. This ensures that the solution 
flows into the animal, rather than the blood into the tubing, after hooking up the set to the catheter or needle. Before 
connecting the administration set to the fluid bottle or bag, it is taken out of its wrapping and the flow regulator is 
closed (when the flow regulator is open after attaching the set to a fluid bottle or bag, both fluid and air bubbles will fill 
the system, making it difficult to free the tubing of air bubbles). The needle or spike is then pierced through the stopper 
of the bottle or bag. The drip chamber is gradually filled by gently pinching it a few times, or by holding it horizontally 
if made of rigid plastic. The flow regulator is then opened until all air has been expelled from the tubing. The end of the 
tubing has a protective cap that protects it against contamination. Sometimes this cap needs to be removed in order to 
completely fill the drip tubing. When rigid bottles requiring air ventilation are used in combination with a non-vented 
fluid administration set, the needle of a separate air vent system is pierced through the stopper, whilst the other end of 
tubing is positioned above the fluid level in the bottle.

16.1.3 Techniques

16.1.3.1 Preparing the Injection Site

Much debate surrounds the question as to whether it is necessary to disinfect the skin prior to IM or SC injections. 
The condition of the skin or coat plays an important role: injections through soiled skin (e.g., in the case of diarrhea) or 
dermal lesions cause an increased risk of infection, even after disinfection.

In horses, it has been demonstrated that a rapid disinfection with alcohol without clipping leads to a significant 
reduction (± 70%) in the number of bacteria on the skin. Electrical clipping followed by disinfection leads to a reduction 
of over 90%. In horses, it is therefore considered good practice to disinfect the skin prior to IM or SC injections (clipping 
is only performed with a thick hair coat). In cattle, the injection site is also best disinfected unless this is impractical 
(injection of a group of animals; a poorly restrained or unrestrained animal). In pigs, such situations nearly always apply, 
and injection sites are not disinfected.

Prior to IM or SC injections in companion animals with a well-kept coat, clipping or disinfection is considered not 
necessary. Alcohol is often used but this merely has the function of improving the view of the injection site by parting or 
smoothing the hairs. However, for IV injections the injection site is always disinfected, and often clipped, in all species. 
Sometimes, clipping is necessary to make the vein visible for IV injection (e.g., dog, cat, thick-coated horse).

In all instances where infection could have disastrous consequences (e.g., intra-articular injections, long-term catheter) 
the skin should be clipped, cleaned and disinfected (like preparing a surgical field).

16.1.3.2 Subcutaneous Injections

Subcutaneous injections are given in areas where the skin lies loosely over the underlying tissue. To give the injection, a 
skin fold is held between thumb and index finger, creating a skin triangle with the body wall as a base. The center of this 
triangle is slightly dented, into which the needle is inserted below thumb and index finger and parallel to the body wall. 
The skin fold is then released and with a small movement it is checked that the needle is still in the subcutaneous area. 
The injectable solution should not enter the blood stream as certain substances (e.g., procaine-penicillin suspension in 
the horse) may cause shock.
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Figure 5. A subcutaneous injection is given in a Labrador 
retriever in the loose subcutaneous tissue between the 
shoulder blades.

Therefore, prior to injection it should be checked 
that the needle has not accidentally punctured a vein 
by creating a slight negative pressure in the syringe 
on drawback of the plunger. The solution is then 
injected. At the end of the injection, the needle is 
withdrawn, and the injection site is compressed. The 
pressure aims only at preventing leakage from the 
skin. The injection site is not massaged, as this only 
increases the tissue trauma and does not increase the 
speed of absorption.

In horses, SC injections are given in the pectoral area, 
in cattle in the dewlap and the neck region, and in 
small ruminants on the ribcage behind the elbow. 
In pigs, SC injections are given just behind the ear 
holding the syringe in a mid-vertical position. Since in 
pigs it is not possible to check whether the needle is 
indeed SC (the animals are not or poorly restrained), 
it is possible that part of the injection intended for 
SC administration is in fact given IM. This can be 
prevented as much as possible by using a short needle 
for SC injections.

In dogs and cats, subcutaneous injections are given dorsally between the shoulder blades (Figure 5) or ventrally on the 
side of the thorax behind the elbow. Advantages of the first location are the loose skin, accessibility and the difficulty 
for the animal to bite the person injecting. Disadvantages include the more complicated treatment of a possible 
injection site abscess/tumor as well as esthetical aspects, as some injectables may cause tissue reactions with swellings 
(imidocarb) or a change in coat color (progestogens). The second site does not have these disadvantages but is less 
accessible; and although the skin is thinner, it also appears more sensitive. It is also easier for the animal to reach and 
bite the person administering the injection.  

In cats, it is no longer recommended to give certain vaccinations between the shoulder blades or on the side of the 
thorax, but rather in the SC of the ventral abdomen or distally on one of the limbs. This precautionary method facilitates 
the treatment of possible complications such as injection site sarcomas. The areas mentioned earlier (behind the elbow 
and between the shoulder blades) do not allow a wide resection of this aggressive tumor.

16.1.3.3 Intramuscular Injections

In horses, the pectoral muscle (m. pectoralis descendens) and the hamstring (m. biceps femoris, m. semitendinosus and 
m. semimembranosus) may be used for intramuscular injections. An injection in the pectoral muscle will often cause a 
visible (but benign) swelling; the hamstring is covered by a fascia, making the swelling invisible. When injecting in the 
hamstring, the operator should stand as close as possible to the shoulder of the horse to avoid injury should the horse 
kick. When injecting in the hamstring, restraint may be necessary.

Many horses will tolerate IM injections without excessive resistance, especially if the muscle of the injection site is 
relaxed. This may be obtained by “pounding” a few times on the muscle with the side of the fist, needle in hand, before 
turning the hand and inserting the needle into the muscle. The injection is carried out as close as possible to the muscle 
belly, not too close to the insertion on the bone (e.g., ischial tuber for the m. semimembranosus). After injecting 20 ml, 
the needle is usually repositioned 10 cm from the first injection site for the next 20 ml.
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In horses, the neck muscles are avoided as a possible abscess in this area is very difficult to treat due to the vertical 
fascia, an abscess is more likely to extend vertically than to burst and drain sideways. If the horse owner insists that the 
injection is given in the neck (for fear of reduced performance due to pain after injection in the pectoral or hamstring 
muscles), they should be well informed of this risk.

In cattle, neck muscles are the preferred injection site as they are not very important economically. The injection should 
be placed in the muscles cranial to the shoulder blade, well above the vertebral column and below the nugal ligament. 
In animals that need to be given a large number of injections, the hamstring muscles may be used, as in the horse. 
Cattle will always resist being injected. Restraint and in preparation of needle insertion is usually necessary, whereas 
“Pounding” of the muscles in preparation of needle insertion is of little use (except sometimes in wilder beef animals).

In pigs, the neck muscles are also most commonly used for intramuscular injections. The needle is inserted in a more 
horizontal (perpendicular) position about three fingers’ width behind the ear. Group injections (using revolver syringes) 
are best carried out at the feeding trough. Young pigs may also be injected in the (more expensive!) hamstring muscles. 
Care should be taken not to insert the needle too deeply to avoid damage to the ischiatic nerve. Alternatively, the 
triceps may be used as injection site. In small ruminants, the triceps muscles or hamstring muscles may be used for IM 
injections.

In IM injections of dogs and cats, quantities of 2 to 6 ml are considered acceptable depending on the size of the animal. 
A number of muscles can be considered for IM injections in dogs and cats: behind the femur in the hamstring muscles 
(dog), in front of the femur in the quadriceps muscles (cat), the triceps muscles and the back muscles in the lumbar area 
(dog and cat). Traditionally, injections have been given in the hamstring muscles. However, two major complications may 
arise in this area, so this location is no longer considered acceptable as an injection site. Firstly, there is a risk of severe 
damage to the ischiatic nerve (in particular with irritating substances). Secondly, contrast studies have shown that, in 
the majority of cases, the injected solution does not arrive in the muscle but in the intermuscular fascia. This increases 
the risk of diffusion to and damage of the ischiatic nerve, as well as having a highly unpredictable absorption rate.

Injections in the quadriceps muscles will end up intramuscularly and rarely intermuscularly. The injection is made from 
lateral to medial at right angles to the muscle to avoid the needle being inserted deeper and reaching the femur if the 
animal makes a sudden forward kick with the hind limb. Injections in the lumbar back muscles (next to the midline) 
rarely cause complications, will always end up intramuscularly, and are often used when giving anesthetics as IM 
injections in this area lead to rapid absorption.

As with SC injections, the injectable solution should not enter the blood stream. Prior to injection, the syringe should be 
briefly aspirated to check that the needle has not accidentally penetrated a vein.

16.1.3.4 Intravenous Injections

For IV injections, the vein is raised, and the needle inserted through the skin at an angle of around 30°, with the bevel 
(needle opening) turned away from the animal (so that the person injecting “looks into the needle”). As soon as the tip 
of the needle enters the vein, blood becomes visible at the cone. The needle is then moved a bit further up, parallel to 
the vein. The needle may be turned 180° over its longitudinal axis to avoid puncture of the opposite vessel wall whilst 
advancing the needle into the vein (Figure 6). The compression of the vein is lifted only after the needle has been 
advanced to prevent the collapsing vein from slipping off the needle and to reduce the risk of puncturing the vein wall 
from the inside. Whilst giving the IV injection, the vein is no longer raised as the purpose is to dilute the solution directly 
into the blood flow.

16 - INJECTION TECHNIQUES FOR DRUG ADMINISTRATION AND METHODS OF RESTRAINT
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When giving an IV injection, a little bit of blood is aspirated immediately before the injection is administered to check 
that the needle is still in the vein. The position should also be checked again during injection, for example after an 
animal has moved. At the end of the injection, blood can be aspirated once more to avoid the (potentially irritating) 
solution infiltrating the subcutaneous area when the needle is withdrawn. Sometimes the vein needs to be raised for the 
aspiration of blood. After needle withdrawal, the injection site of the vein is compressed to avoid a hematoma.

If the solution (particularly if it is irritant) ends up in the perivenous area, this may lead to inflammation or even 
necrosis. To prevent this from happening, the perivenous depot of the solution should be diluted as soon as possible. 
For dilution, a sterile saline solution containing mucopolysaccharidase (e.g., Thiomucase®) can be used, which improves 
the passage through the interstitial area, thereby leading to a more rapid absorption of the solution. Following this, a 
special ointment containing substances that improve diffusion through the interstitial area (e.g., Lasonil®, a heparinoid/
hyaluronidase ointment) can be applied several times daily, but this is less effective than dilution by injection.

In horses, the external jugular vein is most commonly used for IV injections. The risk of puncturing the carotid artery 
is minimal at about one third between head and shoulders (measuring from the head), as it runs a little deeper at this 
point and is covered by the omohyoid muscle. An assistant slightly lifts the horse’s head up and away from the person 
injecting. Restraint methods are rarely necessary and will cause the horse to tense up its neck muscles, causing the 
vein to become less visible. With a hand placed around the front base of the neck, the vein can easily be compressed 
using a thumb. The vein rises slowly, however, and is not always clearly visible. The vein can be seen to deflate fast on 
sudden release of the compression. This action is valuable in establishing the location of the vein. Horses rarely resist 
venipuncture, especially if the needle is inserted through the skin calmly. If the external jugular veins cannot be used 
(e.g., damage due to previous injections), the superficial thoracic, cephalic or medial saphenous veins may be used. 
Beware of being kicked when using these veins.

In cattle, IV injections can also be given into the external jugular vein. Cattle tend to resist venipuncture more than 
horses, and it is therefore wise to control the head with the use of a rope and/or halter, so that the neck is stretched. 
A jugular vein clamp or neck tourniquet is recommended. Both skin and venous wall are thick and sturdy in cattle. This 
means that the needle sometimes needs to be “thrust in” to enter the vein.

Figure 6. Schematic drawing of a vein puncture. 
In the drawing on the top, the needle is inserted 
at an angle of 30°, with the bevel (needle 
opening) turned away from the animal. On 
the bottom, during insertion the needle is 
twisted 180° over its longitudinal axis to avoid 
puncturing the opposite wall of the vein.

There are two ways to determine the correct position of the needle in the 
lumen of the vein. A loose needle may be used so that once the needle 
punctures the vein, blood drips from the cone. A continuous blood flow 
from the needle should be apparent whilst it is advanced further into the 
vein. The needle can also be connected to the syringe prior to injection. 

Negative pressure is applied to the syringe (by slightly pulling the plunger) 
once the skin has been penetrated. Blood appears in the syringe the 
moment the vessel wall is punctured. The “loose-needle” technique is 
easiest but often causes the hair, coat and hands to become soiled with 
blood. Using an attached syringe prevents blood spillage but maintaining 
negative pressure requires some dexterity. Also, the 180°-twist of the 
needle is not possible with this technique. The loose-needle technique is 
rarely used in companion animals.
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In cattle, the subcutaneous abdominal (“milk”) vein can also be used for IV injections. This vein is always raised. 
A disadvantage is that leakage of irritating solutions (e.g., calcium-containing solutions) may lead to extensive 
inflammatory reactions. When using the subcutaneous abdominal vein, attention should be paid to possible forward 
kicking of the cow. For blood sampling, the median caudal vein of the tail is often used as the animal hardly needs to be 
restrained. This site is less suitable for IV injections as the vein can only be punctured at an angle of 90° and the needle 
cannot be advanced very far into the vein. This means that part of the liquid is likely to arrive in the perivenous area by 
extravasation of the tip of the needle.

In pigs, the cranial vena cava at the thoracic inlet or the external jugular vein just cranial to this inlet are suitable for 
blood sampling but less so for IV injections, as the veins are reached at an angle of around 90° and the needle cannot be 
advanced very far into the vein.

For blood sampling, pigs are restrained as follows: in a standing position, large animals are restrained with a noose over 
the upper jaw; smaller individuals are placed in lateral or dorsal recumbency, or upside-down with the forelimbs held 
back. An auricular (“ear”) vein is usually chosen for IV injections. The animal is restrained, and the base of the ear is 
compressed by hand or with a tourniquet. For venipuncture, a thin needle or catheter is used, which is secured to the ear 
with adhesive tape or a clamp to prevent it from dislodging if the animal moves its head.

In small ruminants, IV injections can be given in the external jugular vein. In fat animals, this vein is poorly visualized 
and in sheep this area needs to be clipped or shaved. For this reason, the cephalic vein is used as an alternative (for the 
technique, see below).

In dogs and cats, the antebrachial part of the cephalic vein is preferred for IV injections as the animal accepts this 
with minimal restraint, and the vein is easy to locate. The animal is preferably placed on a table in the so-called 
“sphinx position” (a sitting or standing position is preferred by some animals and can therefore be more successful, but 
unexpected movements of the animal are more difficult to control).

With one hand, the assistant restrains the head of the animal, turning it away to prevent the animal from biting the face 
of the person injecting. With the arm over the back of the animal, the other hand of the assistant grasps the opposite 
forelimb of the animal at elbow level. In large dogs, the assistant thereby leans on the back of the animal, preventing 
it from sitting or standing up. The assistant compresses the vein with the thumb. In doing so, the entire hand is 
rotated outwards: this causes the slightly medially running cephalic vein to be pulled “on top” of the forelimb for better 
presentation to the person injecting. To prevent the animal from pulling back its limb, the hand and lower arm are kept in 
contact with the tabletop. In cats, a second assistant may be necessary to control the hind limbs.

The forelimb is grasped at the carpus (wrist) by the person injecting (right limb in left hand and vice versa), whereby the 
thumb is positioned parallel to the cephalic vein to prevent lateral movement of the blood vessel. The person injecting 
should not grasp the limb too tightly in an effort to extend the limb (this should be performed by the assistant), as 
this compresses the peripheral part of the cephalic vein, impeding circulation in the vessel. In preparation of the actual 
injection, the connection of the needle to the syringe should be checked, the calibration markings visible, the eccentric 
cone placed against the skin and the inside of the bevel visible. The needle is then advanced through the skin, into the 
blood vessel at an angle of 20-35 degrees. The blood vessel can be punctured directly or the skin next to the blood vessel 
can be penetrated first, followed by puncture of the vein. The latter method prevents flattening of the vein at the time of 
skin penetration, which leads to an increased risk of puncturing the opposite vessel wall. Once the needle has penetrated 
the skin, the plunger of the syringe is pulled slightly backwards to create slight negative pressure in the barrel, so that 
blood is aspirated the moment the needle punctures the vein. At this moment, the needle is advanced slightly further 
into the vessel to ensure that the needle does not slip out when the venous compression is released. Securing the syringe 
against the ball of the thumb after venipuncture allows the absorption of any unexpected limb movements. After the 
assistant has released the compression (but not the limb!), the solution is slowly injected. After the injection, the skin 
is pulled taut over the injection site by the assistant after the needle is withdrawn and kept in this position for a minute. 
The injection site may also be compressed with an elastic bandage for 5 to 15 minutes.
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An alternative location for IV injections is the saphenous vein in the hind limb. In dogs, the lateral, and in the cat the 
median saphenous vein is routinely used. The dog is placed in lateral recumbency and the assistant restrains the upper 
hind limb at the stifle. The thumb is positioned over the patellar tendon, with the fingers around the popliteal area. 
Increased pressure of the hand will raise the lateral saphenous vein. The vein is better visualized than the cephalic vein 
but is more difficult to puncture as proper fixation to reduce lateral movement is more difficult. In cats, the uppermost 
limb is held away by the assistant and the femoral vein is compressed in the inguinal area of the opposite (lower) limb. The 
median saphenous vein is clearly visible through the thin, nearly hairless skin.

The external jugular vein is mainly used in small animals if (a large volume of) blood needs to be sampled, or if the 
injectable substance is too irritating for peripheral injection. For an IV injection in the external jugular vein, the animal 
is placed in the sphinx or in a sitting position. The assistant stretches the neck by lifting the head, turning it slightly to 
the contralateral side of which the jugular vein will be used. If this is done slowly and the neck is not overstretched, this 
generally leads to little resistance.

In cats and small dogs, it may be necessary to restrain the forelimbs, bringing them in a straight line with the head and 
neck, so that the person injecting has sufficient space to place the needle and syringe more parallel to the vein. The 
forelimbs may be restrained by holding them from the back in one hand, with a finger between the limbs. For this, the arm 
is placed over the back of the animal to the other side and brought behind the forelimbs. Particularly in fractious cats and 
dogs, the “stretching” of the head and forelimbs improves the grip as it is more difficult for the animal to use its muscles 
in defense when stretched. It is advisable to restrain the hind limbs separately, or to restrain the hindquarters by pressing 
them with the arm holding the forelimb to the assistant’s upper body.

The external jugular vein runs from the base of the ear to the thoracic inlet. By pressing a thumb flatly across the base 
of the neck, the vein can be raised over the whole length of the neck. There are three methods for locating the vein: 
releasing compression of the vein will show a deflating vein; compressing and releasing the compression while feeling for 
the deflating vein with a finger; flicking a finger against the neck while the vein is raised – if the vein is hit, a pulsation 
can be felt by the thumb compressing the vein. Often, a combination of methods is used. Once the vein has been located, 
the thumb is positioned just below the middle of the lower neck so that it can act as support for the needle (after prior 
disinfection of the thumb with alcohol) and to better prevent the vein from moving sideways. The needle is then inserted 
just above the thumb at an angle of around 30 degrees. During anesthesia, the sublingual vein may be used to administer 
substances or to draw blood.

For insertion of an over-the-needle catheter, the hair coat is clipped and the skin disinfected. Whilst the vein is raised, the 
catheter is inserted until blood appears in the transparent chamber. Next, the catheter is advanced a little further into the 
vessel to ensure that the tip of the catheter (which is slightly shorter than the needle) is also in the lumen of the vein. The 
needle is now held in this position (and certainly not withdrawn), whilst the catheter is advanced further into the vein. The 
needle is then fully withdrawn, and the catheter is flushed and capped if not immediately connected to an administration 
or extension set. The catheter is secured to the skin and protected with a bandage if possible. 

Catheters are placed towards the heart, firstly to avoid turbulence of the inflowing fluid, and secondly because the 
catheter can only pass the venous valves in the direction of the heart. Sometimes resistance is encountered whilst the 
catheter is inserted. This could indicate that the catheter is no longer inside the vessel lumen and could crinkle if advanced 
any further. In this situation, the needle should never be re-inserted into the catheter, as it may puncture the catheter 
and may even cut off part of the catheter, which will remain inside the patient after catheter removal. When encountering 
problems with catheter advancement, the compression of the vein should be lifted and both needle and catheter should 
be removed. To prepare for a second attempt, the needle can be carefully re-inserted into the catheter (if still completely 
intact).

If the bottle or bag is left attached to be emptied completely, depending on the venous pressure, it is possible that blood 
may flow into the catheter, causing it to block (e.g., animal in lateral recumbency), or air may flow into the vein, with a risk 
of air embolism (e.g., standing horse with an IV drip in the external jugular vein). Someone therefore needs to be present 
when the bottle or bag is nearly empty in order to disconnect the administration set or to replace the bottle or bag.
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16.2 Restraint Methods

16.2.1 Introduction

Veterinary surgeons will often need to carry out diagnostic acts (blood sampling, taking X-rays) or treatments 
(giving injections, applying bandages) on animals, thus it is important that the animal will not move (whether lying, 
sitting or standing) and will not resist (kicking, biting). Two major prerequisites for treatment without resistance 
from the patient are calm environment and personnel with experience with the species concerned. Unfortunately, 
these are not always available, and sedation or restraint may be necessary. 

For non-painful interventions, the desired result can be obtained using sedation or restraint. In some cases, 
sedation is not an option; it is, for example, impossible to examine lameness in a horse that has been sedated.

For painful interventions, local anesthesia or sedation in combination with sufficient (local) analgesia may be used 
to prevent resistance.

Figure 7. The twitch is usually placed around the 
horse’s upper lip.

16.2.2 Horses

A commonly used restraint method in the horse is the twitch. A 
twitch is a stick with a loop of rope (8 mm thick, circumference 
of the loop 50 cm) on one end. The loop is passed over the upper 
lip of the horse and is tightened by twisting the stick (Figure 7). 
The pressure on the upper lip causes endorphin release, giving 
the horse a sedated aspect after about 30 seconds, at which 
point it no longer resists treatment. Normally, firm pressure on 
the upper lip is sufficient, although in some cases the twitch 
needs to be tightened more to control the horse. The twitch 
works well for the majority of horses, but in some cases a horse 
resists and may suddenly “explode”. This resistance is most 
commonly observed in horses where the twitch needs to be 
tightened very firmly and in (Arab) thoroughbreds. If the twitch 
is used correctly, the risk of permanent damage to the upper 
lip is small, although repeated use of the twitch may cause skin 
lesions.

A twitch may also be applied to the ear. This may become necessary in horses that do not (or no longer) accept grasping 
of the upper lip. The person holding the twitch should twist the ear with the loop against the horse’s neck but should 
refrain from further pulling at the ear. It has not been demonstrated that the use of the twitch on the ear causes 
endorphin release. Furthermore, the ear twitch may lead to damage of the ear muscles if pulled at and should therefore be 
used sparingly.

An easier restraint method in the horse is grasping a thick fold of skin at the side of the neck or behind the elbow. The skin 
fold is then pulled tightly with the full hand. In foals, the tail base can be grasped in the full hand, pulling it upwards and 
forwards. This upward pulling of the tail reduces the movement of the hind limbs.

In horses that keep lifting the limb requiring attention, another limb can be lifted. For example, by lifting the left forelimb, 
the horse will leave the right fore- and left hind limb on the ground. Keeping the forelimb lifted is hard work for the 
assistant, especially if the horse continues to attempt to lift the limb that is to be examined or treated (even more so if a 
hind limb were to be lifted).
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16.2.3 Cattle

In cattle, “grasping the nose” is often used as a restraint method. The aim is to exert traction to the muzzle. In animals 
with a nose ring, the ring can be pulled. Without a nose ring, the thumb can be placed in one nostril, one or two fingers 
in the other, pulling the muzzle forward. This quickly becomes tiring, and therefore nose tongs are available. With such 
tongs the muzzle can be pulled if necessary, whilst the hand of the operator can relax at moments when the tong needs 
to be slackened.

Pushing up the tail as described for foals is also a useful technique to prevent lifting of the hind limbs in cattle. The tail 
should be grasped near to its base to avoid the risk of fractures.
To prevent forward kicking of the hind limb, a hand can grasp the inguinal fold and pull it up firmly. With so-called “kick 
stops”, often used to stop cows kicking off milking clusters, the same effect is obtained. One end of the adjustable hook 
is placed under the inguinal fold, while the other end is hooked behind the spinal processes of the sacrum.

For treatment of the lower limb, the limb concerned is best lifted and attached in a hoof-trimming crush.

16.2.4 Pigs

Small pigs can simply be restrained in lateral recumbency or lifted up for various treatments. Larger animals can be 
restrained by securing a noose over the upper jaw. The noose should be placed behind the canines so that it does not slip 
off. The pig will resist and pull backwards, after which interventions such as blood sampling can be carried out with ease.

16.2.5 Companion Animals

Restraint methods in dogs and cats are numerous. A few examples will be given here to give an impression of the range 
of possibilities. A calm and confident approach to the patient is a first requirement. Depending on the degree of co-
operation of the animal and the restraint required for the treatment concerned, more or less firm immobilizing grips are 
available. (See also under the descriptions of the various injection techniques, 16.1.3).

Figure 8. The easiest way to restrain the head in 
dogs is to grasp the loose skin at both sides of 
the neck.

In dogs, the main aim is to avoid being bitten. The easiest way is 
to restrain the head by grasping the loose skin at both sides of 
the neck (Figure 8). In certain brachycephalic breeds (Pekinese), 
this grip is not recommended in view of the risk of eyeball 
prolapse. If this does not give sufficient immobilization, a muzzle 
(e.g., cotton band) can be tied around the dog’s snout. Different 
types of commercial muzzles are also available. 

If the dog tries to wriggle or escape, it can be placed in lateral 
recumbency. Good restraint of the lying dog can be obtained by 
holding the limbs nearest to the table whilst standing at the side 
of the dog’s back: one limb in each hand, just above the elbow 
and hock. This makes it virtually impossible for the dog to get up. 
The dog’s head and neck are restrained by placing the elbow (of 
the same arm that holds the forelimb) on the table, securing the 
neck between upper arm and chest. The elbow should not press 
the neck down on the table as this may cause damage to the 
neck (Chapter 20).
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Cats often resist restraint more than dogs. However, a calm approach with a “loose” restraint often gives excellent 
results. If immobilization is nevertheless necessary, care should be taken to avoid both biting and scratching, and 
restraint should be firm from the start – there is often no in-between with cats. Here, too, many options are available. 
If the cat is placed in lateral recumbency, both fore- and hind limbs need to be grasped with a finger between the limbs. 
Stretching the body (see above) leads to a reduced force and causes a less effective resistance of the cat. As in the dog, 
the head can be fixed with the lower arm and/or a muzzle. Muzzles that cover the eyes are especially effective in cats. 
Apparently, this causes a certain degree of calm and acceptance. Often, a second assistant can be useful for proper 
restraint. In this case, it is important for all concerned that if someone loses control, or at the end of the procedure, this 
is notified in time so that everyone can let go at the same time. Cats usually calm down once they are released. To avoid 
being scratched, cats may be wrapped in a towel. For IV injections, a single limb may be extracted.
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17.1 Postoperative Care 

17.1.1 Introduction

The immediate post-operative phase is usually defined as the time period from end of surgery to recovery from 
anesthesia with full return of (protective) reflexes and mentation. This phase is therefore often referred to as “the 
recovery period”. The immediate recovery period is followed by the postoperative period, which can range from several 
hours to several days or weeks in which continued effective pain management and/or supportive care may be required 
to promote healing and maximal return of function. The duration of the (immediate) postoperative phase is variable, 
depending on factors such as the type of surgery performed, health status and underlying specific (co)morbidities of the 
patient prior to surgery, anesthetic protocol adopted and the duration of the anesthesia and surgical procedure.

17.1.2 The Recovery Period

The Confidential Enquiry into Perioperative Small Animal Fatalities (CEPSAF) conducted in the UK between 2002 and 
2004 identified the recovery period to be high risk. Over 60% of deaths attributed to anesthesia occurred in the first 3 
hours after the end of anesthesia. Careful monitoring of every patient during the recovery period is therefore imperative, 
and recovery should be considered an intricate part of the anesthetic procedure. 

Although the underlying reasons for increased risk during the recovery period have not been formally identified, there 
are a number of factors that should be considered. The residual effects of anesthetic agents, together with instituted 
postoperative (narcotic) pain management, continue to exert cardiovascular, respiratory and thermoregulatory effects; 
whilst recovery from general anesthesia has been demonstrated, at least in humans, to have the potential to increase 
tissue oxygen demand considerably. The restoration of normal body temperature, pain or stress-induced sympathetic 
nervous system activity, as well as tissue inflammatory responses to surgery, drive increased metabolism and oxygen 
consumption. Conversely, monitoring and support of the patient is generally decreased during recovery compared 
with anesthesia, giving rise to an increased risk for hypoxemia and possibly tissue hypoxia. Ideally, patients should be 
monitored continuously during recovery, at least until they are in sternal recumbency, alert and normothermic (body 
temperature > 37°C). This requires a person to be stationed in the recovery area to observe and monitor patients. 
Practically, this is very difficult to achieve in most practice situations. Furthermore, oxygen support in the recovery area 
may require some effort to organize (e.g., via a face mask or anesthesia breathing system), depending on the availability 
of an anesthesia machine, pipeline oxygen outlets or portable oxygen source. There may also be a limitation on the 
availability of monitoring equipment that can be dedicated to the recovery area. If equipment and staffing in the recovery 
area is limited, it is preferable to recover high risk patients (e.g., patients at risk of respiratory obstruction or requiring 
oxygen support) in the anesthesia induction area or in theatre until the end points (defined above) are achieved. It 
is recommended to leave an intravenous catheter placed during anesthesia in place at least until the animal is fully 
recovered from anesthesia. This provides an easy and direct means to administer drugs intravenously quickly (e.g., 
additional analgesics or sedatives). 
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17.1.2.1 Equipment That Should be Present or Readily Available in the Recovery Area

• Suction apparatus (e.g., vacuum pump, foot pump) or urinary catheters and a syringe to apply suction to an airway
• Small selection of endotracheal tubes and a laryngoscope to allow prompt re-intubation, if necessary
• Means to provide supplemental oxygen and an Ambu bag or breathing system
• Equipment for placement of an IV catheter
• Bottle of an injectable hypnotic induction agent to allow rapid re-anesthesia and intubation if necessary
• Pulse oximeter 
• Digital thermometer
• Incubator for small patients
• Blanket and/or reflective foil to limit heat loss
• Active re-warming equipment (IR-lamp, hot-packs, heating blankets or forced warm air blankets) 
• Topical eye lubricant – application every 30-45 minutes is recommended in patients that are recumbent and   
 very sedated to prevent corneal drying
• Easy access to a phone and “crash trolley” to organize and execute emergency resuscitation

17.1.2.2 Airway Management and Breathing

In accordance with the ABC-protocol in critical and emergency medicine, special attention should be given to maintaining a 
patent airway, judging the adequacy of spontaneous breathing efforts and the re-institution of protective reflexes during the 
immediate recovery period.

Extubation should generally be delayed until the animal is breathing adequately spontaneously and protective pharyngeal 
and laryngeal reflexes have returned, in order to prevent aspiration of fluids and secretions during the recovery period. 
In dogs, the return of a swallowing reflex signals that pharyngeal and laryngeal reflexes are restored. Cats are prone to 
laryngeal swelling and laryngospasm following extubation. This can be prompted by delayed extubation, resulting in the cat 
coughing whilst the endotracheal tube is in situ. In cats, swallowing appears to return clinically relatively late in the recovery 
period. Clinical signs indicating extubation in cats therefore include lifting of the head and tongue movement. 

Before extubation and cuff deflation on a cuffed endotracheal tube, ensure that any secretions have been removed from the 
mouth and oropharynx. Deflating the cuff on a cuffed endotracheal tube prevents trauma to the trachea and larynx when 
the tube is removed during extubation. In some circumstances, only partial cuff deflation is indicated before extubation. 
Examples include patients in which there are likely to be ongoing secretions in the upper airway (e.g., nasal bleeding after 
biopsy) that cannot be removed by suctioning and may otherwise be aspirated.

In patients at risk of regurgitation during recovery (e.g., patients that have undergone emergency surgery and were not 
starved prior to induction of anesthesia), raising the middle section of the neck (in lateral recumbency) prior to extubation 
limits the flow of gastric content towards the pharynx, and the downward slope from pharynx to nose facilitates gravity-
dependent flow away from the larynx, thus reducing the need for aspiration. 
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Brachycephalic dogs and cats are at a high risk 
of respiratory obstruction following extubation. 
Maintaining the endotracheal tube in place for as 
long as possible can therefore be advantageous. 
Many brachycephalic patients appear to tolerate 
tube placement until later in recovery (e.g., until 
they are in sternal recumbency) much better 
than other breeds. However, delayed extubation 
must be balanced against the risk of promoting 
laryngospasm (especially in cats).

Regardless of the timing of extubation, following 
extubation the breathing pattern must be observed 
for the presence of an obstructive breathing pattern 
(i.e., forced costal inspiration efforts with or without 
stridor). If respiratory obstruction is present, placing 
the animal in sternal recumbency with the neck 
stretched, head raised slightly, and the tongue pulled 
out of the mouth (Figure 1) can relieve upper airway 
obstruction. If the altered position does not resolve 
the airway obstruction immediately, re-intubation is 
indicated (usually necessitating administration of a 
short-acting anesthetic agent such as Propofol). 

17.1.2.3 Ensuring Adequate 
Pulmonary Gas Exchange

SpO2 (hemoglobin saturation with oxygen) 
monitoring is strongly advised and easily realized 
now that hand-held, battery-operated pulse 
oximeters are readily available and relatively cheap. 
This will detect patients with clinically significant 
respiratory depression or inadequate pulmonary 
gas exchange that are not maintaining adequate 
oxygenation (SpO2 > 95%) when breathing room 
air. Supportive oxygen therapy should be instituted 
when SpO2 values are below 93-94% for several 
breaths. The pulse oximeter probe can be placed 
on the tongue (if tolerated) or lip, or across a non-
pigmented skin fold such an ear pinna, vulva, nipple 
or between the digits.  
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Figure 1. Positioning to alleviate a non-patent airway in a 
dog with an obstructive breathing pattern observed after 
extubation. Note the hyperextension of the head and neck, 
accomplished by pulling the maxilla firmly forward and up. 
The tongue is firmly pulled forward and down, lowering the 
mandibula as well. Airway patency is confirmed by visual 
inspection of the oropharynx (not shown) and observation 
of a costo-abdominal breathing pattern without stridor. 
High flow oxygen (green line) is provided. Also note that the 
IV canula was left secured allowing the administration of 
an injectable induction agent if required for re-intubation. 
Further note the positioning of the hands, allowing a good 
grip (just behind the upper canines) even in this heavy dog 
without fingers being located within the dental arch/oral 
cavity. 

Figure 2. Cat face mask supplying oxygen.

Inspired oxygen concentration can easily be supplemented in 
the recovery period by provision of adequate oxygen flow via 
a face mask attached to an anesthesia breathing circuit and 
oxygen supply. Low oxygen flow will not prevent built up in 
the mask of heat, moisture and CO2.
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Patients with residual anesthetic respiratory 
depression generally respond very well (SpO2 
98-100%) to flow-by O2 therapy, which can be 
discontinued when SpO2 levels remain above 95% 
for several minutes whilst breathing without O2 
support. If the initial response to O2 therapy is only 
minor improvement in SpO2, inadequate pulmonary 
gas exchange must be suspected and investigated. 
If higher inspired partial O2 pressures are required 
to maintain adequate SpO2 values, placement of 
either 2 nasal O2 cannulas or placement of the 
animal in an oxygen tent is necessary. Although not 
often performed due to its more invasive nature, 
transtracheal O2 therapy, especially in larger animals, 
may be considered in awake patients when intranasal 
O2 therapy is not tolerated or is inadequate. If an 
arterial catheter was placed during anesthesia 
for the purposes of direct arterial blood pressure 
measurement or arterial blood gas analysis, it is 
prudent to maintain the catheter in situ in patients 
that may require oxygen support in the recovery 
period (Figure 3).

Sequential arterial blood samples can be taken and 
analyzed for arterial oxygen concentration. It is 
important to be aware of the total volume of blood 
that is collected in patients of low body weight 
in order to prevent excessive blood loss through 
repeated sampling. 

Figure 3. A fat brachycephalic dog.

Positioning in sternal recumbency in the post-operative 
period can facilitate spontaneous respiration, especially in 
dogs that are obese. In this image the dog is both obese and 
brachycephalic and was able to maintain adequate oxygenation 
(measured by SpO2) by positioning in sternal recumbency with 
the head and chest elevated using a wedge. SpO2 is measured 
via a pulse oximeter probe placed on the tongue. An arterial 
catheter is placed in the auricular artery (covered by a red 
bandage on the ear) to measure arterial blood pressure and 
allow sampling of arterial blood gases in the post-operative 
period. Inspired oxygen concentration is being supplemented by 
nasal cannulas delivering low flow oxygen.

17.1.2.4 Supporting Cardiovascular Function

Monitoring of the pulse rate and pulse quality should continue during the recovery period in all patients. Continued 
monitoring of blood pressure may be indicated in patients that were hypotensive at the end of anesthesia. It is important 
to be aware that shivering in hypothermic patients can significantly increase oxygen consumption. Support of body 
temperature (and active re-warming if necessary) during anesthesia is therefore important in the prevention of increased 
oxygen demand and shivering in recovery, particularly in patients with cardiovascular disease or critical illness. 

Continuing intravenous fluid therapy during the recovery period (to maintain fluid balance until the animal is able to 
drink and eat) will help to support cardiovascular function. The ongoing maintenance of fluid requirements must be 
considered, as well as any fluid deficits that may persist after the end of surgery (e.g., due to hemorrhage). It may be 
necessary to assess oxygen-carrying capacity, depending on the extent of hemorrhage. Continued monitoring of urinary 
output may also be helpful, particularly in patients at risk of low perfusion or blood pressure during or following surgery. 

Oxygen therapy in extubated patients can take the form of high (2-4 L/min) flow-by O2 (e.g., oxygen is delivered via 
the end of an anesthesia breathing circuit connected to an anesthesia machine) positioned by the animal’s head, nasal 
administration of low flow (100 ml/kg) O2 through a small catheter inserted into the nasal cavity, or high flow O2 (4-8 L/
min) by facemask (Figure 2). In small-sized patients an “oxygen tent” is also a feasible alternative, but as with a tight-
fitting facemask, build-up of carbon dioxide must be avoided and visual observation of the patient must be continuously 
possible, preferably without decreasing the partial pressure of inspired O2.  
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17.1.2.5 Supporting Body Temperature

Post-anesthetic clinical hypothermia [rectal temperature < 36.5 °C] has been reported to occur in over 80% of dogs 
in a large retrospective study. Rectal temperature should be taken at the end of anesthesia in order to establish the 
requirement for support of body temperature during the recovery period. As the rate of descent of body temperature 
has to slow down before temperature can rise, it is not unusual to have the temperature drop somewhat further, despite 
active re-warming methods being applied, before stabilizing and increasing again. Active re-warming is therefore usually 
necessary when body temperature is < 36.5 °C, and it is recommended that temperature is monitored regularly (along 
with continuous monitoring) until body temperature is at least 37 °C. 

External warming can be provided by a variety of means in the recovery period depending on the equipment available. 
Ensuring that the animal is placed in a warm environment on bedding so that it is not in contact with a cold cage or 
kennel floor is imperative. Hot air warming devices (e.g., Bair Huggers) and electric heating blankets (e.g., HotDog) are 
useful in recumbent animals but are often not tolerated once the animal is mobile. Be aware that a recumbent animal 
is unable to move away from an external heating device when it becomes too hot or to prevent skin burns, and it is 
therefore important to ensure that the heating device is not placed directly against the patient’s skin.

17.1.2.6 Ensuring Adequate Mental State and Reflex Activity

The recovery period can be considered complete when the animal is normothermic and the mental state is such that 
the animal responds to verbal commands (calling its name) and is able to swallow and lift its head without assistance 
(ensuring an open airway). The duration until full recovery may vary depending on the anesthetic protocol employed, 
level of external stimulation, and the temperament, character and (co-)morbidity of the animal. Discharging patients 
which appear to be heavily sedated or even anesthetized is strongly discouraged. If the pre-procedural mental state and/
or reflexes were altered before anesthesia, the same level should be approximated after the anesthetic procedure in 
order for the recovery to be considered complete. 

17.1.3 Troubleshooting in the Recovery Period

The recovery phase is characterized by large changes in central nervous system function, including the autonomic 
nervous system. If a deviation from the expected recovery course is observed, a clinical examination should be performed, 
and a differential diagnosis list made and consequently checked.
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17.1.3.1 Delayed Return of Pre-Procedural Mental State

a. Pre-anesthetic mental state 
Dogs with a depressed mental state due to metabolic abnormalities or (suspected) cerebral pathology have an 
increased risk of a delayed return to pre-anesthetic mental state. This is most likely due to less predictable responses 
to anesthesia, as well as decreased capacity of the brain to cope with deviations in cerebral perfusion, oxygenation 
and acid base state induced by the anesthetic and/or surgical procedure.

b. Hypoglycemia 
Common causes of hypoglycemia in the recovery period include: 

i. Low hepatic glycogen production and/or storage capacity: Pediatric and/or low bodyweight patients,  
 as well as patients with inadequate liver capacity (e.g., liver shunt of liver failure), are at increased risk   
 of hypoglycemia, which can present peri-procedurally, especially in patients fasted for more than 6-12   
 hours.

ii. Inappropriately elevated insulin levels: Patients with Diabetes Mellitus that received a full dose of  
 exogenous insulin while being fasted, as well as patients with insulinoma can present with    
 hypoglycemia peri-procedurally. Diabetic patients should routinely receive a reduced dose (1/3 to half   
 the normal dose) of insulin when fasted. In patients with insulinoma, treatment aimed at    
 reducing the release of insulin should be instituted several days prior to anesthesia.

iii. Increased metabolic glucose utilization: Patients with an elevated metabolic rate (i.e., septicemia or   
 large septic process) and certain oncological diseases (leukemia or erythroid leukemia, polycythemia)   
 may present with hypoglycemia.

Regardless of the underlying cause, when hypoglycemia is suspected or the patient is at risk of hypoglycemia, blood 
glucose should be checked at regular intervals (also during anesthesia); and upon diagnosis should be immediately 
corrected with intravenous glucose (dextrose) or buccal glucose if IV access has not yet been established. In 
critically low hypoglycemia, monitoring intervals should be decreased to every 10-15 minutes until glucose levels are 
restored.

c. Hypothermia, hypovolemia and inadequate gas exchange can result in a delayed restoration of mental state 
caused by neuronal dysfunction. These conditions should be corrected swiftly (see above, 17.1.2.3-5, for treatment).

d. Inadvertent dosing of drugs: High-end dosing of long acting and non-reversible drugs (i.e., Acepromazine, Ketamine, 
Pentobarbital) can either directly or indirectly (through associated side effects) give rise to delayed recovery. Side 
effects should be checked for and appropriately dealt with, whilst the animal should receive general supportive care 
until the drug effects have waned. Alpha-2 agonists are one class of drug for which a reversal agent (Atipamezole) 
is very readily available. The routine reversal of alpha-2 agonists administered for premedication is recommended in 
most circumstances. 

e. Pain management: Inadequate as well as overly aggressive pain management, especially with narcotic analgesics, 
can result in delayed recovery from anesthesia (see under postoperative pain management, 17.2).
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17.1.3.2 Excitation/Aggression/Delirium/Seizures

Dysphoria and excitation/aggression can sometimes be observed in recovery and should be swiftly dealt with to prevent 
the animal and personnel from harm.

a. Excitation, delirium or aggression: As with a depressed animal, inadequate pain management can give rise 
 to excitation or even aggression, and some anesthetic drugs (e.g., dissociative anesthetics and etomidate) are  
 associated with “rough” recoveries. The amount of external stimuli during the transition from sleep to awake  
 is implicated in the frequency and intensity of the excitement. Inadequate residual sedation resulting from   
 drugs administered as part of premedication protocols can also promote an excitable recovery, particularly when  
 Alfaxalone is used as the induction agent. 
 
 The management of excitable recoveries should focus on keeping people out of harm’s way and preventing   
 the animal from harming itself, whilst bearing in mind the potential underlying cause. If intravenous access   
 was maintained or could be quickly (re)established, the administration of a sedative is a pragmatic approach to  
 management of an excitable recovery (e.g., low dose Dexmedetomidine 1-2 µg/kg IV or a low dose of Propofol   
 or Alfaxalone (1-2 mg/kg)) in order to immediately calm the animal and prevent self-trauma. The drug selection  
 will depend on the health status of the patient. The maintenance of spontaneous respiration should be   
 confirmed, and it is important to be aware that transient re-intubation and ventilation (e.g., via an Ambu bag)  
 may be required in some patients. The provision of oxygen supplementation is good practice. Rapid management  
 of excitable recoveries is very challenging if only IM administration of drugs is possible.  
 
 Dexmedetomidine (5 µg/kg), Methadone (0.3-0.5 mg/kg) or Alfaxalone (unlicensed by IM administration)  
 (1-2 mg/kg) can be considered. Once sedation has occurred, an IV catheter should be placed and secured. The   
 next step is to ascertain the underlying reason for the poor recovery. For example, poorly controlled pain should  
 be managed through the administration of a fast-acting opioid (e.g., Methadone). Opioid-induced dysphoria   
 (caused by opioid overdose during anesthesia) is commonly amenable to administration of a low dose of   
 Acepromazine (10-20 µg/kg IV) or Dexmedetomidine (1-2 µg/kg IV).  
 
 A useful technique in differentiating between opioid excitement and inadequate pain control is to try to get the  
 animal to respond to visual or verbal cues. An animal in pain will generally be responsive, whereas during an   
 episode of opioid excitement it is (nearly) impossible to establish contact with the animal immediately and they  
 appear dazed. Some patients “recover poorly” from anesthesia; often recovery after re-sedation is smoother and  
 more controlled, although the reasons for this are unclear.  
 
 Other causes of a poor recovery include bandages that are too tight and a distended bladder. These should be   
 checked and managed if appropriate.

b. Seizures 
 Patients with epilepsy or confirmed intracranial pathology that is likely to increase intracranial pressure have   
 an increased risk of seizures during recovery. It is imperative that IV access is established in these patient groups  
 and that the catheter is left in place during recovery. Attaching an extension line to the catheter to allow drug   
 administration even if the patient is moving is also prudent.  
 
 It can be very challenging to differentiate seizures from abnormal movements due to excitation or dysphoria   
 in the recovery period. Classic seizure activity usually presents as rhythmic or stereotypical limb movements,   
 whereas excitation or dysphoria is less controlled. The immediate goal of seizure management is to stop seizure  
 activity in order to prevent damage to the central nervous system. This can be achieved by IV administration  
 of a Benzodiazepine, Propofol or Alfaxalone. Re-intubation of the patient is often necessary to ensure a patent  
 airway, and oxygen supplementation is advised. Hypoglycemia should be checked for and treated if present.   
 Further management of seizure activity will depend on the underlying cause.
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17.2 Postoperative Pain Management

Immediate postoperative pain management should ideally be incorporated in a peri-anesthetic pain management plan, 
with postoperative pain management being a rational continuation of the intra-operative analgesia provided. Peri-
anesthetic pain management is selected based on the predicted requirement for analgesia given the type, duration 
and invasiveness of the planned procedure. Pain management should be adjusted based on relevant deviation from the 
planned procedure, reflex activity observed upon surgical stimulation and pain assessment (i.e., need of analgesia required 
as judged by the observer) once the animal is recovering. An integral peri-anesthetic pain management approach further 
allows for the anticipation of a delayed onset or the time required to establish effective drug levels at the target organ 
(i.e., NSAIDs). This facilitates timely administration, which ensures adequate and effective drug levels at the desired time 
(for instance, return of consciousness).

If no analgesia plan is “in place” and analgesia is given on the basis of pain assessment alone, there is a danger that 
analgesics are only given when the animal is in pain. This is detrimental to patient welfare and drives upregulation of pain 
pathways and heightened pain sensitivity, further increasing the requirement for analgesia.

17.2.1 Factors Affecting the Requirement for Analgesia Postoperatively

• Preoperative pain level: Preoperative pain is commonly a predictor for the level of postoperative pain, because if 
the animal is in pain before the start of surgery, the upregulation of pain pathways (peripheral and central 
sensitization) will be established. Exceptions include patients with fractured limbs. Prompt stabilization of 
fractures is usually associated with significantly increased patient comfort post-surgery because the movement 
of the bone fragments is reduced or eliminated.

• Type of surgery: More invasive surgeries are associated with greater tissue trauma and therefore inflammation, 
which is a key driver of postoperative pain. Minimally invasive surgery (e.g., laparoscopy, thoracoscopy) therefore 
often leads to greater patient comfort postoperatively compared with open techniques.

• Pre-and intra-operative analgesic administration: Good preventive analgesia strategies obtund peripheral and 
central sensitization caused by surgical trauma, with a subsequent reduction in postoperative pain (as long 
as analgesic drug administration is continued after surgery in a timely manner). Knowledge of the duration of 
analgesia provided by drugs administered pre- and intra-operatively facilitates the prediction of the timing of 
analgesia administration postoperatively. Regional analgesia provided with longer acting local anesthetics, like 
Bupivacaine, are likely to provide analgesia for up to 6 hours after administration; epidural Morphine will provide 
analgesia for up to 24 hours after administration. The requirement for systemic analgesia often increases 
once the effects of loco-regional anesthesia blocks have waned. Transdermal Fentanyl solution (Recuvyra™) 
administered before surgery (recommended time of administration is 2-4 hours before induction of anesthesia) 
will provide a long duration of opioid analgesia (96 hours). It is important to be aware, however, that this 
product is only licensed for use in dogs and should be reserved for patients where moderate to severe pain is 
expected for up to 4 days after surgery (Figure 4).
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17.2.2 Recognition and Quantification of Pain

Recognizing and quantifying acute pain is a prerequisite in effective pain management. Veterinary nurses or animal 
care staff are well placed to assess pain in patients because of their regular contact with the animal and knowledge of 
changes in behavior over time (e.g., before and after surgery, or variations in behavior during the day related to analgesic 
drug administration). Involving these staff members in pain recognition and quantification can therefore improve pain 
management within a practice.

We currently rely on changes in behavior to detect pain in animals. Although changes in physiological parameters such 
as heart rate and blood pressure may occur in animals that are in pain, this is not always the case. Physiological changes 
occur in the absence of pain; for example, an increase in heart rate may be associated with stress or anxiety, whilst 
patients experiencing pain may have a normal heart rate). Physiological signs alone should therefore not be relied upon 
when assessing pain in an animal. 

There are a number of confounding issues that make pain assessment challenging in dogs and cats that are hospitalized:

1. Stress and anxiety associated with hospitalization can mask changes in behavior caused by pain. Knowledge 
of the animal’s normal behavior and temperament can facilitate recognition of behavioral signs of pain in 
anxious patients. Wherever possible, it is important to try to limit stress and anxiety due to hospitalization. For 
example, it is recommended that there are separate cat and dog wards as cats become stressed when caged in 
auditory and visual contact with dogs. The environment should be kept as quiet and calm as possible, with the 
lighting kept low overnight so that the animals can sleep.

2. It is important to be aware of species differences in the behavioral expression of pain. Cats often hide and 
show an absence of normal behaviors when they are in pain; dogs are more likely to express new behaviors (e.g., 
attention seeking). The absence of normal behavior in any animal should alert you to the possibility that the 
animal is in pain.

3. The residual effects of anesthesia drugs can cause sedation that confounds pain assessment. Try to 
differentiate a patient that is comfortable on clinical examination from an animal that is sedated and 
unresponsive but might be showing subtle signs of pain (e.g., abdominal pain can cause abdominal splitting 
during palpation in a sedated patient, even though the animal is unable to move away from you).

4. Analgesia drugs such as opioids, Ketamine and Alpha2-adrenergic agonists can cause altered behaviors that 
similarly confound the behavioral assessment of pain.

• Patient temperament, pain history: There is a large 
variation between individual patients with regard 
to analgesia requirements, even when similar types 
of surgeries are carried out. This may depend on the 
individual’s pain history (i.e., is the patient experiencing 
chronic pain at the time of surgery?), individual 
temperament and vulnerability to pain. Anxious 
patients are likely to experience pain more severely than 
confidant animals, and pain itself can make patients 
more anxious. It is therefore important to assess 
the adequacy of pain management (i.e., pain- and/or 
analgesic-related side-effects) regularly in every animal 
after surgery, and to be prepared to adjust analgesic 
administration (either reduce or increase the dose) or 
institute supportive measures if indicated. 

Figure 4. Transdermal Fentanyl patch 
administered before surgery will provide a long 
duration of opioid analgesia in the dog.
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17.2.3 Tips to Improve Behavioral Assessment of Pain

Pain has both sensory (pain location and intensity) and emotional components (fear, anxiety, depression), and it is 
important to evaluate both aspects of the pain experience in animals. This can be achieved by adopting a rigorous 
approach to pain assessment as follows:

• Initially look at the animal from outside of the kennel / cage and observe how it is interacting with its 
environment and where the animal is positioned in the cage. This can give information about an animal’s “mood” 
(emotional component) which, although it may sound very anthropomorphic, can give an indication as to 
whether the animal is suffering as a result of pain. Ask the animal care team / nursing team how the animal has 
behaved since the last pain assessment to gain more information, rather than just a single “snapshot” in time.

• Observe whether the animal is sleeping, restless and whether it has eaten (if applicable). This provides 
information about both the emotional component of pain and pain intensity. Animals that are in pain will often 
have abnormal sleep-wake patterns, may not want to lie down or get up, or do not relax in their kennel / cage.

• Open the cage / kennel door and try to interact with the animal. Is the animal responsive and interactive? 
Will the animal play with toys if offered (e.g., cats)? It is important to be careful with animals that are 
potentially aggressive, but also to be aware that pain may cause aggression in animals that are normally friendly 
and easy to handle, particularly in cats.

• Gently feel and palpate around any wound or painful area (Figure 5) to ascertain signs of increased sensitivity 
to touch or pressure, which is indicative of hyperalgesia and thus central sensitization. This is a key component 
of rigorous pain assessment, and it must be dynamic and interactive. It is not uncommon for animals to look 
comfortable from outside of the cage, but hypersensitive to touch and pressure when the area around the 
surgical site is palpated, thus indicating pain. At the same time as pain assessment, the level of sedation in 
the patient should be assessed objectively. This will inform the magnitude of behavioral responses that can be 
expected.

17.2.4 
Quantification of Pain (Pain Scoring)

Figure 5. Palpating a cat wound.

Pain assessment should be dynamic and interactive. 
An aversive response while palpating gently around 
the surgical wound will detect secondary mechanical 
hyperalgesia (increased pain sensitivity in the area of 
uninjured tissue) indicative of inadequate analgesia.

Implementation of pain scoring can be very helpful for 
improving pain management in practice, as it demands 
that pain is rigorously and regularly assessed, and that 
attention is focused on this aspect of postoperative care. 
Assigning a pain score also allows more accurate tracking 
of changes in the level of pain over time and in response 
to analgesic drugs and can be used to more formally guide 
the administration of analgesic drugs. It is very useful 
in the implementation of “rescue” analgesia strategies; 
for example, you may ask for a patient to be given an 
additional dose of opioid if the pain score is imaginary 
number X (depending on what pain score is used) after a 
first dose of analgesic combined with reassessment 30 
minutes later. It may also provide a structure for analgesic 
drug administration to be delayed; for example, if the pain 
score is less than X, then an analgesic drug should not be 
administered, and the patient should be reassessed one 
hour later. Pain scoring can therefore help to avoid both 
under- and overdosing of analgesic drugs. It is important 
to be aware, however, that effective pain scoring relies on 
the accurate behavioral assessment of pain.
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17.2.4.1 Pain Scoring Tools for Dogs 

Composite pain scales are newly developed pain scoring tools for dogs and aim to assess both the intensity and the 
emotional component of pain. The best validated and most widely used pain scale for dogs is the Glasgow Composite 
Pain Scale (GCPS), developed by researchers at the University of Glasgow and freely available to download from their 
website. The scale requires the sequential assessment of the animal in a similar manner to that described above (17.2.3). 
The GCPS includes a number of different questions, each with four or five different possible responses that accrue a 
different score. Dogs that are ambulatory can accrue a maximum possible score of 24; non-ambulatory dogs can accrue a 
maximum score of 20. Research has been carried out to define a criterion for the administration of additional analgesics 
(rescue analgesia), and it is currently recommended that analgesia is administered when dogs score ≥ 5/20 or ≥ 6/24. 
However, using the GCPS is helpful irrespective of whether a score is assigned or not, as at the end of the assessment it 
is generally possible to reach a conclusion as to whether or not the animal is in pain and therefore may or may not require 
analgesia. 

As with all currently available pain scoring systems, the GCPS does not differentiate very well between pain and sedation, 
and animals that are very sedated tend to score highly. It is therefore prudent to use a “sense-check”: if the animal 
appears to be comfortable and very sedated, additional analgesia should not be administered, even if the score is high.

17.2.4.2 Pain Scoring Tools for Cats

Until recently there was less research to support pain scales developed for cats, although two composite pain scales that 
have undergone evaluation are now available. 

The UNESP-Botucatu Multidimensional Composite Pain Scale for assessing postoperative pain in cats is relatively simple 
to use and is freely available on the web. A slight disadvantage is that it requires measurement of blood pressure as part 
of the scale, which can be problematic to undertake singlehanded in awake cats. The total possible score that can be 
awarded to a painful cat is 30, and it is advised that rescue analgesia is administered when a cat scores ≥8. 

An alternative, simpler, composite pain scale for cats is the Colorado State University Feline Acute Pain Scale. This is also 
freely available on the web and provides a structure through which pain can be quantified in cats.

17.2.4.3 Frequency of Pain Scoring

Pain can be assessed at any time (informally) during normal animal care practices whilst the animal is hospitalized. The 
frequency of formal pain scoring will depend on the individual patient and how challenging effective post-operative pain 
management is expected to be. It is good practice to formally assess pain during recovery, and then to time reassessments 
based on comfort level in recovery and the time of administration of the next analgesic drug. Practitioners should plan to 
assess pain prior to analgesia being next administered, as a higher score indicates that more frequent assessment before 
subsequent regular analgesia dosing is needed, and that the analgesic dose may need to be intensified (i.e., increase of 
dose or decrease of interval). Alternatively, the addition of an analgesic with a different mode of action (i.e., multi-modal 
analgesia) can be considered, particularly when the intensification of single drug dosing is associated with side effects. 
If the animal is judged to be in pain before planned analgesic administration or pain cannot be ruled out, an analgesic 
trial should be strongly considered, consisting of titrated analgesic intervention with reassessment of the pain score 
15-30 minutes after administration. If the animal is then judged to be more comfortable, it is very likely that the animal 
was experiencing pain prior to the intervention. If the animal is not judged to have improved or is showing associated 
side-effects, it is very likely that the animal was not experiencing pain prior to the intervention, and the analgesic dosing 
scheme may therefore be adjusted appropriately until the next reassessment.
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17.3 Pharmacological Management of Acute Pain

Only a brief overview of the principles of the pharmacological management of acute pain is provided here. Good sources 
of information about pain management in cats and dogs are provided at the end of this chapter.

17.3.1 Principles of Effective Pain Management

1. Postoperative analgesia starts pre-operatively! Use an integral early intervention analgesia strategy; i.e., provide  
 analgesia early and continue throughout the perioperative period. 

2. Use a multi-modal analgesia technique. It is recognized that analgesia regimens incorporating different classes 
of analgesic drugs that act on different receptor and neurotransmitter targets provide better analgesia 
than using a uni-modal technique. Multi-modal techniques also allow more comprehensive analgesia to be 
provided. For example, systemic opioids are generally short acting (1-6 hours) but have a quick onset of action. 
Conversely, NSAIDs have a long duration of action (24 hours) but there is a delay of 30-60 minutes after 
administration before they become effective.  

3. Use loco-regional techniques to supplement systemic analgesia (provided by opioids) if possible. For example, 
administration of a brachial plexus nerve block for surgery distal to the elbow, a femoral and sciatic nerve 
block for surgery distal to the hip. These techniques reduce the magnitude of the surgical stress response, 
contribute to a balanced anesthesia technique, allow a reduced concentration of volatile anesthetic agents 
during anesthesia, and contribute to post-operative analgesia. In the immediate postoperative period, they 
enable lower doses of opioids to be used, or may allow for the administration of a partial µ agonist opioid rather 
than a full µ agonist opioid (generally be associated with a reduction in side-effects such as sedation and mild 
hypothermia). 

4. Build analgesia protocols in a logical manner as follows: 

a. Opioids form the backbone of analgesia regimens. They have proven efficacy and cause minimal 
hemodynamic effects. Opioids are very flexible drugs, and the dose and dose interval can be adjusted 
to provide optimal pain relief for the individual patient. Some opioids can be administered by 
continuous rate infusion (CRI) (e.g., Morphine, Fentanyl), which can provide better pain relief with a 
lower total dose of drug compared to bolus dosing. 

b. NSAIDs provide very effective acute pain relief and form a valuable component of perioperative 
analgesia regimens. NSAIDs should preferably be administered to surgical patients (unless contra-
indicated in an individual patient) prior to surgical tissue damage being induced. Be aware that 
NSAIDs are single shot analgesics – once the licensed dose has been administered it cannot be 
repeated before the licensed dose interval (usually 24 hours).

c. Loco-regional techniques can only be administered to heavily sedated or anesthetized patients. They 
are rarely an option for supplementing analgesia in the recovery period unless a catheter has been 
placed (e.g., a wound catheter for repeated administration of local anesthetics to a surgical site, 
placement of an epidural catheter, administration of local anesthetics down a chest drain). Planning 
of the use and implementation of these techniques should therefore be undertaken prior to surgery. 

d. Adjunctive analgesics (e.g., Ketamine, Lidocaine, Dexmedetomidine) can be useful in providing 
supplementary analgesia to patients in moderate to severe pain that is poorly controlled with opioids 
and NSAIDs. However, there is a poor evidence base on which to justify dose and studies documenting 
analgesic efficacy are weak. These drugs generally need to be given by (CRI) intravenously, and careful 
monitoring of the patient (sedation, pain) is essential. They should not be instigated unless a good 
background of opioid analgesia is established.
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17.3.2 For How Long Should Analgesia Administration Be Continued Postoperatively? 

17.3.2.1 Systemic Analgesia with Opioids

The duration and dose of systemic opioid analgesia in the postoperative period depends largely on pain assessment 
findings, observed side effects and how long the patient is hospitalized before discharge to the owner. However, if the 
provision of adequate pain management requires systemic opioid analgesia, hospitalization of the animal for provision 
of adequate analgesia only is (still) indicated. An exception to this may be dogs that have been treated with Transdermal 
Fentanyl Solution: this provides 96 hours of opioid analgesia after a single dose, thus allowing dogs to be discharged to 
their owners with effective opioid analgesia. 

When stopping opioid analgesia, if the animal has been receiving a full µ opioid agonist (e.g., Methadone) 
postoperatively, it is precautionary to transition to a partial µ agonist (e.g., Buprenorphine) before stopping opioid 
therapy completely.

17.3.2.2 NSAID Therapy

The data describing the optimal duration of NSAID administration after routine surgeries is currently very limited, and 
it varies widely amongst veterinary surgeons and practices. It is important to remember that both inadequate pain 
control (no NSAID) as well as pain control (NSAIDs) are associated with side-effects, and therefore both unnecessary 
administration and the withholding of NSAIDs (without an effective alternative) may be detrimental. 

Decision-making should be informed by the invasiveness of the surgery, the expected magnitude of inflammation and 
the period required for tissue healing. In the opinion of the authors, routine open ovariohysterectomy and castration in 
dogs and cats warrant ongoing NSAID therapy in the home environment ranging between 2 -3 days (castration) and 5 
days (ovariohysterectomy) after surgery. Orthopedic procedures should probably be followed by 14-28 days of NSAID 
therapy, although data to support this statement is lacking. It is important to bear in mind, however, that in orthopedic 
procedures, the anti-inflammatory properties of NSAIDs may be indicated for a longer duration than the (associated) 
analgesic properties.

17.3.2.4 Tramadol

There has been an upsurge in the popularity of oral Tramadol for acute pain management in dogs and cats, although 
the drug is unlicensed in animals. A limited number of studies have shown some benefit to the use of Tramadol in dogs 
and cats, although analgesia is very variable between animals and side-effects (e.g., dysphoria, sedation, nausea) are 
common. An NSAID should be administered in preference to Tramadol if possible. Furthermore, most studies fail to 
show increased analgesia provided by oral Tramadol combined with an NSAID compared to an NSAID alone. The routine 
administration of Tramadol and an NSAID is therefore unwarranted in most animals. Oral Tramadol is very bitter and is 
therefore not tolerated by most cats, even when given disguised in food or in gelatin capsules.
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17.4 Discharge to the Owner 

Animals should not be discharged to their owner until they are normothermic, ambulatory and alert, even if discharge 
is on the same day as surgery. When animals go home on the same day as anesthesia and surgery, the owner should be 
informed of the following with regard to anesthesia and pain management:

1. Feeding: The owner should offer their pet a small amount of their usual food in the evening but should not be  
 unduly concerned if their pet does not eat. The veterinary surgeon should be contacted if their pet is still  
 unwilling to eat the following day. 

2. Water: Leave water in a readily accessible place to facilitate drinking. 

3. Pain: Advise the owner about likely signs of pain in their pet. Owners should be asked to contact their vet if  
 their pet appears to be in pain despite analgesic drug administration. 

4. Analgesic drug administration: Ensure that the owner is informed about when the next dose of analgesia  
 (most likely an NSAID) is required. Make the owner aware of NSAID related side effects and instruct them  
 on how to act if side effects are observed. It should be stressed that if the owner thinks the animal is still in  
 pain following the prescribed dose, they should contact their vet rather than giving another dose prematurely.  

5. Sedation: The pet may be slightly sleepy at home, partly because hospitalization is not very restful. However, if  
 the pet is very sedated and cannot easily be aroused, the owner should contact their vet.

17.5 Conclusions

Delivery of a high standard of care in the recovery period is an essential component of optimal anesthesia in all 
patients. The recovery period has been identified as being a high-risk period for anesthesia-related deaths; however, 
implementation of simple measures, such as continued patient observation and monitoring of body temperature and 
pulse, as well as provision of basic supportive care (when indicated) will contribute to improved care in the recovery 
period and likely lower the risk of adverse events. 

Good pain management is also a prerequisite in ensuring patient comfort and wellbeing. This requires recognition and 
quantification of pain, combined with an individual approach to pain management. Analgesic delivery should be tailored 
to pain severity and any observed side effects in the individual patient. The combination of managing side effects 
whilst preserving analgesic efficacy when administering an analgesic forms the basis of administering effective pain 
management.
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18.1 Introduction 

Surgical patients receive pre- and postoperative care to optimize the chance of a rapid and uncomplicated recovery. 
They may receive oxygen, fluids, anti-inflammatory drugs, and other medications to ensure a hemodynamically and 
metabolically stable patient during and after the surgical procedure. However, nutritional assessment and management 
of nutrition are rarely considered in the therapeutic plan. Nutritional assessment should be performed on every surgical 
patient at every consultation/evaluation as nutrition is critical for maintaining patient health, as well as for improving 
their response to disease and injury. As in people, the positive impact of proper nutrition on health and disease is well 
established in veterinary patients, resulting in shorter hospitalization times and better outcomes. 

18.2 Pre-Operative Management

Most healthy patients can cope with a short period (6-12 hours) of food deprivation prior to surgery. Nutritional 
support prior to surgery should be considered in patients that already have an increased metabolic rate (i.e., young, 
growing animals), patients that have a history of anorexia or hyporexia, patients with metabolic abnormalities (i.e., 
hyperlipidemia, diabetes mellitus, hyperadrenocorticism, obesity, cachexia (underweight animals)), and individuals 
suffering from severe trauma or infections.  

Hypoglycemia is a risk factor for small animals, especially newborns, and should be monitored and corrected in all stages 
(pre-, intra- and post-operatively).

Although previously healthy patients have some reserves of energy and protein that allow them to survive and their 
wounds to heal without exogenous nutritional support, these reserves are limited, especially in neonates, birds and 
rodents (hence these animals should not be fasted prior to surgery). Surgeons must be aware of these limits, must 
constantly monitor the nutritional status of their patients pre, intra-, and post-operatively, and must ensure that 
nutritional support is provided when necessary. This is particularly relevant for patients who are already undernourished, 
and for those undergoing major GI surgery that may not be able to tolerate a regular diet during the critical first 1-2 
postoperative weeks. Surgical procedures (if possible) are preferably postponed until the patient is no longer in a 
catabolic state (i.e., after 3 days of assisted feeding).

18.3 Metabolic Alterations in the Surgical Patient

Healthy patients adapt their metabolism to food deprivation. First, the glycogen stores are broken down by 
glycogenolysis. As starvation progresses, fatty acid oxidation and ketone bodies will be the predominant fuels for energy. 
Metabolism slows down (hypometabolism), and the body catabolizes fat tissue and spares lean tissue by using muscle 
lactate rather than muscle amino acids for gluconeogenesis. Finally, after about 3 weeks of starvation, muscle protein 
breakdown will become significant for gluconeogenesis and energy production.

After surgery, injury, or infection, the stress response occurs, resulting in an altered metabolic state and the onset of a 
catabolic process leading to excessive breakdown of tissue proteins (hypermetabolism). Furthermore, during illness or 
after trauma, food intake frequently falls without the adaptive response seen in healthy animals. The altered metabolic 
state and subsequent hyporexia/anorexia results in a state of protein-energy malnutrition. Insulin resistance develops 
and hyperglycemia commonly occurs despite adequate food intake. The expression of cytokines, production of acute 
phase proteins, synthesis of scar tissue, and synthesis of immunoglobulins all contribute to increasing the patient’s 
protein needs. Increased protein need and decreased intake results in lean tissue breakdown, delayed wound healing, 
decreased protein synthesis, hypoalbuminemia, and decreased immune function, which ultimately results in systemic 
inflammatory response syndrome and/or multiple organ dysfunction syndrome.

18 - NUTRITIONAL MANAGEMENT
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Nutritional support is critical as it:

• Limits the severity of this loss of tissue proteins
• Prevents enterocyte atrophy with increased bacterial translocation and nutrient malabsorption
• Prevents cardiac myocyte atrophy with decreased cardiac output and ventricular dysrhythmias
• Prevents respiratory muscle fatigue with hypercapnia and respiratory acidosis,

thereby improving clinical outcome. To switch to an anabolic state after having been in an altered metabolic, catabolic 
state, requires at least 3 days of nutritional support. Although the metabolic response to surgery is not likely to be 
as severe as would be expected from illness, an increase in metabolic rate has been demonstrated in humans after 
undergoing simple elective surgery. It is therefore beneficial to prescribe recovery food for the first 3 days after surgery.

In veterinary medicine, one has to be proactive and insert a feeding tube when in doubt as to whether or not the patient 
will start eating postoperatively. This saves the patient from the risk of a further anesthetic procedure, and the patient 
will benefit from early nutritional support as it can be provided easily and without causing stress to the patient by force 
feeding. Also, the food aversion which may occur with force feeding is unlikely to develop with tube feeding and makes it 
possible to start feeding the diet that is most optimal for the patient’s condition.

18.4 Postoperative Management

Postoperatively, body weight, body condition score, and muscle condition score should be monitored daily. The patient 
should be checked for appetite and gastrointestinal signs, overall appearance and activity. 

• Is the patient able to eat? 
• Is vomiting or diarrhea present that can increase nutrient loss or prevent nutrient absorption? 
• Is there excessive loss of protein (i.e., proteinuria, protein-losing enteropathy, burns, wound exudates)?   

Before (assisted) feeding can be initiated, the patient should be hemodynamically stable. Fluid balance and electrolytes 
should be checked and correct if necessary. Water intake must be between 50 and 100mL per kg body weight per day 
(see Chapter 17 on postoperative care and pain management). Underlying disease, medications (e.g., opioids, antibiotics) 
and stress due to hospitalization may be contributory causes of anorexia. 

Treatment of the underlying disease may improve appetite. Feeding during hospitalization requires a quiet environment 
with normal daylight schedules. Feeding the diet that the patient eats at home is more likely to be successful rather 
than introducing a new diet; neophobia may even cause learned aversion to the new diet. Increasing palatability (e.g., by 
adding flavors, warming the food, offering fresh food or adding water) is also important. The author does not recommend 
appetite enhancing drugs because of the side-effects.  

The feeding route should be determined based on the flow chart shown in Figure 1.

18 - NUTRITIONAL MANAGEMENT
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Figure 1. Flow chart of feeding routes

18.5 How Much to Feed

The patient should at least meet its resting energy requirement (RER), which can be calculated by 293 x (body weight)0.75 
in kJ metabolizable energy (ME) per day for dogs and cats. In horses the RER can be calculated by (body weight x 0.021) + 
0.975 in MCal digestible energy (DE) per day.

In contrast to feeding strategies for weight loss, obese patients should be fed based on their current body weight when 
recovering from illness.

When a feeding tube is inserted, the patient can be fed the chosen diet. The amount should be increased gradually. The 
general approach is 33% of RER on day 1, 66% of RER on day 2, and from then on at full RER. Feed multiple small meals 
per day, especially in jejunostomy tubes. Inject the food slowly or use continuous rate infusion (CRI) of liquid diets to 
prevent overload and/or irritation of the mucosa that might evoke a vomiting reflex. 

If you are in doubt as to whether there is active peristalsis, check residual volume before administering another bolus of 
food (initial boluses should be 5-10 mL/kg body weight). Prokinetics can be administered (i.e., Metoclopramide 1-2 mg/kg 
body weight/day IV CRI or 0.2-0.4 mg/kg body weight SQ 3 times daily). 
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Regularly check glucose, potassium, phosphorus and magnesium concentrations to monitor for re-feeding syndrome 
(hyperglycemia, hypokalemia, hypophosphatemia, hypomagnesemia) and correct if necessary.

18.6 What to Feed

Increased protein catabolism is only one of the factors that increase protein requirements in surgery patients. Proteins 
are needed for tissue repair as well as immune response and should constitute at least 30% of the total caloric intake. 
The fat content can be more then 50-60% of the calories as long as there are no contraindications for high fat diets (i.e., 
gastrointestinal upset, pancreatitis). The daily protein need for rabbits is 1-2 g per kg body weight; in dogs it is 2-3 g/kg 
bodyweight; in cats it is 3-4 g/kg body weight; in horses it is 40 g per MCal DE.

Diets high in energy and protein are preferred if the patient is able to tolerate it. Feeding high carbohydrate food is 
contraindicated because it contributes to hyperglycemia in the catabolic state. Patients suffering from severe renal 
insufficiency or hepatic encephalopathy cannot tolerate high protein diets. High fat diets are contraindicated in patients 
with hyperlipidemia, pancreatitis, or intestinal disease. 

Liquid diets may cause transient diarrhea due to a lack of fiber. Supplementing fiber or fat may slow gastric emptying 
time and improve fecal consistency.  

Recovery nutrients may benefit the patient during recovery, although further evidence is needed to prove their 
usefulness. 

Arginine enhances the T-cell response and increases the number of T-helper cells in trauma and infection, including 
surgery. It promotes nitrogen retention, protein turnover, the conversion of ammonia into urea, and wound healing. 
Furthermore, arginine is essential for mediating vascular function as a precursor of nitric oxide and is an essential amino 
acid for dogs and cats. The arginine level has to be sufficiently high for parenteral feeding, which is not always the case 
with human products.

Glutamine is one of the most important amino acids in the body. It supports intestinal cell health and builds up 
immunity. However, glutamine is not fully synthesized by a patient under stress, and certainly not after stress induced 
by surgery. Glutamine is also an important substrate for the synthesis of glutathione (antioxidant) and gastrointestinal 
mucus. Glutamine supports intestinal activity and the immune system (by stimulating the synthesis of specific acute 
phase proteins) and shortens the recovery period after surgery. Rapidly dividing cells (fibroblasts, lymphocytes and 
intestinal epithelial cells) have a high glutaminase activity and therefore use a lot of glutamine. Glutamine is also known 
as the fuel of the enterocyte. Numerous studies demonstrate the effect of glutamine on wound healing and repair.

Taurine promotes the healthy development and functioning of the immune system. It helps fight cellular attack from 
oxidative stress (antioxidant) and plays a major role in bile conjugation, retinal function and the normal functioning of 
the myocardium. Taurine is necessary for healthy reproductive activity in cats and dogs. 

Long chain, polyunsaturated Omega-3 fatty acids offer potential health benefits. They have an anti-inflammatory effect 
by altering eicosanoid synthesis and cytokine expression. Omega-3 fatty acids reduce the TNFa and IL-1 expression 
that plays a major part in anorexia and cachexia. They also contribute to a decreased production of leukotriene B4 
and prostaglandin E2, which play an important role in inflammation and pain. Pain relief and inflammation inhibition 
improves recovery time and accelerates the healing process. 

Supplements including these nutrients designed for therapeutic/supportive use in dogs and cats are commercially 
available.
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18.7 Feeding Routes

Enteral nutrition is preferred over parenteral nutrition. 
To maintain the intestinal barrier function and prevent 
translocation of bacteria and endotoxins, a continuous 
flow of enteral nutrients is essential (within 24 hours 
of lack of food intake there is a decreased ability to 
digest and absorb nutrients). It is recommended that 
as much of the gastrointestinal tract as possible is 
used. Early enteral nutrition is beneficial over delayed 
enteral nutrition and parenteral nutrition by reducing 
complication rate, improving outcome and shortening 
hospitalization time. Furthermore, enteral nutrition is 
easier, cheaper, and has fewer complications. Partial or 
total parenteral nutrition is a good alternative if there 
is a risk of aspiration pneumonia, the GI tract is non-
functional, or when excessive vomiting occurs.

18.7.1 Force Feeding

For short-term nutritional support of a patient with a 
functional gastrointestinal tract and proper swallowing 
reflexes, force feeding may be a good approach. A syringe 
with a specially designed tip should be used. In dogs 
the tip should be placed between the molar teeth and 
the cheek, with the head in normal or lowered position 
(Figure 2a). In cats the tip should be placed between the 
upper and lower incisors (Figure 2b). Aspiration, repeated 
stress, and non-cooperation are important disadvantages 
of this method. If a patient needs nutritional support for 
longer than 2 days during hospitalization, it is better to 
insert a feeding tube to minimize stress.

Figure 2a and b. Force feeding in dogs and cats.

a

b

18.7.2 Orogastric Feeding

Orogastric feeding is often used in neonates. 

• Measure the distance between the nose and the last rib and mark ¾ of this distance on the tube to be sure that  
 the tube is located in the stomach or distal esophagus after insertion. 
• A lubricant should be used for smooth passage of the tube. The patient will swallow as the tube passes the   
 pharynx. 
• The tube should be advanced to the mark. 

Aspiration may occur if the tube is inadvertently placed into the trachea. Other techniques may be better for long term 
feeding support.
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18.7.3 Naso-Esophageal Feeding

For short-term nutritional support of a patient with a functional gastrointestinal tract, a naso-esophageal tube is a good 
option. They are easy to place and well tolerated by most patients. Disadvantages are that most patients will not eat 
spontaneously with the tube in place, and the small diameter of the tube, allowing only liquid diets.

For placement of naso-esophageal tubes only local anesthetics are required; either as a spray inside the nasal cavity or 
as a gel on the tube. This may, however, cause salivation, especially in cats. 

• Measure the distance from the nose to the 8th rib and mark it on the tube (5 to 6 Fr. polyurethane or silicone  
 tube) to be sure that the tube will be located in the distal esophagus (to prevent reflux esophagitis). If you wish  
 to use a tape for fixation to the nose by suturing, mark the tube with tape; if you wish to use wound glue, mark  
 the tube with a marker. 
• Lift the nares dorsolaterally in dogs to facilitate a good entrance to the ventral meatus. Insert the tube  
 ventromedially with the head in a neutral position. The patient will swallow as the tube passes the pharynx. 
• Advance the tube until the mark. Check proper placement by injection of 5 mL of sterile water. 
• Secure the tube to the nose as close as possible to the nostril and in the midline just rostral to the eyes. Use an  
 Elizabethan collar to prevent patient removal. 

Epistaxis, rhinitis, sneezing, tube occlusion, and tube eversion are possible complications. In a survey of 54 cats and 37 
dogs, vomiting (29%), diarrhea (26%) and regurgitation (5%) were noted, probably due to reflux esophagitis (improper 
placement), diet composition, underlying illness and administration technique. Aspiration may occur after vomiting or 
regurgitation. The diet should always be administered slowly to prevent irritation of the esophagus. 

18.7.4 Esophagostomy

For mid- to long-term nutritional support of a patient with a functional gastrointestinal tract, an esophageal tube is 
a good option. Anesthesia is required for placement, but they are easy to place and are well tolerated. Large diameter 
tubes permit the use of blended diets, which makes it easier for the owner to (tube) feed the patient at home. 

There are 2 common methods: the forceps method and the use of an applicator. In both methods, the patient is 
anesthetized and placed in right lateral recumbency. The mid-cervical region should be prepared prior to tube placement.

For the forceps method:

A large, curved forceps is passed through the oral cavity into the esophagus. The tip of the forceps should be pressed 
laterally, so it can be palpated. 

• A skin incision is made over the tip of the forceps (first localize the large vessels!), which is then forced  
 through the incision.
• The tube (5-12Fr.) is grasped by the forceps and pulled through the esophagus into the oral cavity. 
• The tip of the tube is then reinserted into the esophagus and advanced until the predetermined position  
 (distal esophagus). 

Placement with the use of an applicator is undertaken through the placement of the applicator in the esophagus:

• Palpate the rim of the applicator and insert a split needle. 
• Insert the tube (5-6Fr.) through the needle into the esophagus until it the tip reaches the pre-marked position  
 (distal esophagus). 
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The esophageal tube can be sutured to the skin by a finger-trap suture or tape butterfly.
 
The neck is wrapped with light bandage that is changed at least every second day. The tube should be flushed with 
water after use. In case of occlusion, flushing with a beverage containing carbonic acid might solve the problem. Stomal 
infection, tube occlusion, and tube displacement are possible complications. Removal is easy and can be done without 
anesthesia. The wound heals quickly without suturing.

Figure 3. A cat with a gastrostomy tube.

18.7.5 Gastrostomy

For long term nutritional support of a patient with a 
functional gastrointestinal tract, or in patients with 
esophageal disorders, a gastrostomy tube is a good option. 
Large diameter tubes permit the use of blended diets, 
which makes it easier for the owner to (tube) feed the 
patient at home. Anesthesia is required for placement. 
Gastrostomy tubes can be placed during abdominal 
surgery, by endoscopy or by the use of an applicator. They 
should be left in place for at least 10 days to assure proper 
gastropexy to prevent peritonitis after tube removal. 
Stomal infection, peritonitis, vomiting, hematemesis, 
diarrhea, melena, gastroesophageal reflux and aspiration 
are possible complications. The use of percutaneous 
techniques is contraindicated in patients with severe 
ascites, obesity or other conditions that hinder close 
apposition of the stomach to the body wall. Removal is 
easy and can be done without anesthesia. The wound 
heals quickly without suturing (Figure 3). 

18.7.6 Jejunostomy

For support of patients with gastric complications, gastric 
surgery or pancreatitis with a functional intestinal tract, a 
jejunostomy tube is a good option (Figure 4). Anesthesia 
and abdominal surgery are required for tube placement. 
The small diameter of the tube permits liquid diets only. 
Jejunostomy tubes should be left in place for at least 10 
days to assure proper enteropexy to prevent peritonitis 
after tube removal. Stomal infection, peritonitis, 
vomiting, diarrhea, and abdominal discomfort are possible 
complications. Removal is easy and can be done without 
anesthesia and without laparotomy. The wound heals 
quickly without suturing.

Figure 4. A jejunostomy tube in a dog.
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18.7.7 Parenteral Nutrition

When enteral nutrition is not possible or not tolerated in sufficient amounts, total or partial parenteral nutrition may 
be a good option. To prevent decline in gastrointestinal and immune function, the enteral route is preferable; as many 
nutrients as possible should be provided via the enteral route. Parenteral nutrition requires an ICU setting and strict 
aseptic handling. Total parenteral nutrition requires a central line because the solutions are hyperosmolar. Partial 
parenteral nutrition may be provided by a peripheral catheter. 

Parenteral nutrition should be made in a sterile environment under a laminar-flow hood. The composition should be 
determined based on the patient’s disease status and blood work. A board-certified veterinary nutritionist should 
be contacted to prepare the parenteral nutrition solution. Complications are thrombophlebitis, hyperglycemia, 
hypertriglyceridemia, sepsis, hypokalemia, hypophosphatemia, infection of the insertion site, and overhydration. 
However, these complications do not outweigh the beneficial effects of nutritional support, and therefore must be 
considered in any patient that cannot tolerate enteral feeding. With increased use and technical proficiency, placement 
of dedicated catheters and administration of parenteral nutrition can become commonplace in all veterinary hospitals, 
provided that aseptic techniques are strictly adhered to.

18.8 Horses

In horses, inappetence may be caused by underlying disease, being in heat, parasite infection, strenuous exercise, chronic 
dietary deficiencies, high sand or dust content of the food, altered food structure, food spoilage, medication, food 
change, stress, water deprivation, high temperature in combination with high atmospheric humidity, and inadequate 
ventilation. The consequences of not providing proper nutrition include impairment of the immune system, delayed 
wound and fracture healing, hypoproteinemia, muscle wasting, and weakness. 

Generally, supportive nutritional therapy should be considered if an adult horse has been hypophagic for ≥3 days. 
Neonatal foals require some energy source within 24 hours of decreased intake. Hypoglycemia might occur, which 
should be monitored and, if present, corrected by administering intravenous glucose solutions or parenteral nutrition in 
severe cases. The order of nutrient priorities is water, energy, electrolytes, and protein. Water-soluble vitamins are poorly 
stored in the body and should be supplemented. In horses with a low body condition score, good quality hay (alfalfa hay 
is more palatable than grass hay) and fat-enriched pellets may be fed. When food intake is below 2.8% of body weight, 
an increase of 0.2 kg/100 kg body weight is justified. 

Before surgery horses can be fasted for 1 day, with free access to water. After 2 days of fasting the stomach and small 
intestine will be empty, but the large intestinal content will have a higher fluid content. For rectal and colon surgery, 
feeding a laxative food for 10 days is recommended in this species. 

After surgery, water and electrolytes are important. In the adaptation phase of about 5 days there will be a state of 
hypermetabolism, which increases the need for good quality hay and soup-like food (in g/kg food: 300 g oats, 250 g feed 
sugar, 100 g linseed, 150 g vegetable oil, 100 g wheat bran, 40 g brewer’s yeast, 30 g vitamin-mineral mixture, 30 g feed 
salt). After 5 days the anabolic phase dictates the need for good quality hay in combination with concentrates designed 
for foals or pregnant mares.
 
After abdominal surgery, feeding can be initiated after 4-6 hours, with opening of the intestines after 12-24 hours. Good 
quality hay improves feed intake, peristalsis, and intestinal secretions. 
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After some surgical procedures, or when there is head trauma, nasal tube feeding may be necessary. The tube feeding 
should be easy to prepare, have a liquid composition when water is added, and must have an energy content of at least 
12 MJ/kg dry matter. Mixed food, which is easy to soak in water may be administered in the short term. A maximum 
of 50% of the calculated energy requirements should be fed in the first 24 hours. For the long term a mixture must be 
prepared (340 g/kg grass meal, 310 g/kg oat flakes, 90 g/kg skim milk, 200 g/kg feed sugar, 50 g/kg vegetable oil, 
5 g/kg vitamin-mineral mixture, 5 g/kg feed salt). Dilute 1 kg of the mixture with 4.5 L water (2.5 MJ DE per L). Up to 
3 L/100 kg body weight per meal can be administered without overloading the stomach. Around 3 meals per day 
are appropriate to meet energy requirements. Always administer tube feeding slowly to prevent sudden overloading. 
Multiple small meals per day reduce possible side effects like abdominal discomfort. 

After intestinal surgery, highly digestible rations must be fed. In the case of small bowel surgery, the amount of hay must 
be increased, and concentrate must be administered in small amounts, multiple times per day (i.e., for a 500 kg horse 
4 kg hay, 2 kg oat flakes, 0.5 kg glucose, 0.5 kg linseed, 0.15 kg vegetable oil, 0.05 kg brewers‘ yeast, 0.03 kg NaCl, 
0.05 kg vitamin-mineral mixture). In the case of large bowel surgery, the amount of concentrates must be increased (i.e., 
for a 500 kg horse 2.5 kg hay, 2 kg oat flakes, 0.5 kg grass meal, 0.5 kg linseed, 0.5 kg vegetable oil, 0.25 kg brewer’s 
yeast, 0.1 kg vitamin-mineral mixture).

18.9 Ruminants

Little data can be found on postoperative nutritional support of ruminants. The focus is on returning the gastrointestinal 
tract to normal function in the immediate postoperative period. More attention is needed in neonates, including partial 
and total parenteral nutrition. 

Gastrointestinal fill, motility and microflora can be monitored to evaluate the return of gastrointestinal function. 
Nutritional support must be tailored to the patient. If the patient has been anorexic or hyporexic before surgery, the 
rumen may be unprepared for a high production grain-rich diet. After an ileus, small meals should be administered 
frequently (i.e., 1 kg hay and 0.5 kg grain 2-3 times daily) for a few days. The amount can be increased gradually if 
abdominal distension is absent and feces is being passed. Gradually returning to the normal ration over the course of 
around 3-5 days is the general recommendation. 

Tempting anorectic ruminants to eat can be undertaken by offering small amounts of a variety of foods (especially the 
ones that they are used to eating). Force-feeding anorectic cattle is possible by feeding slurry through a naso-esophageal 
tube (or esophageal feeder). About 1 kg of feed can be soaked in 12 L of water. Preferably, a complete cattle food or 
ruminant geriatric diet should be used.
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Body Condition  Score

OVER IDEAL
Ribs palpable with slight excess fat covering. Waist is discernible 
viewed from above but is not prominent. Abdominal tuck 
apparent. 

Ribs palpable with difficulty; heavy fat cover. Noticeable fat 
deposits over lumbar area and base of tail. Waist absent or 
barely visible. Abdominal tuck may be present. 

Ribs not palpable under very heavy fat cover, or palpable only 
with significant pressure. Heavy fat deposits over lumbar area 
and base of tail. Waist absent. No abdominal tuck. Obvious 
abdominal distention may be present. 

Massive fat deposits over thorax, spine and 
base of tail. Waist and abdominal tuck absent. 
Fat deposits on neck and limbs. 
Obvious abdominal distention.

UNDER IDEAL
Ribs, lumbar vertebrae, pelvic bones and all bony 
prominences evident from a distance. No discernible 
body fat. Obvious loss of muscle mass. 

Ribs, lumbar vertebrae and pelvic bones easily visible. 
No palpable fat. Some evidence of other bony prominences.
Minimal loss of muscle mass. 

Ribs easily palpated and may be visible with no palpable
fat. Tops of lumbar vertebrae visible. Pelvic bones becoming
prominent. Obvious waist and abdominal tuck.

1

2

3

6

7

8

9

IDEAL
Ribs easily palpable, with
minimal fat covering. Waist
easily noted, viewed from
above. Abdominal tuck
evident.

Ribs palpable without excess
fat covering. Waist observed
behind ribs when viewed from
above. Abdomen tucked up
when viewed from side.

4

5

German A, et al.  Comparison of a bioimpedance monitor with dual-energy x-ray absorptiometry for noninvasive 
estimation of percentage body fat in dogs. AJVR 2010;71:393-398.
Jeusette I, et al.  Effect of breed on body composition and comparison between various methods to estimate body 
composition in dogs. Res Vet Sci 2010;88:227-232.
Kealy RD, et al.  Effects of diet restriction on life span and age-related changes in dogs. JAVMA 2002;220:1315-1320.
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OVER IDEAL
Ribs palpable with slight excess fat covering. 
Waist and abdominal fat pad distinguishable but not obvious. 
Abdominal tuck absent.

Ribs not easily palpated with moderate fat covering. 
Waist poorly discernible. Obvious rounding of abdomen. 
Moderate abdominal fat pad.

Ribs not palpable with excess fat covering. Waist absent.  
Obvious rounding of abdomen with prominent abdominal fat pad.  
Fat deposits present over lumbar area.

Ribs not palpable under heavy fat cover. 
Heavy fat deposits over lumbar area, face and limbs. 
Distention of abdomen with no waist. Extensive 
abdominal fat deposits.

UNDER IDEAL
Ribs visible on shorthaired cats. No palpable fat. 
Severe abdominal tuck. Lumbar vertebrae and wings 
of ilia easily palpated.

Ribs easily visible on shorthaired cats. Lumbar vertebrae 
obvious. Pronounced abdominal tuck. No palpable fat.

Ribs easily palpable with minimal fat covering. 
Lumbar vertebrae obvious. Obvious waist behind ribs. 
Minimal abdominal fat.

1

2

3

6

7

8

9

IDEAL
Ribs palpable with minimal 
fat covering. Noticeable waist 
behind ribs. Slight abdominal 
tuck. Abdominal fat pad absent. 

Well-proportioned. 
Observe waist behind ribs. 
Ribs palpable with slight fat 
covering. Abdominal fat 
pad minimal.

4

5

Body Condition  Score

Bjornvad CR, et al.  Evaluation of a nine-point body condition scoring system in physically inactive pet cats.  AJVR 2011;72:433-437.
Laflamme DP.  Development and validation of a body condition score system for cats: A clinical tool. Feline Pract 1997;25:13-18.
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19.1 Introduction 

Physiotherapy (or physical therapy) is a specialized paramedic support treatment that is well known and, over time, has 
gained its rightful place in human medicine. Physiotherapy is also becoming an increasingly important component of 
veterinary medicine. This chapter will give an overview of the most important components and applications of veterinary 
physical therapy. The intention is not to offer training in animal physiotherapy – that is a task for persons who have 
received specialized instruction in that field. The veterinarian should, however, be aware of the opportunities available 
for animal physiotherapy. In this manner, he or she can make the best treatment decisions in conjunction with the 
physiotherapist.

19.2 Framework

There are few countries in the world where the profession “animal-physical therapist” is legally recognized. Animal 
physiotherapists accept patients in principle only after referral by a treating veterinarian, as is the situation in human 
medicine. 

19.3 Why Physiotherapy? 

Physiotherapy is especially helpful for disorders of the musculoskeletal system. In the horse, these disorders are 
the most common contributing factors to loss of function, and they usually manifest clinically as lameness or other 
locomotion disorders. Musculoskeletal problems are therefore by far the most important group of disorders the 
equine practitioner is faced with. In racing thoroughbreds, for instance, disorders of the musculoskeletal system are 
approximately three times more common than of any other organ system. These numbers are different in the dog 
(mainly caused by a difference in use between the two species); however, musculoskeletal disorders still play a major role. 
The high incidence of musculoskeletal disorders and the proven value of physiotherapy in human musculoskeletal disease 
strongly suggest that physiotherapy may be beneficial in animals as well.

19.4 What is Physiotherapy?

19.4.1 Definition

Physiotherapy can be described as “medical treatment of orthopedic and neurological disorders that is exclusively based 
on natural forces such as light, water, electricity, heat, cold, massage and movement.” This definition is, in fact, very 
broad and covers almost everything that does not fall within the category of pharmaceutical or surgical medicine.

19.4.2 Disciplines Within Physiotherapy

Within physiotherapy, three main disciplines can be distinguished: 

• Massage
• Movement therapy
• Physiotherapy

19 - PHYSIOTHERAPY
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Of these three, massage is by far the oldest and most well-known method. However, movement therapy is now seen 
as the most important and most effective discipline, and the one that offers the best veterinary possibilities. In the 
following section, the three main disciplines will be discussed in more depth. 

19.4.2.1 Massage

Massage was already in use in Classical times and is still a part of daily life in many cultures. It is not uncommon for 
people in Thailand to enter a salon for a foot massage, or to receive a neck massage after a hairdressing appointment. 
Massage has a direct mechanical effect but works also reflexively via the autonomic nervous system. Effects of massage 
can include: 

• Alleviation of pain
• Improved circulation
• Relaxation 
• Activating the musculature 
• Stimulating edema resorption

In general, massage stimulates metabolism. On the basis of this effect, contraindications can immediately be imagined, 
namely in those situations where such a stimulation would not be desirable (such as in fever, tumors, inflammation and, 
of course, open wounds). There are diverse massage techniques (variations in pressure direction, movement direction 
and intensity of pressure and movement, as well as frequency) with various indications. Massage continues to be used in 
humans but forms one of the least important components of the physical therapy practice. 

In animal physiotherapy, the application varies per species. It is used sparingly in the horse, but is used frequently in 
the dog, in particular because of the relaxation it induces. Massage occurs during treatment sessions or is given as 
“homework” to the owner. Both the injury and the demeanor can be improved by following through with this prescribed 
work. For further reading on this subject in equines, the reader is referred to Chapter 5 in Physical Therapy and Massage 
for the Horse by Jean-Marie Denoix and Jean-Pierre Pailloux.

19.4.2.2 Movement Therapy

“Living is moving; moving is living” is a well-known adage. Movement is, in fact, the product of the musculoskeletal 
system. The recovery of normal movement is the ultimate goal for the majority of physiotherapeutic (and orthopedic) 
therapies. As such, movement therapy should be at the center of physiotherapy. A differentiation can be made between 
passive movement therapy (where parts of the musculoskeletal system of the patient are moved), active therapy (where 
the patient undertakes the movements himself) and guided active therapy (where the patient is stimulated to carry out 
certain movements, also without assistance). In animal physiotherapy, guided active therapy is normally used. 

An example of the practice of passive movement is the manual manipulation of the flexor tendons in calves with 
arthrogryposis. In cases that are not too severe, this manipulation can prevent the need for surgical intervention. A large 
number of passive stretching and pulling exercises have been described for the horse (see Chapter 6 in Physical Therapy 
and Massage for the Horse). There are also a number of exercises that can be employed with dogs as well. Very often, 
the most important facet of these exercises is the enticement of the animal to make a movement that results in passive 
movement. A cooperative relationship between the patient and the therapist is important in this sort of exercise. 
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Movement therapy can serve several goals, including:

• Mobilization of joints
• Improvement of the muscle function
• Stabilization of joints through directed training of surrounding muscles (such as in lesions of tendons)
• Increasing muscle tone
• Improvement of coordination 
• Improvement of general vital functions

In the animal, the amount of movement is of great importance and not always easily managed. Therefore, the term 
“free movement” is sometimes used when a horse is allowed to pasture, when in fact a better term for this is actually 
“uncontrolled movement”. Depending on the character and temperament of the horse, this movement type can vary from 
almost no loading of the musculoskeletal system to heavily overloading. 

Movement therapy is an important part of any physiotherapy protocol and adapted training, especially in the later 
phases of recovery. In many human professional sports, there are so-called recovery trainers who take over the 
management of recovering sportsmen from medical staff (doctor and physiotherapist) to guide their revalidation 
before they are sent to the regular trainer. This is uncommon in veterinary medicine but should certainly be considered 
with respect to animal athletes. Because of the close connection of revalidation and intended use, it is important that 
veterinary physiotherapists (and treating veterinarians) have insight into these intended uses and have more than a 
superficial knowledge of the specific requirements of the sporting disciplines in which the animal will be used. 

19 - PHYSIOTHERAPY

Figure 1. Example of recovery in an aquatic environment 
(hydrotherapy) in the treatment of the downer cow.

In some cases, it can be beneficial to allow movement 
to take place in a setting different to the animal’s usual 
environment, especially in water. In fact, a combination 
of hydrotherapy and movement therapy can facilitate 
movement through upward motion (Archimedes 
principle). Certain muscle groups can also receive extra 
training through the resistance that water offers. Known 
examples of recovery in an aquatic environment include 
the treatment of the downer cow (Figure 1), and the 
training of the muscles of the hindquarters without 
causing gravitational problems in dogs with disc hernias 
(Figure 2). Variations on this theme include combinations 
of treadmills and baths that are commercially available 
for both dogs as well as horses. In the option for dogs, 
the position of the band (and therefore the depth in 
which the dog is forced to walk) can be varied. This 
option is not available in the model for the horse, but the 
water level can be adjusted in order to achieve the same 
effect. Aquatrainers have become very popular in equine 
medicine during recent years. Through changes in the 
variables (temperature, buoyancy, viscosity, osmolality and 
hydrostatic pressure), different therapeutic objectives can 
be achieved. The use of this equipment in the treatment of 
osteoarthritis (OA) has been suggested.

Figure 2. The muscles of the hindquarters of a dog with 
a disc hernia are trained without causing gravitational 
problems using hydrotherapy.
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There are multiple contraindications for active or passive movement therapy. Due to their intensity, some physical 
therapies can cause too much stress to a vital system, for example in certain heart and lung disorders. Other 
contraindications are disorders where rest of a traumatized body area is indicated (fractures, inflammation, situations 
where hemorrhage can be caused easily), or in which a general weakening of the bones can occur, such as in osteogenesis 
imperfecta or extensive osteoporosis. 

19.4.2.3 Physical Technique

There are a number of different techniques that can be categorized under the general heading “physical technique”. 
These will only be discussed cursorily here as veterinarians themselves will not employ these techniques. Furthermore, 
there is little solid scientific evidence that these techniques are effective, and they are therefore the topic of debate in 
both human and veterinary medicine. This does not imply, however, that these techniques have no merit; only that there 
is little formal research to support them as yet, and the existing research concerns human physiotherapy. Fundamental 
research into the working mechanisms of several of these physical treatments is scarce. 

19.4.2.3.1 Hydrotherapy and Thermotherapy

Hydrotherapy employs the external use of water in the form of a bath (see above also, 19.4.2.2), or in the form of a 
shower (the rinsing of a horse’s legs after riding is a form of hydrotherapy). Because the temperature of the water can be 
varied, a combination of hydro- and thermotherapy is effectively always used. It is an old therapy that can be traced back 
to the times of Homer, and led to an extensive bathing culture both in Classical times and during in Arabian culture from 
around 700-1400 AD. The Austrian Vincenz Prießnitz (1799-1851) – originally a peasant farmer but later the manager 
of a large Spa enterprise visited by thousands of people including royalty – is generally seen as the founding father of 
modern hydrotherapy. The Prießnitz bandage, which is used to allow abscesses to mature, is named after him and is fairly 
commonly used in the horse. 

Cold has an analgesic effect. Ethyl chloride spray, which provides cooling due to its quick evaporation, can be effective 
in enabling small surgical procedures, such as the opening of abscesses, without extensive anesthesia. The application 
of cold also causes vasoconstriction (for example, applied on small secondary bleedings in castrations) whilst the 
application of heat leads to vasodilatation. The use of a solarium, such as those used for horses, can enhance the 
circulation of the musculature of the back, for example. Heat also has a stimulating effect on the metabolism of the 
tissue. 

19.4.2.3.2 Therapies Based on the Induction of an Electric or Electromagnetic Field

Since the discovery of the existence of various electromagnetic and radiation phenomena, people have been interested 
in their possible applications for healing various human ailments. Many types of electromagnetic or radiation treatment 
have been applied without much knowledge of their properties. There was a time in which it was believed that bodily 
exposure to x-rays induced a healing effect, which of course later was proven to be the contrary. 

Regarding the current use of electrotherapy or electromagnetic therapy, little is known of what actual effects these 
can have on tissue because fundamental research is lacking. If such research occurs, the findings may not support use 
of these techniques. It has been shown that the application of short-wave diathermy in equine tendon injuries has 
a very limited effect. A variety of applications of electrical current in various forms exists (continuous, intermittent, 
AC/DC, etc.). A number of these techniques are also used in treating the horse. Claimed effects include the induction 
of hyperemia, alleviation of pain, influence of the autonomic nervous system and the direct activation of nerves and 
muscles. 
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APS (Action Potential Simulation) is a potentially interesting and relatively new technique which acts upon the 
physiological currents that occur in depolarization of cell membranes using a very low current. Fundamental research into 
this treatment modality has been undertaken and shows that a clear increase of cellular ATP production occurs, as well 
as the stimulation of the release of endorphins. This therapy has been used with evident success in alleviation of pain in 
humans. Veterinary application is not as yet widespread. Claimed positive influence of APS on tissue recovery could so far 
not be confirmed in an in vitro model. 

As in human therapy, both laser therapy and magnetic field therapy is used in veterinary application. The latter therapy, 
which purported to have a positive influence on bone metabolism, was the subject of much media interest. However, it is 
not clear if the number of electromagnetic blankets and boots have significantly contributed to improving health status in 
horses. In a recent study in healthy horses, magnetic blankets did not induce additional significant effects on muscle blood 
flow, skin temperature, mechanical nociceptive thresholds (MNTs) and behavior as compared to non-magnetic blankets.

19.4.2.3.3 Ultrasound

The application of ultrasound with a frequency in the 1 MHz range (the hearing range in humans lies between 20 Hz and 
20 KHz) is one of the oldest and most extensively applied physiotherapeutic techniques. The therapeutic effects claimed 
include an increase in the regenerative properties of tissues, improved circulation, reduction of pain and, when used in 
muscles, a decrease in muscle tension. Ultrasound is mainly used in collagen-rich tissue (tendons, ligaments, cartilage and, 
to a certain degree, muscles), because the energy conducted by ultrasound is absorbed by these tissues at a high rate. The 
therapeutic application of ultrasound is different from the diagnostic form. In the latter application, general frequencies 
between 5 and 10 MHz are used. 

19.4.2.3.4 Extracorporeal Shock Wave Therapy (ESWT)

Extracorporeal shock wave therapy is a relatively new form of therapy that is based on the principle of lithotripsy of kidney 
stones. Shock waves are inducted into the tissue and cause a cavitational effect locally, which is followed by an implosion. 
Calcified tissues can be broken down by means of shock wave therapy, but scar tissue can also be decreased in order 
to offer an opportunity for better tissue recovery. Shock wave appliances produce either focused or radial shock waves. 
Although fundamental research is still scarce, it seems that only ESWT therapy using focused shock waves has a real effect 
upon the architecture of the tissue. In a study on the effect of shock waves on healthy extensor tendons in ponies, a clear 
disruption of the normal architecture could be seen on histology. Therapy using radial shock waves, however, produces a 
definite analgesic effect that can last a reasonable amount of time. For this reason, the application of shock wave therapy 
in horses that are active participants in races has been banned in certain countries, because it is seen as a type of doping. 
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Figure 3. Application of ultraviolet light to a wound by 
means of a special lamp.

19.4.2.3.5 Light Therapy

Light therapy is the application of light with the shortest 
wavelength of the ultraviolet range (UV-C). This is 
primarily used in the treatment of wounds that are in 
the cicatrization or epithelialization stages. Ultraviolet 
light has a drying and bactericidal effect and advances 
epithelialization. Application is by means of special lamps 
(Figure 3). Although little fundamental research has been 
performed, there is clinical evidence as to the effectiveness 
of the treatment. Furthermore, this effectiveness is in line 
with the fact that this type of wound often heals better 
in horses that are allowed to walk outside than in animals 
that are held in stables. 
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19.5 Recommended Literature

There is limited literature in the field of animal physiotherapy. For the horse, the books by Bromiley and by Denoix and 
Pailloux can be recommended. The book by Bromily is relatively old but contains much information on physical techniques. 
The book by Denoix and Pailloux is more recent and is strongly based on the functional anatomy of the horse. However, it 
contains little information on physical techniques.
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20.1 Bandaging Techniques in Companion Animals 

20.1.1 Introduction

The indications for applying a bandage include:

1. Covering the skin or (surgical) wound for:
a. Protection against environmental contamination
b. Protection against abrasion, licking or biting
c. Wound treatment (application of ointments, etc.)

2. Prevention or treatment of (wound) swelling (congestive or inflammatory edema) 
3. Immobilization of soft tissues (for example following a wound in the axilla), joints  
 (e.g., after luxation, surgery or bruise) or bones (fractures)
4. Reducing pain 

In most cases, bandages are applied to deal with a combination of these indications. Because of the shape of the limbs 
and the mobility of the animals, most bandages are applied as dynamic compression bandages. They should be applied 
with much care, firstly to ensure that the desired objective is achieved, but also to prevent any complications caused 
by the bandage itself. The main complications after applying a peripheral bandage (limbs and tail) is compromising 
(mainly venous) circulation, leading to congestion and pressure sores within the bandage invisible to the animal’s owner 
or caretaker. Compromised circulation will lead in the first instance to a warm swelling (Day 1), after which the area 
will become cold, hairs will fall out and finally gangrene will set in. This is typically seen in pressure areas including 
interdigital zones and underneath the dewclaw. In severe cases, toes and footpads may slough after soft tissue necrosis. 
It is therefore essential to apply a bandage in such a way that it is functional without causing constriction. Bandages 
should be checked frequently, and the pet’s owner or caretaker should be given clear instructions.

20.1.2 General Requirements

In order to create an optimal bandage, the following parameters are important:

• Ideal table height for application of the bandage
• All necessary material and instruments at hand (including bandage scissors)
• Adequate assistance (minimum 1 person, ideally 2)
• An animal that can be handled without additional risk for veterinarian and animal – sedation or anesthesia may  
 be required
• Fixation bandages, such as shoulder support bandage or plaster of Paris bandage, require general anesthesia

Most bandages include padding with cotton wool or synthetic polypropylene material. Cotton wool loses all of its 
elasticity once damp or wet but is relatively forgiving for the skin. Synthetic fiber materials such as Artiflex® (BSN 
Medical) are available in rolls of various widths, are more resilient than cotton wool, are easy to use, but can cause skin 
irritation. The purpose of the padding is to protect bony protuberances and soft tissues, and to evenly distribute the 
dynamic compression by the outer layers of the bandage. Too much padding will lead to excessive movement inside the 
bandage and may facilitate slipping. Padding between the toes will help to prevent pressure sores. Artiflex® is a poor 
absorber of wound fluids and its fabric may cause irritation if used as interdigital padding, therefore a cotton wool or 
gauze dressing (Cutisoft®, BSN Medical) is preferred in this location. The padding is secured and compressed by ideally 
applying an elastic cohesive. The width of the bandage material of choice depends on the type of bandage and the shape 
and size of the limb. A bandage material that is too narrow compared to the diameter of the paw can easily lead to 
constriction, whilst it may be difficult to evenly apply pressure with bandage material with an excessive width.

20 - BANDAGING TECHNIQUES
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Elastic cohesive and hydrophilic gauze is available in several widths but can be trimmed to the appropriate size if needed. 
Selvedge hydrophilic gauze has the tendency to cause constriction if tightened obliquely (Selvedge is a "self-finished" 
edge of a piece of fabric which keeps it from unraveling and fraying). For this reason, gauze without selvedge is preferred. 
Hydrophilic gauze is always used in conjunction with ample padding material, but is considered inferior to the modern 
elastic cohesive materials. 

It may be difficult to follow the contour of the limb when applying a bandage around body parts that become wider or 
narrower towards the periphery. When using a non-elastic material, the direction of the bandage should not be changed 
by undue traction or twisting of the material. In order to correct the direction of the bandage, the bandage should be 
folded upon itself and the next bandage turn continued in the desired direction. When using elastic cohesive material, 
the same technique can be used to change direction. Small corrections of the bandage direction can be accomplished 
with gentle unilateral tension on the elastic material without producing undue constriction. 

A Robert-Jones bandage is characterized by multiple layers of padding material stabilized with multiple layers of 
bandaging material and is thus a very bulky type of bandage. A single layer of padding material in conjunction with a 
single layer of bandage material is referred to as a modified Robert-Jones bandage. Both the Robert-Jones and modified 
Robert-Jones can be combined with a splint or cast material to gain additional stability.

20.1.3 General Recommendations Regarding Bandage Care

• The bandage should not get wet. When walking the dog, it should be covered, preferably with a special   
 protective water-resistant shoe. 
• Depending on the lesion, the animal will usually tolerate a bandage without problems. If the animal suddenly   
 starts licking or chewing at the bandage after one or more days, this should be considered an emergency and  
 the bandage should be changed as soon as possible. Common causes of increased attention to the bandage by   
 the patient are pressure sores, congestion and infection.
• The interval of bandage changes depends on the indication. A postoperative protective bandage usually is   
 checked after 2-3 days. Bandages to treat wounds are changed 1-2 times per day depending on the production  
 of wound fluid. The total duration of bandage treatment can take up to several weeks.

20.1.4 Bandaging Techniques

20.1.4.1 Padded Pressure Bandage Lower Front Limb (Including the Carpus)

Indications

1. Treatment of wounds and lacerations of the paw (puncture wounds, cuts, abrasions, torn nails, interdigital   
 cysts, foot pad lesions)
2. Aftercare following surgery of the foot (sutured wound, digital amputation, graft, transposition of a footpad)
3. Prevention of automutilation

Materials

• Cotton wool or polypropylene padding (Artiflex®)
• Elastic cohesive (Vetrap® (3M), Gasofix®) or, in an emergency situation, hydrophilic gauze without selvedge 
• Adhesive bandage (Leukoplast®, BSN Medical)

20 - BANDAGING TECHNIQUES
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Method

The dog is placed in lateral recumbency with the limb to be bandaged uppermost. An assistant extends the elbow by 
applying pressure on the olecranon to properly present and stabilize the foot and lower leg. 

First, the interdigital spaces and areas between the large and digital footpads including the dewclaw are padded with 
strips of cotton wool or rolled cotton wool gauzes. Then, several layers of cotton wool or polypropylene padding are 
applied to reach the desired thickness. The padding is applied around the lower limb, to obtain an even layer, completely 
covering the limb up to a hand’s width above the carpus. The padding is temporarily stabilized with the elbow joint and 
carpus held in extension with the help of an assistant (Figures 1-8). In general, following correct padding, it should not 
be possible to distinguish bone protuberances from soft tissues.
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Figure 1. The dog is placed in lateral recumbency with the limb to be bandaged uppermost. An assistant 
extends the elbow by applying pressure on the olecranon to allow for good bandaging of the lower limb.

Figure 2 & 3. First, the interdigital spaces and areas between large and digital footpads are padded with 
strips of cotton wool.

Figure 4 & 5. While applying this padding, the dewclaw should not be forgotten.

Figure 6. Then, a layer of cotton wool is applied around the lower limb, including the carpus until the desired 
thickness is reached. An even layer should be obtained, completely covering the lower limb. 

1 2 3

4 5 6
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Figure 7. The padding is held in 
place while an assistant keeps the 
leg extended. 

Figure 8. For an emergency 
bandage, a roll of hydrophilic gauze 
bandage of the desired width is 
taken into the right hand so that 
the unrolled part is facing upward. 
The padding is secured with the 
gauze bandage.

Dynamic Elastic Bandage

In general, the direction of applying the padding, elastic cohesive or hydrophilic gauze is clockwise on the left limb and 
counterclockwise on the right limb. The diameter of the leg determines the necessary width of the bandage material. 
The bandage is applied on top of the padding with gentle compression of the padding, working from distal to proximal. 
The entire foot is covered with slightly oblique throws of the elastic cohesive. The working length of the bandage should 
be relatively short and not longer than necessary for a single circumference of the limb at that level. This is important in 
order to be able to exert adequate compression on the padding and to allow for good directional control. 

Each new turn should cover the previous one for at least two-thirds. The turns are gradually wound proximally, each time 
stabilizing the bandage with one hand and tightening with the other. 

The aim of elastic cohesive is that the pressure is largest distally and diminishes gradually to proximal. The elastic 
bandage allows for dynamic counter pressure on the soft tissues, thus establishing an optimal venous and lymphatic 
return.

7 8
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Hydrophilic Gauze

When using hydrophilic gauze – for instance, in an emergency situation where elastic bandage material is not available 
– covering the toes with sufficient compression of the padding can be difficult. In these cases, the bandage is wound 
circumferentially until approximately three-quarters of the width of the gauze is distal to the toes. This extruding part of 
bandage is then folded backwards – not sideways – and is secured with a few additional turns (Figure 9-18).
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Figure 9. The gauze bandage is applied evenly, with each new turn covering the previous one for at least 
two- thirds. By winding the bandage in half turns while applying pressure and traction, a solid bandage is 
obtained. Closure at the lower extremity is obtained by winding the bandage until approximately three-
quarters of the width exceeds the toes distally.

Figure 10. This free edge of the gauze bandage is then folded backwards - not sideways.

Figure 11. It can then be secured with the bandage. By finishing the bandage in the proximal direction, 
good pressure can be built up on the lower limb.

Figure 12. Another method to close the lower part of the bandage while building up a good pressure is as 
follows. While holding the bandage just below the carpus, turns are applied lengthwise over the toes from 
dorsal to palmar and back. The turns are held in place by the thumb and fingers at metacarpal level.

Figure 13. By applying several turns under traction, good pressure can be achieved.

9 10

11 12 13
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Figure 14. By turning the bandage roll 90° and folding it back on itself, the turns are secured around the lower limb.

Figure 15. Again, pressure is built up from distal to proximal. The bandage may be finished by tying it to itself or by 
securing it with self-adhesive bandage.

Figure 16. In a practice setting, synthetic padding material will be used as it is superior to plain cotton wool. 

Figure 17. The padding should evenly cover the lower limb.

Figure 18. Then, elastic cohesive is used to secure the padding and to produce a dynamic pressure. The advantage 
of using elastic cohesive is that it allows for  dynamic application of compression and in this way optimizing venous 
and lymphatic return. It is also superior to hydrophilic gauze in correctly covering the toes and applying counter 
pressure in the paw.

Hydrophilic Gauze

Another method to accomplish this with hydrophilic gauze is by applying longitudinal throws from cranial to caudal and 
back. The first throw is applied lengthwise over the foot from cranial to caudal – not medial to lateral – covering the 
central toes. The second and third throws cover the medial and lateral toes. By applying several throws and exerting 
sufficient compression, the entire foot is covered. The direction of the bandage is changed to circumferential by folding 
the bandage onto itself and the cranial to caudal throws are secured. Finally, the bandage can be finished with the aid of 
a few strips of adhesive tape (Leukoplast®).

14 15 16

17 18
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20.1.4.2 Elastic Support Bandage, Hind Limb (Including the Stifle)

Indications

1. Prevention of postoperative edema, both in the wound area (inflammatory edema) and more peripheral  
 (congestive edema); e.g., stifle surgery (cranial cruciate and meniscal lesions, patellar luxation) or other   
 operations below the stifle (tibial and fibular fractures).
2. Treatment of peripheral edema following trauma (femoral fracture) or wound reactions that prevent venous return.

Materials

• Elastic cohesive (Vetrap®, Gasofix®)
• Polypropylene padding material (Artiflex®)
• Adhesive tape (Leukoplast®)

Method using Vetrap®

Vetrap® can be applied without padding to the (shaved) skin. The interdigital space is only padded in short-haired animals 
with a very thin skin (e.g., Whippets).

The bandage is applied in such a way that:

• The soft tissues of the entire foot are covered – The nails of the 3rd and 4th digit may remain visible, to check   
 the position of bandage and congestion
• It covers the (surgical) wound proximally
• The leg is held in a physiological standing position during application
• The dynamic elastic compression should gradually decrease in the proximal direction to promote venous return   
 and to avoid congestion

Although the bandage can be applied without padding, problems can arise in the area of the Achilles tendon and calcaneus. 
In general, applying padding up to the level of the stifle joint results in a more comfortable and effective bandage. The elastic 
cohesive bandage is started at the toes. Gentle tension is put on the bandage material, ensuring that it is not stretched by 
more than 50% of its original length. By applying several layers of elastic bandage material an increasing compression and 
counter pressure is accomplished (Figure 19-25 and Figure 26-30). 

Figure 19. Dog in lateral recumbency. 

Figure 20. The elastic bandage is first wound around 
the lower limb, unrolling 5 to 10 cm of bandage before 
applying under controlled traction. This allows for 
achieving a controlled dynamic compression. The 
interdigital spaces may be padded with cotton wool. 
On the right leg, the bandage is wound using left turns 
(counterclockwise) and vice versa to prevent distal 
slippage of the bandage during and after application.

Elastic Support Bandage

19 20
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Figure 21. The bandage is applied from distal to proximal with the tarsus and stifle in a physiological joint 
angle.

Figure 22. Care should be taken not to overtighten the bandage over the Achilles tendon.

Figure 23. Once the popliteal area is reached, the next turn is applied as high as possible over the inguinal area 
and held in place by an assistant. 

Figure 24. The bandage is then wound in downward spirals, each turn about a finger’s width more distal than 
the previous turn, until the stifle is well covered.

Figure 25a & b. The dynamic bandage acts as a support stocking, when the pressure gradually decreases in 
proximal direction, for an optimal venous return (the bigger the H the higher the elastic tension).

Elastic Support Bandage

21 22 23

24 25a 25b
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Elastic Support Bandage

Figure 26. In order to avoid an irritation of the hock and Achilles tendon, a layer of padding with cotton wool 
or synthetic padding material may be applied first. Again, this is started at the lower limb.

Figure 27. The padding material is applied up to the stifle.

Figure 28 & 29. The elastic bandage is applied as described above and includes the stifle.

Figure 30. For this bandage, as well, the elastic tension should decrease in the proximal direction.

Care should be taken to prevent the bandage being too tight in the region of the Achilles tendon, calcaneus and back 
of the stifle joint. As a result of the trapezoid shape of the thigh, this bandage has the tendency to slip distally when 
applied in this location. This can cause irritation in the back of the stifle joint. Early bandage removal is then indicated.

This elastic support bandage can also be used in the front leg, preferably with padding extending to the level of the 
axilla. Postsurgical support after elbow arthroscopy is a common indication for this bandage. 

Aftercare

Usually, these bandages are well tolerated. Bandage removal is scheduled 24 - 48 hours after surgery. Early removal is 
advocated if the bandage dislocates distally. 

26 27

28 29 30
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20.1.4.3. Shoulder Support Bandage with Splint

Indications

1. Scapular fractures
2. Temporary stabilization in certain types of comminuted fractures of the humerus or proximal radius and ulna   
 (during transport to a referral center)
3. Immobilization after certain shoulder operations, such as arthrotomy with osteotomy of the acromion or   
 panarthrodesis of the shoulder joint
4. Immobilization of the elbow joint after closed or open reduction of an elbow luxation
5. Following soft tissue surgery of wounds in the axillar region (prevention of seromas)
6. Wound protection after soft tissue surgery in the elbow region (tumor resection, hygromas)

Materials

• Several rolls of wide cotton wool or wide polypropylene padding (Artiflex®) 
• Several rolls of narrow polypropylene padding (Artiflex®)
• Splint material: glass fiber reinforced resin (Cellacast®, Lohmann and Rauscher), thermoplastic cast material   
 (Hexalite®, or Vetlite®, VSP) or wooden or metal splint for temporary use
• Elastic cohesive bandage material, narrow and wide, depending on patient size (Vetrap® or Gazofix®)
• Adhesive tape (Leukoplast®)

Method

The bandage is applied to a heavily sedated or anesthetized dog in lateral recumbency on a smooth table, with the head 
and neck in a physiological position. If possible, two assistants are available: one to hold the leg in the desired position 
and one, at the dorsal side of the dog, to hold the head and neck and to help lift the animal when the bandage needs to 
be passed around the trunk and neck. During bandaging, care should be taken to keep the leg extended cranially and in 
slight abduction so that:

• All joints are aligned
• The leg remains parallel to the tabletop (recumbent dog)
• The leg is not rotated when the bandage is tightened, as this might lead to a twisted setting of the leg in case  
 of fractures

By extending the leg cranially, the dog will be able to walk with the bandage without tripping. 

First, cotton padding is applied between the toes. Then, a roll of padding material is applied around the leg, starting with 
the toes, up to and including the elbow. Usually, several layers are applied for sufficient padding. 

A wide roll of cotton wool or synthetic material (Artiflex®) is then applied to the leg longitudinally from distal to 
proximal covering the complete leg including the shoulder and scapula) to end at the dog’s back, where it is held in 
position. In order to fix this broad padding to the leg, another narrow layer of padding material can be used. This layer 
ends a hand’s width above the elbow. 

The broad padding roll is then passed underneath the patient around the thorax to reappear behind the leg. It crosses 
over the first layer at the level of the shoulder joint and scapula as it passes over and around the neck. 

Starting in front of the leg, the third layer crosses over the second layer at the level of the shoulder joint. The roll is 
then passed from caudal to cranial through the axilla, from where it is passed in front of the shoulder joint in a dorsal 
direction over the scapula to end in the starting position. 
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Another layer is applied around the thorax, the neck and through the axilla until the entire shoulder area, axilla, thorax 
and neck are well padded (Figure 31-46).

Shoulder Support Bandage

Figure 31. The bandage is applied to a heavily sedated or anesthetized dog in lateral recumbency on a 
smooth table, with stretched head and neck.

Figure 32 & 33. First, cotton padding is applied between the toes.

Figure 34. Then, a roll of padding material is applied, starting with the toes.

Figure 35. The padding is wound around the leg in a proximal direction (up to and around the elbow).

Figure 36. Usually, several layers are applied for sufficient padding.

31 32 33

34 35 36
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Shoulder Support Bandage

Figure 37 & 38. A wide roll of cotton wool or synthetic material (Artiflex®) is then applied to the leg from 
distal to proximal.

Figure 39. It ends behind the dog’s back, where it is held in position.

Figure 40. In order to fix this wide padding to the leg, another, narrow layer of padding material is used.

Figure 41. This layer ends a hand’s width above the elbow.

Figure 42. The wide roll is then passed underneath the patient around the thorax to reappear behind the leg.

37 38 39

40 41 42
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Shoulder Support Bandage

Figure 43a & b. It crosses over the first layer at scapular level (Step 1).

Figure 44a & b. It is then passed over and around the neck (Step 2).

Figure 45a & b. Starting in front of the leg, the third layer crosses over 
the second layer at shoulder level (Step 3).

Figure 46. The roll is then passed in a cranial direction through the 
axilla, from where it is passed to the front of the shoulder joint and in a 
dorsal direction over the scapula. This is the starting position. Another 
layer is applied around the thorax, the neck and through the axilla until 
the entire shoulder area is well padded. 

43a 43b 44a

44b 45a 45b

46
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The padding is then stabilized with a layer of elastic cohesive. The elastic bandage is again applied from distal to 
proximal, and is applied in the same manner around thorax, neck and axilla. The entire padding should be covered by 
elastic bandage material (Figure 47-51).

Shoulder Support Bandage

Figure 47. The padding is then stabilized with a layer of  elastic cohesive. 

Figure 48 & 49. The elastic bandage is again applied from distal to proximal.

Figure 50a-c. And is wound in the same manner around thorax, neck and elbow.

Figure 51. The entire padding should be covered by elastic cohesive.

47 48 49

50a 50b 50c

51
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For immobilization of the limb, a splint is added. In the photo series, thermoplastic material (malleable when hot) is 
used. This splint reaches from the digits to the dorsal edge of the scapula. First, the length of the splint is determined. 
While the material is still malleable, several layers are used to construct the splint. The malleable splint (reheated if 
needed) is placed on the limb. It is important that the shoulder and elbow joint remain well extended cranially during the 
procedure. 

The splint is stabilized with elastic cohesive, thus completing the entire shoulder splint bandage. The elastic bandage 
is applied in the same manner as described previously. The bandage can be further strengthened and rendered more 
durable with the aid of adhesive tape, which is applied lengthwise (Figure 52-63).

Figure 52. For immobilization of the limb, a splint is added. In this case, either fiberglass (a) or 
thermoplastic material (b; malleable when hot) can be used.

Figure 53. This splint reaches from the digits to the dorsal edge of the shoulder blade. First, the length of 
the splint is determined.

Figure 54. While the material is still malleable, several layers are used to construct the splint. The splint 
is positioned on the limb. It is important that the shoulder remains well extended during this time. The 
splint is fixed with an elastic bandage.

Figure 55. The splint is then stabilized and incorporated into the bandage.

52a 52b 53

54 55
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Figure 56 - 59. This is done by following the same bandage pathway as before.

Figure 60. The elastic bandage is covering the entire area.

Figure 61. With the aid of adhesive tape, these layers may be further stabilized and made more durable. This adhesive tape 
is applied lengthwise.

Figure 62. Adding strength to the entire bandage.

Figure 63. Care should be taken not to wind the bandage too tightly around the thorax: this can be checked by inserting two 
fingers between the dog’s back and the shoulder support bandage.

56 57 58

59 60 61

62 63
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Care should be taken not to apply the bandage too tightly around the thorax. As a general rule of thumb once can 
assume a bandage is not too tight if two fingers can easily be inserted between the dog’s back and the shoulder support 
bandage.

If applied correctly, this bandage will function as a very stiff corset with padding, preventing the leg from moving 
forwards, backwards or sideways.

Aftercare

Patients rapidly get used to this large bandage. It should be changed within 3 weeks after application, depending on the 
indication for and condition of the bandage. 

20.1.4.4 Tail Bandage

Indications

• Tail trauma
• Tail tip lesion (due to tail wagging)
• Partial tail amputation
• Resection of skin tumors of the tail

Materials

• Polypropylene padding material (Artiflex®)
• Elastic bandage material of appropriate size (Vetrap®)
• Adhesive tape (Leukoplast®) 2.5 cm in width
• Wound dressing pad (Melolin®, Smith and Nephew, or Cutisorb®)

Method

Important factors in applying tail bandages:

• Prevention of bandage dislocation
• Prevention of bandage constriction

Dislocation can be prevented by applying adhesive tape (Leukoplast®) on the hairs of the tail. Tape should not be 
applied directly on shaven skin in dogs and cats as this will cause severe skin irritation. The adhesive tape is folded over 
lengthwise and loosely wound spiral-wise around the tail avoiding constriction, so that it adheres to the tail hair as well 
as providing a grip for the padding material. In long-haired dogs, bandage dislocation can be prevented by including 
adjacent hairs between the bandage layers. 

A wound-dressing pad is applied in cases where there is a tail lesion. The wound dressing can be stabilized with the 
padding material and by incorporating a sufficient length of tail in the padding. Following correct padding, the coccygeal 
vertebra should not be distinguishable.  The padding is subsequently stabilized and compressed using elastic cohesive, 
again decreasing the compression from distal to proximal. A protective splint can be added if required (Figure 64-74).
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Tail Bandage

Figure 64. The dog is placed in lateral recumbency, the necessary 
materials are displayed.

Figure 65. Since the tail has a conical shape, slippage should be 
prevented. This can be achieved by applying an adhesive layer on the 
of the tail, for example using Leukoplast®.

Figure 66. During application, the adhesive tape is folded double 
lengthwise, creating two adhesive sides.

Figure 67 & 68. The tape is loosely wound spiral-wise around the tail 
avoiding constriction. 

Figure 69 & 70. A wound-dressing pad may be applied to the tail tip.

20 - BANDAGING TECHNIQUES
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Tail Bandage
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Figure 71. The wound dressing is stabilized, and the tail is padded in 
proximal direction.

Figure 72. Padding material is wound in the direction of the tail base 
until sufficient padding is obtained.

Figure 73a-d. A layer of elastic cohesive is then applied to secure the 
padding material.

Figure 74. The tail tip is completely covered. The elastic bandage is 
applied in such a way that each turn covers two-thirds of the previous 
turn. Care should be taken that the compression decreases in the 
proximal direction.

71 72 73a

73b 73c 73d

74
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20.1.4.5 Head and Neck Bandage

Indications

• Ear lacerations
• Total ear canal ablation
• Resection of skin tumors in the head and neck region
• Drainage following bite trauma or abscess formation

Materials

• Polypropylene padding material (Artiflex®)
• Elastic cohesive of appropriate size (Vetrap®)
• Wound dressing pad (Melolin®, Smith and Nephew, or Cutisorb®)

Method

Important factors in applying a head and neck bandage:

• Prevention of bandage dislocation
• Prevention of bandage constriction
• Prevent undue compression of cervical vessels and trachea

The skin and soft tissues of the head and neck region are highly mobile and prone to postoperative complications  
(Figure 75). A wound-dressing pad can be applied to the surgical site (Figure 76).

Head & Neck Bandage 

Figure 75. The skin and soft tissues of the head 
and neck region are highly mobile and prone to 
postoperative complications.

Figure 76. A wound-dressing pad can be applied to the 
surgical site. 
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The wound dressing is then stabilized with padding material. Adequate padding on both sides of the ear is essential to 
prevent additional complications (Figure 77 & 78). The contralateral ear can be kept outside the head and neck bandage 
in order to gain additional stability. Care should be taken not to constrict the base of the free ear. The padding starts 
cranial of both ears in a caudal direction covering the head and continuing caudally until the thoracic inlet is reached.  A 
more stable head bandage can only be achieved while incorporating the entire neck area.  The first ribs and shoulders 
prevent the bandage to slip caudally. The padding is subsequently stabilized and slightly compressed using elastic 
cohesive (Figure 79). Care should be taken not to compress the major cervical vessels and trachea. It should be possible 
to insert two fingers between the bandage and structures of the head and neck.   

Figure 77. If applicable the ear is placed in natural 
position and adequate padding on both sides of the ear 
is essential to prevent additional complications. 

Figure 78. The contralateral ear can be kept outside 
the head and neck bandage in order to gain additional 
stability. The padding starts cranial of both ears in 
a caudal direction covering the head and continuing 
caudally until the thoracic inlet is reached.  

Figure 79. The padding is subsequently stabilized and 
slightly compressed using elastic cohesive. 



393

20 - BANDAGING TECHNIQUES

20.1.4.6 Plaster of Paris Splint Bandage (Plaster Cast), Front Limb

Indications

1. Closed, simple, transverse, stable, extra-articular fractures distal to the proximal third of the radius-ulna or   
 tibia-fibula.
2. Supported fractures, i.e., fracture of only the radius with intact ulna or vice versa, or fracture of the tibia with   
 intact fibula. Supported fractures can also occur in the metacarpals and metatarsals.
3. Growth plate fractures Salter type I and II (should also satisfy criteria under 1.).
4. Bone fissure.

Materials

• 2 rolls of plaster of Paris
• Cotton wool or polypropylene padding (Artiflex®)
• 1 roll hydrophilic gauze
• 1 roll Vetrap® 
• Bucket or small container with water

Advantages of Semi-Circular Plaster Casts

In contrast to the situation in human patients where completely circumferential casts are still common, semicircular 
splints or bivalve splints are often used in dogs and cats. The major complication in using circumferential casts is 
compromised circulation. In human patients this is accompanied with numbness and pain in the fingers and toes. A 
human patient is instructed to be aware of these signs so that the cast can be replaced immediately. As dogs and cats 
are not able to convey these serious signs of complication, semi-circular casts are used in companion animals to prevent 
compromised circulation. 

The disadvantage of using semi-circular casts is a degree of loss of stability in the bandage. As in human patients, bivalve 
casts can be used to overcome this problem. An additional problem in companion animals is that they tend to use the 
fractured limb very soon after trauma, thus adding to the complication rate.

In summary the advantages of applying the plaster in a semi-circular manner (front limb: applied to the back, hind limb: 
to the front) are:

1. Simultaneous immobilization of the fracture by the plaster and treatment of the soft tissue swelling (due to   
 trauma and repositioning) by the padded bandage. The risk of congestion during fracture healing is less than   
 with a circular application of the splint.
2. The splint is lighter and less bulky, causing less hindrance to locomotion during the recovery period without loss  
 of stability for the fracture.
3. The splint is easy to remove and change (under general anesthesia) in case of growth of the limb in a young   
 animal, loosening of or damage to the bandage. It is also easy to remove (after radiological validation) – an   
 oscillating saw is necessary for the removal of circular plaster casts.
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Method 

This chapter describes a plaster cast application; however, instead of using plaster, the casting material can also 
be replaced by another exothermal material (like fiberglass). The bandage is applied with the patient under general 
anesthesia in lateral recumbency on a smooth table. The fracture should first be reduced, which in itself is a painful 
procedure. If necessary, traction can be applied to the limb for 10 minutes. An assistant (positioned behind the dog’s 
back) helps to keep the leg in the desired position during application of the cast. Care should be taken to extend the 
elbow (pressure on the olecranon), which will also extend the carpus. Rotation should be avoided during application to 
prevent torsion in the fracture zone. The interdigital spaces may be padded with cotton wool. In dogs with a very thin 
hair coat and skin (for example, Whippets), a thin layer of padding may be applied to the leg. Bony prominences (e.g., 
the accessory carpal bone) may be covered with padding. Padding material between the plaster of Paris cast and bony 
structures to be stabilized, will increase potential movement within the bandage and subsequently complications.

The size of the cast is determined by measuring the distance on the caudal side of the limb from the nails to the tip 
of the olecranon (tuber olecrani). The initial length of the casting material should exceed this measurement as some 
shrinkage of the plaster will occur. Six to eight layers of this length of plaster of Paris are folded on top of each other. 
One can add a few narrow strips in the middle so that they remain identifiable after immersion in water. This can help 
during positioning and prevent torsion of the cast on the limb.

Before immersion of the plaster bandages, double-check that:

• Adequate reduction has been accomplished
• Padding has been applied between digits if needed
• A roll of hydrophilic gauze is ready for use and within reach
• The assistant has the elbow and carpus of the patient well extended
• There is sufficient space next to the dog to prepare the splint

The layers of plaster are immersed in water for a sufficient amount of time to enable proper penetration of the cast. The 
better and more evenly the plaster is soaked, the more time there is to model the splint. 

The wet plaster bandages are placed on the table and are smoothed out by hand. This should be done without delay as 
the plaster will already start to set. The weave of the plaster bandage should no longer be visible when smoothing is 
finished. 

The layers are now transposed as a whole to the dog and applied to the caudal side of the limb, keeping the cranial part 
free of plaster. While the assistant keeps the plaster splint in place, the hydrophilic gauze is wound around the plaster 
and limb so that the plaster will take the exact anatomical shape of the caudal, medial and lateral side of the limb whilst 
hardening. During the first hardening phase, which lasts around 10 minutes, the limb should be kept perfectly still to 
avoid any dislocation and microfracturing of the splint. 

Once the splint is hardened through becoming warm due to the exothermal reaction, the hydrophilic gauze is removed, 
and the position and edges of the plaster splint are checked. Any sharp edges or corners are removed. Extra layers of 
plaster can be applied to the outside of the splint to provide additional strength if needed. The bandage is finished 
using a longitudinal layer of cotton wool or polypropylene padding material (Artiflex®) stabilized with elastic cohesive 
(Gazofix® or Vetrap®) (Figure 80-99).
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Plaster of Paris Cast

Figure 80a & b. The dog is placed in lateral recumbency, with the necessary material displayed (a). 
Close up of the plaster materials (b).

Figure 81. The length of the splint is determined. The splint should reach from the olecranon to the toenails.

Figure 82. Care should be taken to stretch the elbow (pressure on the olecranon) during application of the 
plaster, leading to a stretched carpus. This is necessary to avoid contractures of the flexor tendons.

Figure 83. Six of these lengths of plaster of Paris are folded on top of each other.

80a

80b

81 82 83
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Plaster of Paris Cast

Figure 84a & b. On both sides, the edges of several layers are cut so that they can be folded backwards.

Figure 85. The edges of these layers are folded back lengthwise.

Figure 86. This is performed on both sides, creating a ridge in the center of the splint, allowing a better 
positioning of the splint on the leg and giving it increased strength.

Figure 87. The layers are picked up at the edges with both hands.

Figure 88. The splint is folded.

84a 84b 85

86 87 88
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Plaster of Paris Cast

Figure 89. It is submersed in a basin of luke-warm water and is rapidly smoothed out on a tabletop.

Figure 90. Care should be taken that the plaster does not dry out or break. The layers are now transposed as a 
whole to the dog and applied to the palmar side of the limb, keeping the dorsal part free of plaster.

Figure 91- 92. While the assistant keeps the plaster splint in place, hydrophilic gauze is wound around the plaster 
and limb, so that the plaster will take the exact anatomical shape of the caudal side of the limb once hardened. 

Figure 93. During the hardening phase, which lasts around 10 minutes, the limb should be kept perfectly still to 
avoid dislocation and breakage of the splint.

89

90

91 92 93
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Plaster of Paris Cast

Figure 94. Once the splint is hardened (becoming warm due to the exothermal reaction), the hydrophilic 
gauze is removed.

Figure 95. The position and edges of the plaster splint are checked. Any sharp edges or corners are removed.

Figure 96. The splint bandage is finished using a layer of padding material.

Figure 97a & b. The  padding material is  applied to the cranial side of the limb, with a smooth transition to 
the plaster cast. 

94 95 96

97a 97b
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Plaster of Paris Cast

Figure 98a & b. Both plaster cast and padding are stabilized using elastic cohesive. The bandage is applied 
from distal to proximal.

Figure 99. The nails of the central toes can be left free so that the position of the cast and undue swelling of 
the toes due to constriction can be checked. Any complication with the cast bandage should be treated as an 
emergency. 

The plaster cast of the hind limb is produced in a similar manner, with the difference that the plaster is applied to the 
cranial side, running from the toenails to the level of the tibial crest. A bivalve cast, including a caudally placed plaster 
cast incorporating the foot, metatarsals and tarsus up to the level of the calcaneal tuber, is ideal to distribute loading 
forces over the entire bandage and away from the fracture zone.

98a 98b 99

Figure 100. Bandages, in general,  should be protected 
outdoors by a watertight protective sock or shoe.

Aftercare

A well-fitting cast will allow immediate weight bearing. Plaster of 
Paris is not water resistant and should be kept bone dry at all times. 
In addition, plasters are not wear-resistant and should be protected 
outdoors by a watertight protective sock or shoe, accordingly 
(Figure 100). A plaster splint may give rise to complications and 
should be checked daily by the owner and at weekly intervals by the 
veterinarian. The owner should check the position of the toes – and, 
thus, the position of the splint – and look for possible swelling of the 
toes. 

Fracture healing usually takes six to eight weeks. The major 
complication during treatment of fractures with plaster casts is 
movement within the cast leading to pressure sores. Premature cast 
removal is very often the only solution to treat these soft tissue 
problems.
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20.2 Bandaging Techniques in Large Animals

20.2.1 Introduction

The most commonly used techniques in large animals concern the following types of bandage:

• Lower limb bandage
• Tarsal bandage 
• Carpal bandage
• Heel and pastern bandage
• Hoof and claw bandage

The surface to be bandaged should be clean and dry. First, a layer of padding should be applied so that the bandage is 
not in direct contact with the skin. The cotton wool layer should not be applied directly to the wound, which should be 
protected by a gauze pad or a sterile, absorbent dressing. The cotton wool should exceed the lower and upper edges of 
the bandage (with the exception of the foot bandage, where the hoof is at the lower end of the bandage and there is not 
a risk of pressure sores) and should fit snugly, without wrinkles, to prevent pressure sores. 

The padding is applied in clockwise or anticlockwise fashion, and the bandage is wrapped in the same direction as the 
padding (counterclockwise in left legs, clockwise in right legs). If the bandage is meant as a support during exercise (for 
example, during racing) then wrap all bandages around the limb in the direction which pulls the flexor tendons towards 
the inside of the limb – anticlockwise on the near (left) side limbs and clockwise on the off (right) side limbs. The 
tendons will then maintain their alignment and weight bearing properties when the animal is exercised.

A good bandage should neither be too loose (risk of slippage) nor too tight (constriction). If the bandage is wet, care 
should be taken not to apply it too tightly as it may shrink during drying. Dry support and pressure bandages may be 
applied tightly. If an elastic bandage is used (e.g., Vetrap®), the roll should first be unwound a little before applying it to 
the layer of cotton wool. This will prevent inadvertently applying the bandage too tight. 

When applying the bandage (except for hoof and claw bandages), squat obliquely sideways of the limb concerned, with a 
good view of the surface to be bandaged. Never take a position straight in front of the limb (because of the risk of kicking 
forward). Try to work with a hand on each side of the limb. Working with two hands at the same side is not practical. 

When finishing the bandage, the knot should be tied in a spot with minimal risk of pressure sores, i.e., not over a hard 
surface (bone or tendon). Square knots should be used because they are more secure and will give less pressure on the 
underlying tissue. The bandage can also be finished with adhesive tape. 

Check bandages daily to make sure they are securely in place and not cutting off circulation.

The following descriptions were designed for right-handed people. Left-handers should work according to a mirror image. 
For the sake of clarity, the illustrations of the bandaging techniques will show the position of the underlying layer only 
once; in all subsequent illustrations, it should be imagined.
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20.2.2 Bandaging Techniques

20.2.2.1 Lower Limb Bandage (Horse)

• The clinician squats besides the leg as indicated. A cotton wool layer is applied to the back of the limb and  
 closed over in front. The padding should reach from well below the fetlock to the knee (Figure 101a & b). 

• The roll of bandage is taken in the right hand in such a manner that it is easy to unroll. The lower limb bandage  
 starts at pastern level. With the left hand, the end of the bandage is grasped behind the leg. This end is placed  
 on the front of the pastern, pointing slightly upwards, over which the first turn will pass (Figure 101b & c). 

• The second turn will pass obliquely over the front of the fetlock, followed by a circular turn above the fetlock  
 (Figure 101d-f). 

• The roll is then passed obliquely downwards over the front of the fetlock and behind the metacarpal bones, 1 to  
 2 cm higher than the first circular turn (Figure 101g & h). 

• The bandage is then wound obliquely upwards over the front of the fetlock, behind the cannon, at the same  
 level as the circular turn (Figure 101i).  

• It is then wound again from back to front and obliquely downwards, etc.  

• The space behind the fetlock is gradually filled by these turns in a figure of eight, which all cross on the dorsal  
 aspect of the fetlock. Only the first turn above the fetlock is circular; all subsequent turns cross downward over  
 the front. Above the fetlock, the bandage remains at the same level, while each turn behind the pastern  
 is placed 1 to 2 cm higher than the previous one. This leads to a so-called “ear of wheat” shaped figure of the  
 bandage on the front of the lower limb (Figure 101j-l). 

• The “pockets” that are inevitably created at the back of the fetlock are covered by each following turn. Turns do  
 not need to be twisted here, so this is rarely done. 

• Once the fetlock is completely covered, the bandage is wound upwards in circles until just under the carpus.  
 The bandage is then secured, with the knot on the in- or outside of the limb in the tendinal groove between  
 tendons and metacarpal bones. The knot of the torn bandage should be placed on the inside of the limb in this  
 groove, or the bandage can be finished with adhesive tape (Figure 101m & n).

In cattle, the lower limb bandage is applied according to the same principle. It is a little easier than in the horse, as the 
dewclaws are covered only by the cotton wool layer, not by the bandage (to avoid pressure sores of the skin underneath 
the dewclaws). This means that relatively few figure of eight turns suffice for a solid support bandage. Afterwards, the 
bandage is wound upwards over the metacarpal bones in circles, as described for the horse (Figure 101o).
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Lower Limb Bandage (Horse)

Figure 101. Schematic representation of a lower limb bandage in the horse.
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20.2.2.2 Carpal Bandage

• The clinician squats as described, within good view of the front of the carpus. The padding is applied as  
 indicated above, i.e., from back to front and closed over in front (Figure 102a & b). The bandage should not be  
 placed too low and should be unrolled in the same direction of the padding as the cotton padding has a  
 tendency to slip down. 

• When applying this bandage, care should be taken to cover the accessory carpal bone (bony prominence at the  
 back of the horse’s carpus) only with padding, and not with bandage, as the skin lies directly over the bony   
 surface with a high risk of pressure sores. 

• The start of the carpal bandage may be compared to the start of the fetlock-cannon bandage: one circular turn  
 underneath the carpus, over the upwards-turned end of the bandage, then crossed over the front of the carpus   
 in an upwards direction. Crossings should be as steep as possible to avoid slippage over the accessory carpal   
 bone (Figure 102c). A circular turn is then made above the carpus. The crossing of the figure of eight occurs on  
 the dorsal aspect of the carpus. 

• The bandage is then crossed over the front of the carpus downwards, behind the metacarpal bones, where the   
 turn is placed 1 to 2 cm higher than the circular turn below the carpus (Figure 102d). 

• It is then crossed over the front of the carpus again for another circular turn above the carpus. This turn is  
 placed at the same level as the first circular turn, as are all subsequent circular turns above the carpus (in   
 contrast to the lower limb bandage, where only one circular turn is made). The repetition of the circular turns   
 above the carpus will help prevent slipping, which is a major risk for this bandage. Below the carpus only the   
 first turn is circular (Figure 102e & f). 

• The bandage is secured above the carpus, at the inside or outside of the leg, after a last circular turn above the  
 carpus. If the bandage has been applied properly, an “ear of wheat” figure is visible on the front (Figure 102g & h). 

• If, in spite of a good technique, the carpus bandage shows signs of slippage, this can be countered by combining  
 it with a lower limb bandage (to be applied first).
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Carpal Bandage (Horse)

Figure 102. Schematic representation of a carpal bandage in the horse.
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20.2.2.3 Tarsal Bandage

• The clinician is positioned as described above, obliquely in front of the limb concerned. In addition to the  
 usual layer of padding, an extra layer of cotton wool is applied to the gastrocnemius tendon for protection  
 of the skin against pressure sores (Figures 103a & b). Care should be taken whilst applying tension on the  
 gastrocnemius tendon. 

• The bandage starts with a circular turn below the tarsus, then obliquely across the front, followed by a circular  
 turn above the tarsus and downwards, crossing over the front again (Figure 103c). 

• The bandage is then wound behind the leg, 1 to 2 cm higher than the circular turn (Figure 103d), and across  
 the front to above the tarsus. As with the fetlock, only one circular turn is placed above the tarsus. The turns  
 below the tarsus only pass behind the leg, with each turn 1 to 2 cm higher and parallel to the previous one.  
 The bandage is continued in a figure of eight fashion in which the crossing of the “eight” occurs on the dorsal  
 aspect of the tarsus. 

• Above the tarsus, each turn is placed at the same level as the circular turn. The calcaneus is not covered  
 (Figure 103e & f). 

• The front of the bandage takes the aspect of an “ear of wheat”. 

• After a final circular turn above the tarsus, the bandage is secured with a knot or with adhesive tape on the  
 inside or outside of the leg (Figure 103g & h).

The three bandaging techniques described above are very similar. The differences are as follows:

Lower limb bandage:
• One single circular turn above the fetlock
• Fetlock included in the bandage

Carpal bandage:
• A circular turn above the carpus each time
• Accessory carpal bone not included in the bandage

Tarsal bandage:
• One circular turn above the tarsus (as well as a circular turn when finishing)
• Calcaneus not included in the bandage
• Extra padding on the gastrocnemius tendon
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Tarsal Bandage (Horse)

Figure 103. Schematic representation of a tarsal bandage in the horse.

20.2.2.4 Heel and Pastern Bandage

These two bandages will be discussed at the same time, as the heel bandage serves as a base for the pastern bandage. 
For the heel bandage, which reaches over the coronet band, padding is required from the ground up to the pastern 
(Figure 104a, shaded part).

Both bandages are easiest to apply if the horse has been shod. The angle formed by the bulbs of the heel and the 
branches of the horseshoe (see arrow, Figure 101f) gives a good support for the bandage. The following description 
relates to a shod horse.
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Heel Bandage

• The clinician is positioned obliquely in front of the limb concerned. The padding is applied from distal to the   
 hoof up to distal of the fetlock. The roll of bandage is held in the right hand (left hand for left-handers), the   
 end of the bandage behind the limb in the left hand. The end is placed on the front of the hoof, pointing slightly  
 upwards. At the back, the bandage is squeezed between the bulbs of the heel and the branches of the    
 horseshoe. It then passes in front over the end of the bandage (Figure 104c & d). 

• The bandage is flipped over one half turn at the inside rear end of the limb. The twisting point is pulled as   
 tightly as possible between the heel and the shoe, after which the bandage is passed as widely as possible over   
 the left heel (Figure 104e & f) to stay high over the front of the hoof, parallel to the crown (Figure 104g & h)   
 and as widely as possible over the right heel to the back (Figure 104i), where the bandage is flipped over half a   
 turn and squeezed between the left heel and the shoe (Figure 104j & k). 

• The bandage is kept low over the front of the hoof, parallel to the crown (Figure 104l), followed by another   
 half turn between right heel and shoe (Figure 104m); then once again widely over the left heel etc., repeating   
 from Figure 104e.  

• The bandage is finished by first pulling the bandage through both angles between shoe and heel (i.e., a half-turn  
 of the bandage in the right angle is pulled through the left angle as well). The bandage is then torn lengthwise   
 up to the left angle, passing one half over the left side of the hoof and the other through both heel-shoe angles,  
 via the right side to the front, tying both ends at the front of the hoof. The knot is tied as high as possible on the  
 hoof just below the crown, or the bandage is finished with adhesive tape (Figure 104t).  

• With this bandage in particular, it is important to work with the hands at either side of the hoof. At the right   
 side, the position of the turns is checked with the left hand.

Pastern Bandage

A pastern bandage starts in the same manner as the heel bandage. The padding should now reach halfway up the 
metacarpal bones (Figure 104a & b).

• The number of turns is repeated (Figure 104e-m) a second time. 

• When arriving at the front of the hoof after having passed widely over the left heel, the area at the back of the  
 pastern is filled with cotton wool in such a manner that it forms a solid, even pillar (Figure 104n). The bandage  
 is then wound in a circular manner around the pastern, to above the fetlock. The first turns in particular should   
 largely cover the previous ones to avoid slippage (Figure 104o-r). 

• This bandage can be finished by a few large downward turns with, at the bottom, a few turns similar to the heel  
 bandage (Figure 104s, 104j, 104k, 104l and 104t). This allows the securing of the lower circular turns. 

• The bandage is knotted as described under the heel bandage or secured with adhesive tape.

In cases where the horse is not shod, the bandage can be applied in a similar manner, where the half turns are placed as 
low as possible between the bulbs of the heel and the ground.

The pastern bandage may also be finished above the fetlock, as in the lower limb bandage.
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Heel and Pastern Bandage (Horse)

Figure 104. Schematic representation of a heel and pastern bandage in the horse.



409

20 - BANDAGING TECHNIQUES

20.2.2.5 Hoof and Claw Bandage

For these bandages, the lower limb concerned is lifted by an assistant or tied to a crush in such a manner that the pastern 
area is completely free. In cattle, the area should include sufficient room above the dewclaws so that several turns of the 
bandage may be placed here. In most cases, the underside of the hoof or claw will be directed at the clinician. However, 
circumstances may arise where the bandage must be applied from the side or even from the front. In all cases, the bandage 
should be applied in the same manner.

• Before applying a padding layer, the underside of the hoof should be filled with cotton wool or another material,  
 such as jute. 

• This is covered by a layer of padding, which should reach up to the fetlock in the horse (apply from front to back,  
 closed over at the back). In cattle, the cotton wool should go well beyond the dewclaws, so that after several  
 turns of bandage around the metacarpal bones the padding material is still visible above the bandage. The   
 interdigital cleft should be padded with cotton wool or gauze before applying the padding layer (Figure 105 a-d).  
 The bandage will be unrolled in the direction of the padding.

Hoof Bandage

• The bandage starts with a single circular clockwise turn around the pastern, over the bandage end, placed   
 pointing downwards at the back of the pastern (in contrast to the other bandages, where the end is pointed  
 upwards) (Figure 105e). 

• The roll of bandage is now at the right of the pastern. From here, an oblique turn is placed to the lower left over  
 the sole of the hoof, then over the front of the hoof to the upper right, to arrive at the same position next to the  
 pastern (first turn, Figure 105f). 
 
• The bandage is then laid across the back of the pastern, passed over the front of the hoof to the lower right,   
 crosses the sole once again to the upper left, and around the front of the pastern to finish once more to the right  
 of the pastern (2nd turn, Figure 105g & h). 

• For the third turn, the bandage is held in the middle back of the pastern, where the bandage is turned at right   
 angles to the toe (Figure 105i). 

• The bandage is passed over the front of the hoof up to the pastern, where it makes a second right angle, ending   
 once more at the right of the pastern (Figure 105j). 

• Following this, a circular turn is placed around the pastern to secure both angles (Figure 105k). 

• This is followed by a turn (fourth), placed between the first and third turn (Figure 105l; like the first turn, but   
 a little nearer to the toe). 

• The fifth turn (Figure 105m) is placed between the second and third (like the second turn, but a little nearer to  
 the toe). In this manner, the toe is covered by five turns.  

• For bandaging the rest of the hoof, no particular rules apply. However, the bandage should be applied in such a   
 manner that the turns fit the hoof snugly and that all padding is covered (Figure 105n-p). 

• The last turn is a near-circular turn around the widest part of the hoof. The bandage is finished at the widest part  
 of the hoof to reduce the risk of loosening of the underlying turns (Figure 105q). 

• The hoof bandage is covered with a protective shoe or bag.
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Hoof Bandage (Horse)

Figure 105. Schematic representation 
of a hoof bandage in the horse.
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Claw Bandage

This bandage differs from the hoof bandage only at the start. 

Claw Bandage After Claw Amputation

This bandaging technique is also useful if the healthy claw (and block) is not to be included in the bandage, e.g., to allow 
weight bearing.

• A circular turn is placed at pastern level, below the dewclaws (over downward pointing bandage end;  
 Figure 107a). 

• The bandage is crossed upwards over the front of the fetlock, followed by a circular turn above the fetlock. 

• The bandage is then crossed downwards over the front of the fetlock (Figure 107b), followed by a circular  
 turn at pastern level. At the front, a half-turn (right angles) is made, and the bandage is passed as widely as  
 possible over the amputation wound, from front to back, close to the healthy claw (Figure 107c & d). 

• A third turn (Figure 107e1) is placed between the previous turn (Figure 107e2) and the circular turn   
(Figure 107e3), over the lateral side of the amputation wound. These three turns (1, 2 and 3) are repeated  
 several times, if necessary, using half-turns, in order to: 

• Give counter pressure
• Obtain a smooth bandage cover over the amputation wound 

• Secure the bandage at pastern level, after which it can be covered with tar (taking care not to include the  
 healthy claw and block; Figure 107f).

Figure 106. Schematic representation of a claw bandage 
in the cow.

• After placing a circular turn at pastern   
 level, below the dewclaws (Figure 106a),   
 the bandage is crossed over the front of the   
 fetlock, followed by one or two circular turns   
 above the fetlock (Figure 106b).  

• The bandage is then crossed back downwards   
 over the front of the fetlock (Figure 106c),   
 after which the claws are bandaged in a similar  
 manner to the hoof (Figure 106d).  

• The claw bandage is covered with a    
 protective bag.

a b c d
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Figure 107. Schematic representation of a claw bandage after one claw 
amputation in the cow.

20.2.3 General Remarks

When a bandage does not fit snugly using 
ordinary bandage turns, a few half twists 
may be placed which allow tightening of 
the bandage. The half twists are preferably 
not placed in areas with a tendency to 
pressure sores (bone, tendon, wound). Half 
twists may also be used if added pressure 
is required in certain areas, for example in 
the case of hemorrhage (Figures 108a-c). 

Eye Bandage
For bandaging an eye, an eye cap is cut 
out of cotton material. A hole is cut at the 
place of the healthy eye. At the level of 
the affected eye, a padding of cotton wool 
is placed, secured with a gauze bandage. 
Holes are also made for the ears. The eye 
cap is kept in place with strings under the 
jaw.

Abdominal Bandage
A gauze dressing is placed on the wound 
for protection. The bandage is made up 
of elastic self-adhesive bandage (e.g., 
Elastoplast® or Vetrap®) and is placed 
in circular turns from cranial to caudal, 
around the abdomen and the back, after 
applying a layer of padded material. Each 
turn overlaps the previous one for around 
one half.

Figure 108. Schematic representation of a half twist bandage in the 
horse.
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