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This fifth edition of Small Animal Surgery (SAS) will quickly 
become your daily go-to surgery reference. We hope that busy 
practitioners and veterinary students alike will find it to be a 
practical, easy-to-use, and highly valuable resource. If you have 
perused previous editions of SAS, you will note that this edition 
has undergone a few significant changes. While we have put a 
substantial effort into providing videos as an important com-
ponent to SAS, as detailed under the Expert Consult section 
below, we have taken care to maintain the well-loved and highly 
appreciated aspects of previous editions, including (1) a limited 
number of contributors, (2) an excellent art program, and (3) 
a consistent format that varies minimally between chapters. 
Because of the numerous online attributes of this edition, it is 
available as a print book as well as on the accompanying Expert 
Consult website. Thus, while providing a practical, traditional 
textbook, we also offer a dynamic way of learning. We are 
extremely proud of this fifth edition and think that it is our best 
yet. We hope you agree.

EXPERT CONSULT
Expert Consult is the platform for the online version of the fifth 
edition of Small Animal Surgery. The website offers online access 
to the complete book, plus videos and some additional features 
such as Aftercare Instruction sheets and content on some Rarely 
Performed Procedures. The website contains the complete text, 
with full search capabilities, as well as references that link to 
PubMed. See the inside front cover of the book for instructions 
on accessing the Expert Consult site.

In the Expert Consult version of this edition, we have included 
numerous videos that should assist with the understanding of 
surgical diseases, help you with making a diagnosis, and dem-
onstrate the specific techniques for the surgical procedures that 
are described. The complexity of the videos ranges from the 
basics of opening a peel pouch and demonstration of a gait 
abnormality to the more intricate manipulations required during 
a surgical procedure. Recognizing the busy nature of veterinary 
practices and the need for concise, specific information, we strived 
to make these videos short and succinct. Thus the disease or 
procedure being demonstrated typically does not have voiceover 
or explanatory title cards. We will continue to add new videos 
throughout the life of this edition and welcome approved videos 
from our colleagues. To provide a video for review and possible 
inclusion, please contact Dr. Fossum at terry.fossum@gmail.com.

In addition to a fully searchable text, Expert Consult offers 
several user-friendly tools that enhance the user experience. You 
will find Rarely Performed Procedures as well as Aftercare 
Instruction templates. To maintain a reasonably sized textbook, 
some of the less commonly performed procedures detailed in 
previous editions were removed from the print book and are 
presented in a fully searchable format (Rarely Performed Pro-
cedures). These procedures may, in some cases, be a historical 
review of procedures that are no longer used in veterinary 
medicine, or they may be the intervention of choice for diseases 
or conditions where surgical intervention is uncommon. The 
Aftercare Instruction templates are meant to be a time-saving 
tool to assist veterinarians and their staff in providing customiz-
able, detailed discharge instructions for their clients.

UPDATES AND AUTHORS
Throughout the text, you will find that we have updated proce-
dures with new information and, in many cases, we have added 
descriptions of entirely new procedures that were either rarely 
used or not used when the previous editions were published. It 
was our goal to make sure that we produced the most state-of-
the-art book possible. Although it has always been our desire to 
provide clinically useful information rather than a monologue 
of research on a given topic, we have addressed the need for a 
review of recent research by providing up-to-date references. To 
make room for newer references, we have removed most references 
that were more than 7 years old from this edition, unless (in 
rare circumstances) the reference was thought to be a “classic.” 
On Expert Consult, the references are directly linked to the original 
article on PubMed for easy access by the reader.

As with previous editions, the bulk of this book was written 
by six surgeons (Drs. Curtis Dewey, Theresa Fossum, Kei Hayashi, 
Catriona MacPhail, MaryAnn Radlinksy, and Kurt Schulz) and 
an internist (Dr. Michael Willard). However, there are also major 
contributions from an anesthesiologist (Dr. Jane Quandt), a sports 
medicine expert (Dr. Janice Huntingford), and two ophthalmolo-
gists (Drs. Audrey Yu-Speight and Jane Cho). Part One, General 
Surgical Principles, has contributions from most of the team. To 
provide additional information on the increasingly important 
subjects of anesthesia and pain management, we have divided 
these topics into two chapters: “Principles of Anesthesia and 
Anesthetics” (Dr. Quandt) and “Pain Management” (Dr. Quandt 
and Dr. Dewey). “Pain Management” includes a new section on 
acupuncture. In addition, throughout the text readers will find 
extensive and comprehensive tables on anesthetic management 
of animals with particular diseases or conditions. These tables, 
originally provided by Dr. Caroline Horn and updated for this 
edition, provide detailed information on the preoperative, 
intraoperative, and postoperative management of surgical cases 
in an easy-to-read format, complete with drug doses. Practitioners 
will find these tables to be a very useful, quick reference.  
“Fundamentals of Physical Rehabilitation” (Chapter 11) has been 
extensively revised by Dr. Janice Huntingford, who is a Diplomate 
of Canine Rehabilitation and Sports Medicine. The topic of 
regenerative medicine has been updated by Dr. Schulz and is now 
included in the chapter “Principles of Orthopedic Surgery and 
Regenerative Medicine” (Chapter 31). Chapter 14, updated by 
Drs. Willard and Schulz, includes principles of minimally invasive 
surgery (MIS) and a practical guide to imaging of the surgical 
patient. Techniques of endoscopy and MIS for specific conditions 
and diseases can be found throughout the text.

Drs. Catriona MacPhail and MaryAnn Radlinsky were 
responsible for much of Part Two, Soft Tissue Surgery. Dr. Kurt 
Schulz, and a new addition to the SAS team, Dr. Kei Hayashi, 
provided the material encompassed in Part Three, Orthopedics. 
Dr. Curtis Dewey updated the neurology chapters in Part Four, 
Neurosurgery. Drs. Audrey Yu-Speight and Jane Cho, both board-
certified ophthalmologists, extensively updated Chapter 16, 
“Surgery of the Eye.” Lastly, Dr. Mike Willard reviewed and 
provided his perspective on many of the chapters so that we can 
provide the most up-to-date information on the medical manage-
ment of surgical disease.
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specific recommendations for physical rehabilitation can be 
found throughout the orthopedic and neurologic chapters. 
Chapter 12 provides basic information on anesthesia techniques 
and drugs with important information for practitioners, and 
Chapter 13 details pain management. As previously noted, we 
have attempted to give an overview of anesthetic and analgesic 
techniques while providing detailed protocols for the manage-
ment of specific diseases in the various chapters in Parts Two, 
Three, and Four. These anesthetic tables have been expanded 
in this edition to include preoperative and postoperative 
management suggestions for these cases and include recom-
mendations for analgesia as well as suggestions for monitoring  
these cases.

Parts Two, Three, and Four contain information on soft tissue 
surgery, orthopedic surgery, and neurosurgery, respectively. These 
chapters are divided into a section detailing general principles 
and a section on specific diseases. The General Principles and 
Techniques portion begins with definitions of procedures and  
terms relevant to the organ system detailed. Next are sections 
detailing information on preoperative concerns and anesthetic 
considerations. This is followed by a discussion on antibiotic 
use (including recommendations for antibiotic prophylaxis)  
and a brief description of pertinent surgical anatomy. Anatomy 
is too often neglected in surgical textbooks or, because of  
formatting, is not well correlated with the techniques in a given 
chapter. We have circumvented this problem by including  
it as a separate and consistent heading under General Principles 
and Techniques. Surgical techniques that are broadly applicable 
to a number of diseases are also detailed in this section. However, 
if a surgical procedure is specific to a particular disease, the 
description of the technique is found instead with the specific 
disease description. Brief discussions on healing of the  
specific organ or tissue as well as suture material and special 
instruments follow the surgical techniques descriptions. The final 
headings in the General Principles and Techniques section are 
Postoperative Care and Assessment, Complications, and Special 
Age Considerations.

The Specific Diseases portion of each chapter begins with 
definitions and, when relevant, synonyms for the disease or 
techniques. Next, general considerations and clinically relevant 
pathophysiology are detailed. This information is meant to provide 
practical material for case management, rather than to serve as 
a supplemental text for pathophysiology. The discussions of 
diagnoses are detailed and include information on signalment 
and history, physical examination findings, diagnostic imaging, 
and pertinent laboratory abnormalities. Sections on differential 
diagnoses and medical management of affected animals are con-
sistently provided. These are followed by a detailed description 
of the relevant surgical techniques. We have attempted to detail 
most commonly used techniques, although we may have noted our 
preference for a particular method. Information on positioning 
patients for a given procedure is provided as a separate heading. 
The remainder of the Specific Diseases section deals with postop-
erative care of the surgical patient, potential complications, and  
prognosis.

Although some of the procedures in this text are best per-
formed only by surgeons with advanced training, we believe 
that practitioners referring these cases should be provided 
with adequate information regarding the surgery to talk with 
their clients in a detailed and knowledgeable fashion; thus 
we have elected to include some advanced procedures in this 

CONTENT
We have added a significant amount of new information to the 
text and have maintained the way we reorganized the coverage 
of minimally invasive procedures to make the text more  
user friendly. As with the fourth edition, we have a separate 
chapter on minimally invasive surgery that covers the basics of 
endoscopy, thoracoscopy, laparoscopy, and arthroscopy. However, 
we have also included the descriptions of minimally invasive 
procedures directly within the specific chapters where they are 
applicable. For example, when you read about surgical pericar-
diectomy, a description of thoracoscopic pericardiectomy directly 
follows.

As with previous editions, we believe that to be successful, 
surgeons must have detailed knowledge of the important issues 
regarding diagnosis, an awareness of potential differential 
diagnoses, and a thorough appreciation of preoperative concerns 
relative to the animal’s disease or condition. These sections  
are each outlined in the text. In addition, anesthetic concerns, 
surgical anatomy, wound healing, postoperative concerns,  
and potential complications are detailed. The surgical technique 
itself is described in detail, which provides the reader with a 
comprehensive and thorough description of each procedure. 
The surgical procedure is discussed in blue italicized type to  
make it easy to distinguish from the rest of the text. While  
we did debate the practicality of including advanced procedures 
in this textbook, we decided that practitioners would benefit 
greatly from a better understanding of the procedures, even 
though they likely would choose to refer these cases to a special-
ist. With this in mind, we have marked some procedures  
as “advanced” to forewarn readers of the difficulty of the pro-
cedure. While the difficulty of any procedure lies primarily  
with the experience of the surgeon, the procedures denoted  
with the special icon  are ones that the authors find particu-
larly challenging and thus would recommend that they be 
performed by someone with advanced training or special 
expertise in that area.

GENERAL FORMAT
This book is composed of 44 chapters and is organized into four 
parts. The 14 chapters of Part One, General Surgical Principles, 
were written with veterinary medical students and practitioners 
in mind. The information contained in these chapters is what we 
teach our students in their introductory surgery courses. Found 
within these chapters is detailed information on the basics of 
sterile technique, surgical instrumentation, suturing, preoperative 
care, and rational antibiotic use. We have emphasized the use 
of scrubless and/or waterless surgeon prep solutions and new 
patient prep solutions in the chapters on patient and surgeon 
preparation. Although these solutions and techniques are not 
particularly new, studies suggest that they are not well known or 
frequently used by practicing veterinarians. Chapter 10 contains 
information on postoperative care, including new consideration 
on the nutritional management of surgical patients. Because 
nutrition affects many body systems and is an important adjunct 
to case management, we have included detailed information 
on techniques for hyperalimentation in this chapter. Chapter 
11 details the basics of physical rehabilitation in veterinary 
patients. We believe that physical rehabilitation is underutilized 
in many veterinary practices. In addition to this basic chapter, 
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are color coded and are marked with distinct icons for easy 
content identification, as follows:

?  Calculations

 General Treatment

 Analgesics/Postoperative Care/Pain Management

 Diagnosis/Differential Diagnosis

 Key Points

 Anesthetics/Sedation

 Clinical Signs

 Antibiotics

 Complications

 Causes/Etiology

 Classification of Disease

ART PROGRAM
We were extremely privileged to work with our original illustrator, 
Laura Pardi Duprey, on this fifth edition. In addition to being an 
incredibly skilled artist, she has an extremely broad-based and detailed 
knowledge of anatomy. You will find the illustrations in this text 
exceptionally clear and accurate. We have added many new images, 
and revised many more, in our attempt to make this book among 
the best illustrated textbooks in veterinary medicine.

We have added new artwork to existing procedures, and you 
will find that there are more color illustrations in this edition 
than in the last. In fact, nearly the majority of the illustrations 
in this edition are in full color.

INDEX
The index of Small Animal Surgery is thorough and exhaustive. 
We have avoided cross-referencing readers to separate entries in 
the index. Rather, we have opted to duplicate page sources each 
time a topic is listed because we believe that this is the most 
useful format for practitioners.

SUMMARY
Regardless of where you practice or when you graduated, it is the 
hope of the entire Small Animal Surgery team that you find this 
edition to be an extremely user-friendly, informative text that assists 
you in diagnosing and treating surgical conditions. We welcome 
your feedback and suggestions on what you appreciate about this 
textbook and what we might do to improve future editions. Please 
feel free to send your comments to terry.fossum@gmail.com.

textbook as well as procedures more commonly performed in 
general practice. As with all surgical procedures, the surgeon 
must exercise judgment as to what their qualifications 
and experience are in reference to performing a particular  
procedure.
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Principles of Surgical Asepsis

1 

PART ONE  General Surgical Principles

Infection remains one of the most potentially devastating and 
challenging complications of surgery. Infection in a veterinary 
surgical practice may occur during surgery or any time during 
hospitalization. It is incumbent upon the veterinary practitioner 
and staff to ensure that all possible measures are taken to reduce 
the risk of iatrogenic infection.

ASEPSIS VERSUS STERILITY
The terms aseptic technique and sterile technique are used inter-
changeably by some authors (Box 1.1), but in strict terms, asepsis 
is defined as the absence of microorganisms that cause disease, 
whereas sterile is defined as being free of all living microorganisms. 
Therefore techniques to maintain sterility are more appropriate 
for the operating room (OR) setting, but aseptic principles should 
be applied to the entire hospital. Outside the OR, these techniques 
have been referred to as medical asepsis and are designed to 
protect both the patient and hospital staff.

The complete absence of microorganisms cannot be achieved 
in a hospital environment, but use of aseptic techniques substantially 
aids in the control of pathogens and decreases the risk of infection 
for patients and staff. When specific procedures are discussed in 
this text, aseptic technique has been referred to as clean technique. 
Sterile technique (see Box 1.1) applies to work performed in a 
sterile field. The higher level of protection in a sterile field is critical 
because the natural defenses of the patient are breached by surgical 
incision, puncture, or introduction of instruments into the vascular 
system. Studies in human surgical practice have attempted to 
determine when sterile technique versus aseptic technique is 
necessary for certain minor procedures. For example, arthrocentesis 
(see p. 1136) performed under sterile technique might require the 
use of sterile gloves, a sterile patient preparation kit, and a small 
drape, whereas the same procedure performed using clean or aseptic 
technique would require only nonsterile gloves and an alcohol 
wipe. The differences in time and cost involved for sterile technique 
versus clean technique can be substantial.

TRANSMISSION OF MICROORGANISMS
Numerous sources of microorganisms are found in veterinary 
hospitals, but as in human hospitals, the hospital staff is the most 
likely means of transmission. Other sources of transmission include 
contaminated instruments and the environment. The specific 
means of transmission from staff to patient include airborne, 

droplet, and contact. Airborne and droplet types of transmission 
of microorganisms are common in human hospitals but less 
common in veterinary hospitals because of the low incidence of 
reverse zoonosis (transmission of disease from human to nonhuman 
animals). Contact, in which pathogenic microorganisms are 
transferred to the patient from another patient or from an envi-
ronmental source, is the most common method of microorganism 
transmission in veterinary hospitals. During surgery, contact may 
also be responsible for transmission of the patient’s own micro-
organisms from the skin or nasopharynx to the surgical wound.

Sources of Contamination
Sources of contamination may be divided into animal sources 
and inanimate sources.

Animal Sources
Sources of microorganisms from patients include the skin, hair, 
nasopharynx, and other orifices such as the vulva or anus.

Inanimate Sources
The primary sources of microorganisms from inanimate objects 
are fomites and air. A fomite is any inanimate object capable of 
carrying infectious organisms. Fomites may include the hospital 
structure (walls, floors, etc.), furniture, equipment, implants, 
and cleaning equipment. Protocols must be established to 
maintain an aseptic environment by having scheduled cleansing 
of potential fomites and regular monitoring for possible hospital-
borne infections (see Chapter 3).

Airborne Sources
One cubic foot of air contains thousands of particles, which can 
increase to more than 1 million particles during a lengthy surgical 
procedure. This increase is due to traffic into and out of the 
room and other air currents that develop. Particles in air are 
significant sources of microorganisms and may be responsible 
for 80% to 90% of microbial contamination of a surgical wound. 
Primary sources of microorganisms found in the air include the 
floor, the hospital staff, and the patient.

PRINCIPLES OF HOSPITAL ASEPSIS
Minimization of infection in a surgery practice involves applying 
principles of aseptic technique throughout the hospital. Goals are 
to minimize sources of contamination and to block transmission 
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ABSTRACT
Infection remains one of the most potentially devastating and 
challenging complications of surgery. Surgeons must understand 
the concepts of asepsis and sterility, how microorganisms are 
transmitted in the hospital, and how to prevent infection.

KEYWORDS
Asepsis
Sterility
Disinfection
Aseptic Technique
Sterile Technique
Contamination
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should be maintained and monitored constantly; and (8) surgical 
staff should be trained to recognize when they have broken 
technique and should know how to remedy the situation.

of microorganisms. Some techniques that aid in reduction of the 
quantity of pathogenic microorganisms are listed in Box 1.2.

STERILE TECHNIQUE
All surgical procedures are ideally performed under sterile condi-
tions. Sterile technique is designed to prevent the transmission of 
microorganisms into the body during surgery or other invasive 
procedures. General principles of aseptic technique should be 
familiar to all personnel working in and around the surgical 
environment (Table 1.1). These principles include the following: 
(1) use only sterile items within a sterile field; (2) sterile (scrubbed) 
personnel are gowned and gloved; (3) sterile personnel operate 
within a sterile field (sterile personnel touch only sterile items or 
areas, unsterile personnel touch only unsterile items or areas); (4) 
sterile drapes are used to create a sterile field; (5) all items used 
in a sterile field must be sterile; (6) all items introduced onto a 
sterile field should be opened, dispensed, and transferred by 
methods that maintain sterility and integrity; (7) a sterile field 

Modified from Philips N. In: Berry and Kohn’s Operating Room Technique. 13th ed. 
St. Louis: Elsevier; 2017.

BOX 1.1  Glossary
Antisepsis  Prevention of sepsis by exclusion, destruction, or inhibition 

of growth or multiplication of microorganisms from body tissues and 
fluids.

Antiseptics  Inorganic chemical compounds that combat sepsis by 
inhibiting growth of microorganisms without necessarily killing them. 
Used primarily on skin to stop the growth of resident flora.

Asepsis  Absence of microorganisms that cause disease.
Aseptic technique  Method to prevent contamination by 

microorganisms.
Barrier  A material used to reduce or inhibit the migration or transmis-

sion of microorganisms in the environment: personnel attire and gowns, 
furniture and patient drapes, equipment and supply packaging, and 
ventilating filters.

Contaminated  Carrying or infected by microorganisms.
Cross-contamination  Transmission of microorganisms from patient 

to patient or from inanimate object to patient.
Decontamination  Cleaning and disinfecting or sterilizing processes 

carried out to make contaminated items safe to handle.
Disinfection  Chemical or mechanical (friction) destruction of 

pathogens.
High-level disinfection  Used for equipment/instruments that contact 

the skin or mucous membranes but do not penetrate the body (semicritical 
items; see Table 1.2) and where sterility is not required.

High-level sterilization  Required when a surgical instrument or 
medical device enters beneath the skin or mucous membranes (critical 
items; see Table 1.2).

Irreducible minimum  Microbial burden cannot get any lower; item 
is sterile to its highest degree.

Low-level disinfection  Used for noncritical items (see Table 1.2) 
where the instrument or device contacts skin but does not penetrate 
the body or mucous membranes.

Spatial relationships  Awareness of sterile, unsterile, clean, and 
contaminated areas, objects, and individuals and their proximity to each 
other.

Standard precautions  Procedures followed to protect personnel 
from contact with the blood and body fluids of patients.

Sterile  Free of living organisms.
Sterile field  Area around the site of incision into tissue or the site 

of introduction of an instrument into a body orifice that has been prepared 
using sterile supplies and equipment.

Sterile technique  Method by which contamination with microorganisms 
is prevented to maintain sterility throughout the surgical procedure.

Terminal sterilization and disinfection  Procedures carried out for 
the destruction of pathogens at the end of the surgical procedure in the 
operating room after the patient has been removed.

BOX 1.2  Techniques That Aid in Reduction 
of the Quantity of Pathogenic 
Microorganisms
•	 Regular hand washing by hospital staff
•	 Use of nonsterile or sterile gloves when handling likely sources of 

pathogens, including high-risk patients (e.g., patients with known 
infection or wounds), equipment (e.g., contaminated sponges), and 
hospital surfaces

•	 Cleaning or disposal of equipment between patients
•	 Containment of contaminated supplies and equipment
•	 Proper storage of equipment
•	 Regular equipment cleaning protocols
•	 Proper handling of soiled laundry
•	 Scheduled cleaning of hospital surfaces
•	 Proper maintenance of hospital heating, ventilation, and air conditioning 

systems
•	 Minimization of unnecessary traffic
•	 Isolation of patients with known pathogenic microorganisms

NOTE  You must know what equipment and supplies are sterile 
and what are not sterile and keep the two apart. If contamination 
occurs, remedy the contamination immediately.

STERILIZATION AND DISINFECTION

Sterilization is the destruction of all microorganisms (bacteria, 
viruses, spores) on an item. It usually refers to objects (e.g., 
instruments, drapes, catheters, needles) that come in contact with 
tissue or enter the vascular system. Disinfection is the destruction 
of most pathogenic microorganisms on inanimate (nonliving) 
objects, whereas antisepsis is the destruction of most pathogenic 
microorganisms on animate (living) objects. Neither disinfection 
nor sterilization claims to kill or inactivate all microorganisms. 
The level of disinfection or sterilization needed depends on what 
the object (instrument or medical device) is being used for. Given 
that all invasive procedures involve contact with a patient’s sterile 
tissue or mucous membranes, it is essential that appropriate 
techniques for disinfection and sterilization be utilized by vet-
erinary surgeons. High-level sterilization is required when a surgical 
instrument or medical device enters beneath the skin or mucous 
membranes (critical items; Table 1.2). These instruments and 
implants must be handled using sterile technique. Equipment 
that contacts the skin or mucous membranes only for surgical 
purposes without penetrating the body must be cleaned and 
disinfected to reduce the level of microorganisms, but sterility is 
not required. High-level disinfection is generally used for such 
items (semicritical items; see Table 1.2); terminal sterilization is 
common with some of these instruments, but sterility is not 
maintained during the procedure. Low-level disinfection (for 
noncritical items; see Table 1.2) is needed when the instrument 
or device contacts skin but does not penetrate the body or mucous 
membranes.1 Antiseptics are used to kill microorganisms during 
patient skin preparation and surgical scrubbing (see Chapters 5 
and 6); however, the skin is not sterilized. Cleaning is generally 
restricted in meaning to the physical removal of surface contami-
nants, usually with detergents or soap and water, ultrasound, or 
other methods. Although cleaning does remove soils and bacteria, 
it does not kill or inactivate viruses or bacteria.
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TABLE 1.1  General Rules of Aseptic Technique
Rule Reason

Surgical team members remain within the sterile area. Movement out of the sterile area may encourage cross-contamination.

Talking is kept to a minimum. Talking releases moisture droplets laden with bacteria.

Movement in the operating room (OR) by all personnel is kept to a 
minimum; only necessary personnel should enter the OR.

Movement in the OR may encourage turbulent airflow, resulting in 
cross-contamination.

Nonscrubbed personnel do not reach over sterile fields. Dust, lint, or other vehicles of bacterial contamination may fall on the 
sterile field.

Scrubbed team members face each other and the sterile field at all times. A team member’s back is not considered sterile even if wearing a 
wraparound gown.

Equipment used during surgery must be sterilized. Unsterile instruments may be a source of cross-contamination.

Scrubbed personnel handle only sterile items; nonscrubbed personnel 
handle only nonsterile items.

Nonscrubbed personnel and nonsterile items may be sources of 
cross-contamination.

If the sterility of an item is questioned, it is considered contaminated. Nonsterile, contaminated equipment may be a source of cross-
contamination.

Sterile tables are sterile only at table height. Items hanging over the table edge are considered nonsterile because 
they are out of the surgeon’s vision.

Gowns are sterile from mid-chest to waist and from gloved hand to 2 inches 
above the elbow.

The back of the gown is not considered sterile even if it is a 
wraparound gown.

Drapes covering instrument tables or the patient should be moisture proof. Moisture carries bacteria from a nonsterile surface to a sterile surface 
(strike-through contamination).

If a sterile object touches the sealing edge of the pouch that holds it during 
opening, it is considered contaminated.

Once opened, sealed edges of pouches are not sterile.

Sterile items within a damaged or wet wrapper are considered 
contaminated.

Contamination can occur from perforated wrappers or from strike-
through from moisture transport.

Hands may not be folded into the axillary region; rather, they are clasped in 
front of the body above the waist.

The axillary region of the gown is not considered sterile.

If the surgical team begins the surgery seated, they should remain seated 
until the surgery has been completed.

The surgical field is sterile only from table height to the chest; 
movement from sitting to standing during surgery may promote 
cross-contamination.

TABLE 1.2  Levels of Sterility and Disinfection
Level of 
Sterility Definition

Requirements for Sterilization, Cleaning, 
and Handling Examples

Critical Equipment or implants entering 
sterile tissue of the vascular 
system

Requires sterilization
Handle with sterile technique

Implants
Catheters
Surgical instruments
Laparoscopes
Suture material
Biopsy forceps
Arthroscopesa

Semicritical Equipment that does not penetrate 
the body; they contact the skin or 
mucous membranes only

Requires high-level disinfection
Must be cleaned before disinfection
Sterility generally not maintained during procedure

Vaginoscopes
Colonoscopes
Flexible endoscopesa

Some dental instruments
Endotracheal tubes

Noncritical Instruments that contact the mucous 
membranes or intact skin not 
directly associated with surgery

Terminal cleaning recommended between patients
Disinfection appropriate in some cases

Laryngoscopes
Ultrasound probes not used in the body
Blood pressure cuffs
ECG leads
Pulse oximeters
Stethoscopes

aThe incidence of infection associated with endoscope use is low, but infections have occurred; thus at a minimum they should be subjected to high-level disinfection  
after each use.
ECG, Electrocardiogram.

REFERENCE
1.	 Rutala WA, Weber DJ. Disinfection, sterilization and antisepsis: an 
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Regardless of the sterilization technique used, instruments and 
linens (e.g., towels, gowns, drapes) must be cleaned of gross 
contamination. Instruments should be cleaned manually or with 
ultrasonic cleaning equipment and appropriate disinfectants as 
soon as possible after surgery, and linens should be laundered. 
Depending on use, surgical instruments and supplies must then 
be either sterilized or disinfected (see Chapter 1 and Table 1.2).

CLEANING
Cleaning should be done as soon as possible after use of the 
instrument to prevent drying and caking of blood and other 
debris on the item. It is a vital step as it removes organic material 
and inorganic salts that interfere with sterilization. Water with 
detergents or enzymatic cleaners are used, and it may be done 
mechanically (e.g., ultrasonic cleaner, dishwasher, utensil washer/
sanitizer) or manually.

DISINFECTION
High-level disinfectants destroy all microorganisms with the 
exception of some bacterial spores1 and may be accomplished 
via liquid immersion (see later) or pasteurization. Low-level 
disinfection destroys vegetative bacteria, as well as some viruses 
and fungi, but typically does not kill spores or mycobacteria. 
Disinfectants include peracetic acid–hydrogen peroxide, glutar-
aldehyde, hydrogen peroxide, improved hydrogen peroxide (2%), 
ortho-phthalaldehyde (OPA), peracetic acid, ethylene oxide (EtO), 
heavy metal ions, or dyes. Common disinfectants, their uses, 
and necessary precautions are listed in Tables 2.1 and 2.2.

STERILIZATION
The reliability of any sterilization method depends on the number, 
type, and inherent resistance of microorganisms on the items 
to be sterilized and whether other materials (e.g., soil, oil) that 
may shield against or inactivate the sterilizing agent are present 
on the items. Methods to sterilize equipment or supplies include 
(1) high temperature, (2) low temperature, or (3) liquid immer-
sion. Advantages and disadvantages of commonly used sterilization 
technologies are summarized in Table 2.2. High-temperature 
(steam autoclave or dry heat) sterilization may be used for heat-
tolerant critical and semicritical items; however, the high tem-
perature and moisture of a steam autoclave make it unusable 
for many of today’s devices. Likewise, dry-heat sterilization 
produces temperatures that cannot be tolerated by most devices 
and is seldom used. Low-temperature sterilization systems (e.g., 
EtO gas, hydrogen peroxide gas plasma, hydrogen peroxide and 
ozone, hydrogen peroxide vapor; see Table 2.2) are used for 
heat-sensitive critical and semicritical items (see also Table 1.2). 

Liquid immersion includes chemical sterilants such as glutaral-
dehyde, glutaraldehyde with phenol, and various concentrations 
of hydrogen peroxide with peracetic acid (see Tables 2.1 and 
2.2).1 Devices cannot be wrapped when using liquid sterilants, 
and they typically need to be rinsed with water that often is not 
sterile, which limits their usefulness.

Steam Sterilization
Saturated steam under pressure is a practical and dependable 
agent for sterilization of heat-tolerant medical supplies and 
packaging. Steam rapidly destroys all known microorganisms 
by means of coagulation and cellular protein denaturation. To 
ensure the destruction of all living microorganisms, the correct 
relationship between temperature, pressure, and exposure time 
is critical. The unit used to create this high-temperature, pres-
surized steam is called an autoclave. Certain types of microorgan-
isms have greater inherent heat resistance than do other organisms. 
Spores of thermophilic aerobes and anaerobes are the most 
resistant known forms of life to moist heat. Virus particles are 
more vulnerable to steam sterilization than are spores.

Types of Steam Sterilizers
Gravity Displacement Sterilization
The most commonly used steam sterilizer in veterinary practice 
is the gravity (or “downward”) displacement sterilizer (Figs. 2.1 
and 2.2). This sterilizer works on the principle that air is heavier 
than steam. Supplies to be sterilized are loaded into the inner 
chamber. A narrow, outer jacket-type chamber surrounds the 
inner chamber. Pressurized steam from the narrow, outer chamber 
enters the inner chamber and surrounds the supplies. Air in the 
inner chamber is pulled downward by gravity to the floor and 
exits through a temperature-sensitive valve. As steam accumulates 
and the temperature increases, the steam-release valve closes. 
Because the function of this sterilizer is based on the ability of 
air to move to the bottom of the autoclave, careful wrapping 
(see p. 12) and loading of supplies are critical. Table 2.3 shows 
the recommended sterilization times for commonly sterilized 
items. See Table 2.4 for minimum time and temperature standards 
for various types of steam sterilizers.

Prevacuum Sterilization
The prevacuum sterilizer relies on air being actively pulled out 
of the inner chamber, thereby creating a vacuum. Steam is injected 
into the chamber to replace the air. This method of sterilization 
provides greater steam penetration in a shorter time than the 
gravity displacement sterilizer (see Table 2.4).

Immediate-Use Steam Sterilization
Immediate-use, emergency, or “flash” sterilization is performed 
when an unwrapped, nonsterile item must be sterilized quickly. 
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ABSTRACT
Proper preparation and storage of surgical equipment and supplies 
are critical to minimizing the risk of surgical infections and 
maintaining the quality of surgical equipment. A thorough 
understanding of the concepts of sterilization and disinfection 
is critical. Surgeons and staff should be familiar with differing 
methods of sterilization and storage of equipment.

KEYWORDS
Disinfection
Sterilization
Surgical equipment
Surgical instruments
Surgical supplies
Shelf life
Equipment packaging
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alkylation of proteins, deoxyribonucleic acid (DNA), and ribo-
nucleic acid (RNA). Advantages and disadvantages of EtO are 
given in Table 2.2. Flexible endoscopes typically require special 
EtO caps that prevent rupture of the outer plastic layer. The 
time required for sterilization depends on the concentration of 
EtO, the humidity level, the temperature, and the volume, density, 
and types of materials to be sterilized. Most items are sterilized 
at 54.4°C (130°F) for approximately 2.5 hours; heat-sensitive 
items are sterilized at 37.8°C (100°F) for approximately 5 hours. 
The manufacturer’s recommendations for EtO exposure time 
must be followed. Compact, tabletop units (Fig. 2.4) are available 
that have combinations of ventilation and purge systems (e.g., 
Anprolene, Anderson Products). The most common veterinary 
units run on 12- and 24-hour cycles and operate at room 
temperature.

Items should be clean and dry before EtO sterilization; 
moisture and organic material bond with EtO and leave a toxic 
residue. If an item cannot be disassembled and all surfaces cleaned, 
it cannot be sterilized. Items are packed and loaded loosely in 
the sterilizer to allow gas circulation. Complex items (e.g., power 
equipment) are disassembled before processing (see p. 13). Items 
that cannot be sterilized with EtO include acrylics, some phar-
maceutical items, and solutions.

The effectiveness of EtO sterilization may be changed by lumen 
length, lumen diameter, inorganic salts, and organic materials. 

A gravity displacement sterilizer is used for this purpose. The 
item is placed unwrapped in a perforated metal tray and is 
sterilized according to the manufacturer’s time and temperature 
recommendations (see Table 2.4). With detachable handles, 
sterilized items are transported to the operating room (OR) in 
the metal tray. It is difficult to deliver these devices aseptically; 
the tray is hot, wet, and unwrapped, which means it collects 
dust, debris, and microorganisms more readily than dry, cool 
trays with biobarrier protection. This type of sterilization should 
be used only in emergencies when no alternative is available. 
Immediate-use sterilization generally is not recommended for 
implantable medical devices or power equipment unless specifi-
cally approved by the manufacturer. If an implant must be flashed, 
a “rapid read” biological spore test is used and can be read in 1 
hour for a flash cycle. In flash sterilization, it is important to 
minimize the risk of contamination during transportation. The 
sterilizer should be located in the restricted area of the surgical 
suite or treatment site. It is advised to use rigid sterilization 
container systems (that are validated for use in immediate-use 
sterilization; Fig. 2.3) and the single-wrapper technique.

Chemical (Gas) Sterilization
Ethylene Oxide
EtO is a flammable, explosive gas that kills microorganisms by 
altering their normal cellular metabolism and replication through 

TABLE 2.1  Common Disinfectants/Sterilants Used in Veterinary Practice

Agent Practical Use
Disinfectant 
Properties

Antiseptic 
Properties

Mechanisms of 
Action Precautions

Alcohol: isopropyl 
alcohol (50%–70%); 
ethyl alcohol (70%)

Spot cleaning; injection 
site preparation

Good Very good Protein denaturation, 
metabolic interruption, 
and cell lysis

Corrosive to stainless steel; volatile; 
damage to shellac mountings of 
lensed instruments; hardens rubber 
and some plastic tubing after 
prolonged use; irritating to tissues

Chlorine compounds: 
hypochlorite

Cleaning floors and 
countertops

Good; available 
as liquid 
(sodium 
hypochlorite) or 
solid (calcium 
hypochlorite)

Fair Release of free 
chlorine and oxygen

Inactivated by organic material; 
corrosive to metal; may cause skin 
irritation and esophageal burns if 
ingested; discolors fabric

Iodine compounds: 
iodophors (7.5%) 
scrub solution

Cleaning dark-colored 
floors and countertops

Good Good Iodination and oxidation  
of essential molecules

Stains fabric and tissue; do not use 
on silicone tubing

Glutaraldehyde: 2% 
alkaline solution

Disinfection of lenses 
and delicate 
instruments

Good; sterilizes None Protein and nucleic acid 
alkylation

Tissue reaction; odor; rinse 
instruments well before using; can 
be highly toxic

Hydrogen peroxide Often used as an 
antiseptic; stabilized 
form used on 
environmental surfaces

Good Very good, 
particularly 
against 
anaerobic 
bacteria

Formation of free 
hydroxyl radicals 
(OH), which oxidize 
thiol groups in 
enzymes and proteins

May be irritating to skin at high 
concentrations; irritating to eyes

Ortho-phthalaldehyde 
(OPA)

Chemical sterilant similar 
to glutaraldehyde but 
not irritating to eyes 
and nasal passages

Good; sterilizes; 
fast acting

None Aldehyde binds to the 
outer cell wall of the 
organism (similar to 
glutaraldehyde)

Doesn’t smell but wear personal 
protective equipment when 
handling; provide good ventilation; 
rinse equipment thoroughly

Peracetic acid Used in automated 
machines to chemically 
sterilize instruments

Good; effective 
in presence of 
organic 
material; very 
rapid kill; no 
harmful residue

None Denatures proteins, 
disrupts cell wall 
permeability, and 
oxidizes sulfhydryl 
and sulfur bonds in 
proteins, enzymes, 
and other metabolites

Unstable; quickly loses activity, 
particularly when diluted; corrosive; 
irritating to eyes, skin, and 
respiratory system; can corrode 
copper, brass, bronze, and 
galvanized iron
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TABLE 2.2  Methods to Sterilize or Disinfect Surgical Instruments, Implants, and Devices
Classification 
of Items

Level of Germicidal 
Action Type of Sterilization/Disinfection Advantages Disadvantages

Critical (surgical 
instruments, 
implants, 
cardiac 
catheters)

Kills all microorganisms, 
including spores

Sterilization
•	 Steam (autoclave) •	 Nontoxic

•	 Easy to use
•	 Inexpensive
•	 Rapid acting
•	 Penetrates packing 

and lumens

•	 Deleterious for heat-labile 
items

•	 Must be used carefully to 
avoid burns

•	 Hydrogen peroxide gas plasma •	 Safe to use; no toxic 
residues

•	 Fast cycle time; 
aeration not needed

•	 Process temp 50°C 
(122°F); safe for 
heat- and moisture-
sensitive items

•	 Simple to operate

•	 Cannot process cellulose 
(paper), linens, or liquids

•	 Requires synthetic 
(polypropylene) packaging and 
special container trays

•	 Cannot process large or bulky 
items because chamber is 
small

•	 Ethylene oxide •	 Effective
•	 Penetrates medical 

packaging
•	 Easy to monitor and 

control

•	 Potential hazard to staff
•	 Long aeration times required

•	 Vaporized hydrogen peroxide •	 Safe to use; no toxic 
residues

•	 Fast cycle time; 
aeration not needed

•	 Safe for heat- and 
moisture-sensitive 
items

•	 Cannot process large or bulky 
items because chamber is 
small

•	 Cannot use for liquid, linens, 
powders, or cellulose materials

•	 Requires synthetic 
(polypropylene) packaging and 
special container trays

Semicritical 
(endoscopes, 
anesthesia 
equipment)

Kills all microorganisms 
except high numbers 
of bacterial spores; 
high-level disinfectant

•	 Glutaraldehyde (Glu); ≥2.0%
•	 Ortho-phthalaldehyde; 0.55%
•	 Hydrogen peroxide; 7.5%
•	 Hydrogen peroxide + peracetic acid 

1.0%/0.08%
•	 Hydrogen peroxide + peracetic acid 

7.5%/0.23%
•	 Hypochlorite (free chlorine); 

650–675 ppm
•	 Accelerated hydrogen peroxide; 2%
•	 Peracetic acid; 0.2%
•	 Glu + isopropanol; 3.4%/26.0%
•	 Glu + phenol/phenate; 1.21%/1.93%

•	 See Table 2.1 •	 See Table 2.1

Noncritical 
(walls, floors, 
ECG leads)

Kills vegetative bacteria, 
fungi, and some 
viruses; low-level 
disinfectant

•	 Ethyl or isopropyl alcohol; 70%–90% •	 See Table 2.1 •	 See Table 2.1

•	 Chlorine; 100 ppm (1 : 500 dilution) •	 See Table 2.1 •	 See Table 2.1

•	 Phenolic; use per manufacturer 
recommendation

•	 Active ingredient in 
Lysol, Pine Sol

•	 Active against 
bacteria and some 
viruses

•	 Maintain activity in 
presence of organic 
material

•	 Not active against 
nonenveloped viruses and 
spores

•	 May cause tissue irritation
•	 May be toxic to neonates

•	 Iodophor; use per manufacturer 
recommendation

•	 See Table 2.1 •	 See Table 2.1

•	 Quaternary ammonium; use per 
manufacturer recommendation

•	 Good cleaning agents 
but poorly effective 
as antiseptics

•	 Less effective against 
gram-negative 
bacteria than 
gram-positive bacteria

•	 Not effective against 
nonenveloped viruses, fungi 
and bacterial spores

Modified from Rutala WA, Weber DJ. Disinfection and sterilization in healthcare facilities. In: The Society for Healthcare Epidemiology of America; Lautenbach E, Woeltje KF, Malani 
PN, eds. Practical Healthcare Epidemiology. 3rd ed. Chicago: University of Chicago Press; 2010:61–80.
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with EtO are numerous and severe, and the manufacturer’s 
guidelines for equipment use should be followed carefully to 
prevent injury to the patient or hospital personnel. The Envi-
ronmental Protection Agency has classified EtO as a Group B1, 
probable human carcinogen.

Plasma Sterilization
Plasma sterilization (see Table 2.2) is a low-temperature steriliza-
tion technique that has become a method of choice for sterilizing 
heat-sensitive items. This process inactivates microorganisms 
primarily through the combined use of hydrogen peroxide gas 
and the generation of free radicals (hydroxyl and hydroperoxyl 
free radicals) during the plasma phase of the cycle. Conventional 
sterilization techniques (e.g., autoclaves, ovens, chemicals such 
as EtO) rely on irreversible metabolic inactivation or on break-
down of vital structural components of the microorganism. 
Plasma sterilization operates differently because it uses ultraviolet 
(UV) photons and free radicals. An advantage of the plasma 
method is the possibility of sterilizing at relatively low tempera-
tures (50°C [122°F]), preserving the integrity of polymer-based 

Pressure
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Thermometer
Air break

Waste funnel

Baffle
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Steam return

Steam supply

Steam
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FIG. 2.1  Diagram of a gravity displacement autoclave. 

FIG. 2.2  Getinge steam autoclave. (Courtesy Getinge, Gothen-
burg, Sweden.)

TABLE 2.3  Exposure Periods for 
Sterilization in Gravity Displacement 
Sterilizers

Item

Minimum Time 
Required (min), 
121°C–123°C 
(250°F–254°F)

Scrub brushes (in dispensers, cans, individually 
wrapped)

30

Dressings (wrapped in muslin or paper) 30

Glassware (empty, inverted) 15

Instruments (wrapped in double-thickness 
muslin)

30

Instruments combined with suture, tubing, 
porous materials (wrapped in muslin or 
paper)

30

Metal instruments only (unwrapped) 15

Linen: maximum size 30 × 30 × 50 cm  
(12 × 12 × 20 in) (6 kg wrapped)

30

Needles (individually packaged in glass vials or 
paper, lumens moist)

30

Needles (unwrapped, lumens moist) 15

Rubber catheters, drains, tubing (wrapped in 
muslin or paper, lumens moist)

30

Rubber catheters, drains, tubing (unwrapped, 
lumens moist)

20

Utensils (wrapped in muslin or paper, on edge) 20

Utensils (unwrapped, on edge) 15

Syringes (unassembled, individually packaged 
in muslin or paper)

30

Syringes (unassembled, unwrapped) 15

Suture: silk, cotton, nylon (wrapped in paper or 
muslin)

30

Solutions:
  75–250 mL 20 (slow exhaust)
  500–1000 mL 30 (slow exhaust)
  1500–2000 mL 40 (slow exhaust)

Several studies have shown failure of EtO in inactivating con-
taminating spores in endoscope channels or lumen test units 
and residual EtO levels averaging 66.2 ppm even after the standard 
degassing time. It is recommended that dental handpieces be 
steam sterilized. Environmental and safety hazards associated 
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latex, ethyl vinyl acetate, Kraton, polycarbonate, polyethylene 
(high and low density), polyolefin, polyurethane, polypropylene, 
polyvinyl chloride, and polymethylmethacrylate. Some plastics, 
electrical devices, and corrosion-susceptible metal alloys can be 
sterilized by hydrogen peroxide gas plasma. An important 
shortcoming of plasma sterilization is its dependence on the 
actual “thickness” of the microorganisms to be inactivated because 
UV photons need to reach the DNA. Any material covering the 
microorganisms (e.g., packaging) will slow down the process. 
Items that cannot be sterilized safely include linen, gauze sponges, 
wood products (including paper), endoscopes, some plastics, 
liquids, items that cannot be disassembled, items that cannot be 

instruments, which cannot be subjected to autoclaves and ovens. 
Furthermore, plasma sterilization is safe, both for the operator 
and for the patient, in contrast to EtO.

Vapor phase hydrogen peroxide sterilization is a form of plasma 
sterilization that uses hydrogen peroxide to process instruments 
quickly and efficiently (Fig. 2.5). Instruments can be sterilized 
at low temperatures (i.e., <50°C [122°F]) and short time intervals 
(i.e., 45 minutes), and they are immediately available because 
aeration is not required. Items for sterilization must be wrapped 
in nonwoven polypropylene fabric or plastic (Tyvek/Mylar) 
pouches (Table 2.5). Items that can be sterilized through this 
process include stainless steel, aluminum, brass, silicone, Teflon, 

Modified from Association for the Advancement of Medical Instrumentation: ANSI/AAMI ST79:2010, A1:2010, A2:2011, and A3:2012.

TABLE 2.4  Minimum Time and Temperature Standards for Various Types of Steam Sterilizers

Item
Exposure Time 
at 121°C (250°F)

Exposure Time 
at 132°C (270°F)

Exposure Time 
at 134°C (273°F)

Exposure Time 
at 135°C (275°F) Drying Times

Table Top Gravity-Displacement Steam Sterilization
Wrapped Instruments 30 min 30 min

15 min 30–45 min
10 min 20–60 min

10 min 15–99 min
Textiles/Porous Loads 30 min 15–99 min
Unwrapped Nonporous Items 

(e.g., instruments)
30 min 0–1 min

3 min 0–30 min
10 min 3 min 0–30 min

3 min 0–15 min

Table Top Dynamic-Air-Removal Steam Sterilization
Wrapped Instruments 20–30 min 6–60 min

4 min 20–60 min
3 min 6–99 min

3 min 15–99 min
Textile/Porous Loads 20–30 min 4 min 9.5–99 min

3 min 6–20 min
Unwrapped Nonporous Items 

(e.g., instruments)
15–35 min 1–60 min

3 min 0–60 min
3 min 0–30 min

3 min 0–99 min

Immediate Use or “Flash” Sterilization
Items should be placed in a rigid sterilization container system that is intended for the cycle parameters to be used; items should be used immediately 

and not stored for future use.

B

A

FIG. 2.3  Sterile container system. (A) Sealed container system. (B) Open container system 
showing inner basket and replaceable filter in the cover. (Courtesy Surgical Direct, Deland, FL.)
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FIG. 2.4  Ethylene oxide sterilizer. (Courtesy Texas A&M Institute 
for Preclinical Studies.)

FIG. 2.5  Steris VHP MD140 unit that uses hydrogen peroxide 
in a vapor state to sterilize temperature-, radiation- and humidity-
sensitive items. (Courtesy Steris, Mentor, OH.)

completely dried, items with copper or silver solder or that use 
bisphenol epoxy, tubes and catheters longer than 30 cm (12 
inches), and tubes and catheters smaller than 1 to 3 mm in 
diameter. Special adapters (H2O2 boosters) are required for use 
with devices with lumens to ensure that the sterilant gains access 
to these areas.

TABLE 2.5  Types and Use of Sterilization 
Packaging Materials Based on Sterilization 
Method
Sterilization 
Method

Packaging Material 
Requirements

Acceptable 
Materials

Steam 
autoclave

Should allow steam to 
penetrate

Paper
Plastic
Cloth
Paper peel packages
Wrapped perforated 

cassettes
Sterile container 

systems

Ethylene 
oxide

Must allow ethylene 
oxide to penetrate

Do not use nylon, 
polyvinyl chloride, 
polyvinyl alcohol, 
cellophane, or 
aluminum foil

Cloth nonwoven 
fabric 
(polyethylene)

Peel packs and 
pouches

Hydrogen 
peroxide 
plasma

Plasma or vapor must 
penetrate the wrapping

Metal trays block 
radiofrequency waves 
and cannot be used

Cellulose is not 
compatible, so paper 
and woven materials 
with cotton fibers 
cannot be used

Nonwoven 
polypropylene

Tyvek

Peracetic Acid Sterilization
Peracetic acid is a highly biocidal oxidizer that maintains its 
efficacy in the presence of organic material. It denatures proteins, 
disrupts cell wall permeability, and oxidizes sulfhydryl and sulfur 
bonds in proteins and enzymes. The sterilant, 35% peracetic 
acid, and an anticorrosive agent are supplied in a single-dose 
container. The container is punctured at the time of use, imme-
diately before the lid is closed and the cycle is initiated. The 
concentrated peracetic acid is diluted to 0.2% with filtered water 
(0.2 µm) at a temperature of approximately 50°C (122°F). Diluted 
peracetic acid is circulated within the chamber of the machine. 
This automated machine is used in the United States to chemically 
sterilize medical and surgical instruments (e.g., flexible endo-
scopes). Lumenated endoscopes must be connected to an 
appropriate channel connector to ensure that the sterilant has 
direct contact with the contaminated lumen. Bronchoscopy-related 
infections have occurred when bronchoscopes were processed 
using the wrong connector.2

Ionizing Radiation
Most equipment available prepackaged from the manufacturer 
has been sterilized by ionizing radiation (i.e., cobalt 60 gamma 
rays or electron accelerators). This low-temperature sterilization 
process is restricted to commercial use because of its expense. 
No ionizing radiation processes have been cleared by the US 
Food and Drug Administration (FDA) for use in health care 
facilities. Items commonly used in the OR that are sterilized 
with ionizing radiation include suture material, sponges, dispos-
able items (e.g., gowns, drapes, table covers), powders, and 
petroleum goods. Resterilization by other means may not be 
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possible for prepackaged sterilized items that have been opened 
but not used, because an alternate technique could damage the 
item and create a health hazard.

Cold Chemical Sterilization
Chemicals used for sterilization must be noncorrosive to the 
items being sterilized. Glutaraldehyde is a saturated dialdehyde 
that has gained wide acceptance as a high-level disinfectant and 
chemical sterilant. It is noncorrosive to metals, rubbers, and 
plastics and provides a means of sterilizing delicate lensed instru-
ments (e.g., endoscopes, cystoscopes, bronchoscopes). The biocidal 
activity of glutaraldehyde is a consequence of its alkylation of 
sulfhydryl, hydroxyl, carboxyl, and amino groups, which alters 
RNA, DNA, and protein synthesis within microorganisms. Most 
equipment that is safe for immersion in water is safe for immer-
sion in 2% glutaraldehyde. Glutaraldehyde products are marketed 
under a variety of brand names and are available in a variety of 
concentrations, with and without surfactants. For high-level 
disinfection of endoscopes, a 2% glutaraldehyde solution without 
surfactant is recommended.

Items for sterilization should be clean and dry; organic matter 
(e.g., blood, saliva) may prevent penetration into crevices or 
joints. Residual water causes chemical dilution. Complex instru-
ments should be disassembled before immersion. Immersion 
times suggested by the manufacturer should be adhered to closely 
(e.g., 2% glutaraldehyde: 10 hours at 20°C–25°C [68°F–77°F] 
for sterilization; 10 minutes at the same temperature for disinfec-
tion). After the appropriate immersion period, instruments should 
be rinsed thoroughly with sterile water and dried with sterile 
towels to prevent damage to the patient’s tissues. The major 
problem associated with glutaraldehyde is that it is a known 
respiratory and dermal irritant and sensitizer, and adverse health 
effects may occur in exposed workers. Failure to rinse disinfected 
equipment thoroughly, leaving residual glutaraldehyde on the 
endoscope, has led to serious conditions, including chemical 
colitis, pancreatitis, and mucosal damage in human patients. 
OPA is a new alkylating agent that contains 0.55% 
1,2-benzenedicarboxaldehyde. It has shown superior mycobac-
tericidal activity compared with glutaraldehyde with less contact 
time required (see Table 2.2).

STERILIZATION INDICATORS
Simply placing an item in a sterilizer and initiating the process 
does not ensure sterility. Failure to achieve sterility may be the 
result of improper cleaning (if an item cannot be disassembled 
and all surfaces cleaned, it cannot be sterilized), mechanical failure 
of the system used, improper use of equipment, improper wrap-
ping, poor loading technique, or failure to understand the concepts 
of sterilization processes.

Sterilization indicators allow monitoring of the effectiveness 
of sterilization. Indicators may undergo a chemical or biological 
change in response to some combination of time and temperature. 
Chemical indicators, which are available for steam, gas, and 
plasma sterilization, generally consist of paper strips or tape 
impregnated with a material that changes color when a certain 
temperature is reached (Figs. 2.6 to 2.8). The chemical responds 
to conditions such as extreme heat, pressure, or humidity, but 
the response does not reflect the duration of exposure, which 
is critical to the sterilization process. Therefore it is important 
to remember that chemical indicators do not indicate sterility, 
only that certain conditions for sterility have been met. The 
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FIG. 2.6  Tape and indicator strips for steam sterilization. (A) The 
diagonal stripes on the tape (top) turn from tan to black. (B) The 
yellow steam strip (top) turns dark brown and must be darker 
than the line above it. (C) The clear line in the center (top) turns 
black (bottom). 

indicators are placed in the center of each pack and on the outside 
of the item to be sterilized.

Some autoclaves have a temperature-time graph on the control 
panel. This indicator method is reliable for measuring the 
temperature reached and the length of time that each load is 
exposed to that temperature. A written record can be kept of 
each processed load.

Use of a biological indicator is the surest way to determine 
sterility. A strain of highly resistant, nonpathogenic, spore-forming 
bacteria (Bacillus stearothermophilus for steam, Bacillus subtilis 
for gas), which is contained in a glass vial or a strip of paper, is 
placed in the load of goods to be sterilized. After the sterilization 
cycle is complete, the vial or strip is recovered and cultured; 
growth of the organism documents inadequate sterilization. 
Biological indicators should be used at least weekly to test the 
effectiveness of the sterilization process.

Sterilization indicators should not be relied on heavily because 
of the problems mentioned previously. There is no substitute 
for close supervision of personnel, a general understanding of 
sterilization processes, and maintenance of high standards for 
preparing, packing, and loading supplies.

Pack Preparation
The procedure for wrapping items is based on enhancing the 
ease of sterilization and preserving the sterility of the item, not 
on convenience or personal preference.



11CHAPTER 2  Care and Handling of Surgical Equipment and Supplies

systems, and sterilization wraps (which can be woven or nonwoven). 
Packaging materials should be designed for the type of sterilization 
process being used (see Table 2.5). Items sterilized by pressurized 
steam or other methods (e.g., EtO, plasma) must be wrapped 
in a specific manner (see p. 12). Packaging materials should also 
be appropriate for the items being sterilized (Table 2.6). For 
example, nonpaper materials should be used to package sharp 
instruments, which can easily puncture paper packaging. Metal 
closures (e.g., staples, paper clips) that might puncture packaging 
materials should not be used.

A

B

FIG. 2.7  Indicator strips and bag indicators for ethylene oxide 
(EtO) sterilization. (A) Gas indicator bar on strip turns from tan 
(top) to dark brown (bottom). The bottom bar has to be darker 
than the top bar. (B) EtO bag indicators turn from a light color 
(top) to a darker shade (bottom). Note: Color changes may vary 
depending on the manufacturer. 

A

B

FIG. 2.8  Tape and indicator strips for plasma sterilization. (A) 
Red writing on tape (top) turns to yellow (bottom). (B) Red stripe 
on the indicator strip (top) turns to yellow (bottom). Note: Color 
changes may vary depending on the manufacturer. 

Packaging materials (e.g., wrapped or container systems) allow 
penetration of the sterilization agent and maintenance of sterility 
after sterilization. Materials for maintaining sterility of instruments 
during transport and storage include wrapped, perforated instru-
ment cassettes, peel pouches of plastic or paper, sterile container 

NOTE  Do not place paper-plastic pouches within wrapped sets or 
containment devices because they cannot be positioned to ensure 
adequate contact with the sterilant, air removal, or drying.3

NOTE  The Association of periOperative Registered Nurses (AORN) 
recommends a maximum weight limit of 11 kg (25 lb) for instrument 
sets to avoid insufficient steam contact and a problem with drying 
that may result in wet packs.3

Sterile container systems are typically rigid, boxlike devices made 
from heat-resistant and steam-sterilizable high-performance 
plastic or other materials in which instruments can be placed and 
sterilized (see Fig. 2.3). Rigid containers were first developed in 
Germany in the mid-1980s. The main function of these early 
containers was to transport sterile instruments and dressings. In 
that era, it was not unusual for sterile supplies to be kept in a few 
containers for an entire day’s operating schedule. At the Association 
of Operating Room Nurses Congress in 1980, the concept of 
“rigid packaging for sterilization” was introduced in the United 
States. With time, sterilization containers have gained the confidence 
of hospital professionals. They are both durable and cost-effective, 
aid in pack organization, and tend to protect instruments better 
than wraps. Sterile container systems are the most environmentally 
friendly because they do not require disposable packaging or 
laundered cloth. Unlike cloth or paper wrapping, sterile container 
systems cannot be torn or easily damaged and provide superior 
protection for surgical equipment. They stack conveniently and 
can be processed much more rapidly than paper- or cloth-wrapped 
trays. Closed container systems require filters (in the lid only or 
in both the lid and the bottom of the container) and latches, seals, 
and/or tamper-resistant seals. Rigid containers may be a good 
choice if the sterilization chamber is large enough to accommodate 
them, and if current storage space is sufficient to accommodate 
the new configuration. Dozens of different container sizes and 
shapes are used to accommodate most commonly used instruments, 
including scopes, drills, and cameras.

The original sterilization wraps were 140 thread count muslin 
cloth. Advantages of these cloths included that they were soft, 
reusable, inexpensive, absorbent, and could easily be draped over 
trays. However, because they were woven, bacteria could penetrate 
the pack. Most hospitals double-wrap packs when using cloth 
to reduce contamination of surgical instruments. In the 1960s, 
nonwoven materials were introduced that provided a more 
effective microbial barrier that was also water resistant. The 



12 PART ONE  General Surgical Principles

sterilization techniques with which each is compatible are listed 
in Table 2.7.

To ensure maximum penetration, specific guidelines should be 
followed when packs are prepared for steam and gas sterilization (see 
Table 2.4). Presterilization wraps for steam sterilization comprise 
two thicknesses of two-layer muslin or nonwoven (i.e., paper) 
barrier materials. The poststerilization wrap (i.e., the wrap used 
after sterilization and the proper cool down period) is a waterproof, 
heat-sealable plastic dust cover; this wrap is not necessary if the 
item is to be used within 24 hours of sterilization. Small items 
may be wrapped, sterilized, and stored in heat-sealable paper or 
plastic peel pouches (Video 2.1). When sterile container systems 
are used, the instruments are placed in the inner basket, the filter(s) 
are replaced, and the unit is sealed with tape or plastic locks. 
There are no additional storage requirements poststerilization.

Items to be gas sterilized are wrapped in heat-sealable plastic 
peel pouches or tubing or muslin wrap. When plasma sterilization 
is used, items should be wrapped in heat-sealable Tyvek-Mylar 
pouches or polypropylene wraps.

For steam and gas sterilization, instruments should be 
organized on a lint-free (huck) towel placed on the bottom of 

material used for these wraps was derived from cellulose and 
was not particularly strong. Hence, sequential (double) wrapping 
was still necessary. The introduction of polypropylene allowed 
the development of wraps possessing strength, barrier, and 
repellent properties. Currently, the most preferred nonwoven 
technologies used in the medical market are spunlaced and SMS 
(spunbond, meltblown, spunbond). Spunlaced nonwovens are 
made by entangling polyester fibers with a layer of wood pulp, 
whereas SMS materials feature a composite of three layers—
spunlace, meltblown, and spunbonded—normally using a 
polypropylene resin and then stacked together. These products 
provide excellent protection from microbial contamination. 
However, despite the fact that the barrier efficacy of a single 
sheet of wrap has improved over the years, using multiple wrap 
layers is common practice because of the rigors of handling 
packs and the consequences of bacterial contamination.

Before packing, instruments are separated and placed in order 
of their intended use. If steam or gas sterilization is used, the 
selected wrap should be penetrable by steam or gas, impermeable 
to microbes, durable, and flexible. Commonly used wrapping 
materials, the advantages and disadvantages of each, and the 

TABLE 2.7  Advantages and Disadvantages of Wrapping Materials for Pack Preparation
Material Advantages Disadvantages Sterilization Method

Cotton muslin; 140 or 
270 thread count

Durable, flexible, reusable, easily 
handled

Requires double layer and double wrap, 
generates lint, not moisture resistant

Steam, EtO

Nonwoven barrier 
material (i.e., paper)

Inexpensive Single use, memory, not as durable, not 
moisture resistant, requires double wrap

Steam, EtO

Nonwoven polypropylene 
fabrica

Flexible, durable, excellent bacterial 
barrier, puncture resistant, lint free

Single use, requires double wrap Steam, EtO

Paper/plastic pouchesb 
(heat sealed)

Convenient, long shelf life, water 
resistant

Instruments may puncture pouch Steam, EtO

Plastic pouchesc (heat 
sealed)

Convenient, long shelf life, waterproof, 
more puncture resistant

Instruments may puncture pouch Plasma, EtO

Sterile container system Convenient, long shelf life, stackable, 
environmental, durable, puncture proof

High initial startup cost Steam

aSpunguard.
bMade of paper and Mylar.
cMade of Tyvek and Mylar.
EtO, Ethylene oxide.

TABLE 2.6  Packaging Materials Based on Device Type
Medical Device Sterilization Method Suggested Packaging Material

Stainless steel instrument(s)
Instrument set(s)

Steam 140 count muslin
SMS
Woven cotton/polyester-blend fabrics
Pouches
Sterile container systems

Endoscopic instrument(s)
Instrument set(s)

Plasma
EtO

Plasma: SMS, polyester-blend fabrics, low-temp SMS pouches
EtO: 140 count muslin, SMS, polyester-blend fabrics, some crepe-type papers, 

thermoplastic polymers (Tyvek)

Glass syringes or other medical 
devices made of glass

Steam SMS pouches

EtO
Plasma

Low-temp SMS pouches
Thermoplastic polymers

EtO, Ethylene oxide; SMS, spunbond, meltblown, spunbond.
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FOLDING AND WRAPPING DRAPES
Drapes should be folded so that the fenestration can be properly 
positioned over the surgical site without contaminating the drape 
(Fig. 2.11).

HANDLING AND STORAGE OF STERILIZED 
INSTRUMENTS AND EQUIPMENT
After removal from the autoclave, packs are allowed to cool and 
dry individually on racks. Placing the packs on top of each other 
during cooling may promote condensation of moisture, resulting 
in strike-through contamination. Strike-through contamination 
occurs when moisture carries bacteria from a nonsterile surface 
to a sterile surface. When wrapped sterile packs are completely 
dry, they should be stored in waterproof dust covers in closed 
cabinets (rather than uncovered on open shelves) to protect 
them from moisture or exposure to particulate matter (i.e., 
dust-borne bacteria). Sterile container systems can be stacked 
without additional covers. Excessive handling of sterile supplies 
should be avoided, especially if the items are pointed or have 
sharp edges. Sterile items should be handled gently and should 
be protected from bending, crushing, or compression forces that 
could break a seal or puncture the package. Sterile packs should 
be stored away from ventilation ducts, sprinklers, and heat-
producing light. Ideal environmental conditions are characterized 
by low humidity, low air turbulence, and a constant, controllable 
room temperature.

Sterile Shelf Life
The use of published expiration dates for sterilized items in 
various types of wrappers is controversial. Events, not time, 
contaminate products. It was recently shown that if items are 
packaged, sterilized, and handled properly, they remain sterile 
unless the package is opened, gets wet, is torn, has a broken seal, 
or is damaged in some other way (i.e., event-related expiration). 
The length of time an item is considered sterile depends on a 
number of factors: (1) the type and configuration of the packaging 
materials; (2) the number of times a package is handled before 
use; (3) the number of personnel who may have handled the 
package; (4) whether the package was stored on open or closed 
shelves; (5) the condition of the storage area (e.g., cleanliness, 
temperature, humidity); and (6) the method of sealing and 
whether dust covers were used.5 For an event-related expiration 
system to be used effectively, appropriate protocols must be 
adopted for sterilizing and handling items.

Handling Sterilized Items
Sterile packs should be labeled with the date on which the item 
was sterilized and a control lot number for tracing a nonsterile 
item. Heat-sealed, waterproof dust covers should be placed  
on items not routinely used. Items should be stored in a  
manner that does not compromise packaging and sterility, and 
they need to be rotated in such a way that the item processed 
first is used first.

If a sterile pack is damaged, it should not be used. Damage 
is defined as wraps that have moisture present; packs that have 
been placed in a dusty environment or stored near the source 
of an air current; items that have been dropped, bent, crushed, 
compressed, torn, or punctured; or packs that have a broken 
seal. Education of surgery personnel must include training in 

a perforated metal instrument tray. Instruments with boxlocks 
should be open when autoclaved. A 3- to 5-mm space between 
instruments is recommended for proper steam or gas circulation. 
Complex instruments should be disassembled when possible, 
and power equipment should be lubricated before sterilization. 
If the item has a lumen, a small amount of water should be 
flushed through it immediately before steam sterilization because 
water vaporizes and forces air out of the lumen; conversely, 
moisture left in tubing placed in a gas sterilizer may reduce the 
action of the gas below the lethal point. Containers (e.g., saline 
bowl) should be placed with the open end facing up or horizontal; 
containers with lids should have the lid slightly ajar. Multiple 
basins should be stacked with a towel between them. A standard 
count of radio-opaque surgical sponges should be included in 
each pack.

A sterilization indicator (see p. 10) (chemical indicators) 
should be placed in the geometric center (not on top) or in the 
area considered least accessible to sterilant penetration of each 
pack before it is wrapped.

Solutions should be steam sterilized separately from instru-
ments, using the slow exhaust phase (see Table 2.3).

NOTE  Complex instruments may require longer sterilization times 
to adequately penetrate the instruments or multiple tray levels (e.g., 
total hip replacement equipment). These extended sterilization cycle 
times should be described in the manufacturer’s instruction for use 
(IFU) documentation.

NOTE  Manufacturers of reusable medical devices and surgical 
instruments for human use are required by the FDA to provide 
detailed and validated instructions for the disassembly, lubrication, 
cleaning, disinfecting, packaging, and sterilization of their products. 
These instructions are provided in IFU documents. IFUs are available 
for most veterinary surgical and medical products as well.

Immersing instruments for long periods of time in any solution 
can prove damaging. Never leave instruments in any solution 
for longer than 20 minutes. Do not immerse instruments with 
tungsten carbide inserts (gold handles) in solutions containing 
benzyl ammonium chloride (BAC) because this chemical is known 
to loosen the tungsten carbide.

Linens may be steam sterilized. The maximum size and 
weight of linen packs that can be steam sterilized effectively are  
30 × 30 × 50 cm (12 × 12 × 20 in) and 6 kg, respectively. Closely 
woven table drapes should be packed separately. Layers of linen 
are alternated in their orientation to permit steam penetration. 
As with instruments, a sterilization indicator (see p. 10) should 
be placed in the center of each pack.

Wrapping Instrument Packs
Instrument packs should be wrapped so they can be easily 
unwrapped without breaking sterile technique (Fig. 2.9 and  
Video 2.2).

Folding and Wrapping Gowns
Gowns must be folded so they can be easily donned without 
breaking sterile technique (Fig. 2.10).
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Place the pack on the center of the Mayo stand or back table, and 
open each folded layer by pulling it toward you (this prevents your 
hand and arm from extending over the sterile area). Handle only 
the edge and underside of the wrap. Follow the same procedure for 
each fold. When the pack is open, have a sterile team member place 
it on the sterile table.

There is disagreement over the correct way to open double-
wrapped sterile packs (i.e., outer layer only or both layers), and 
evidence supports both techniques. The rationale for opening 
the outer layer only is that this technique eliminates the risk of 
microbial shedding from the circulating nurse’s hands and arms 
onto the contents of the sterile package. The rationale for opening 
both wrappers is that when the outer surface of the inner wrapper 
is opened, it may become contaminated by dust particles and 
debris from the outer wrapper. If the circulating nurse opens 
this inner wrapper, the possibility of contamination is reduced. 
The decision of which technique to use must be based on the 
technical expertise of personnel and on barrier quality.

Unwrapping Sterile Linen/Paper Packages That Can Be 
Held During Distribution
These packs may be opened and placed on a sterile table as 
described in Fig. 2.12, or after opening, they may be grasped by 
a sterile team member.

ways to protect sterile items from events that cause loss of sterility. 
The integrity of sterilized items must be carefully assessed to 
identify damaged goods, and plastic dust covers must be removed 
or wiped clean before reaching the surgical area.

Wet Packs
Wet packs are sterilized containers that have interior moisture 
in the form of dampness, droplets, or puddles of water after the 
sterilization and cool down process. The American National 
Standards Institute and Association for the Advancement of 
Medical Instrumentation recommend considering such packs 
as contaminated as there are no scientific studies to prove 
otherwise.4 Wet packs may be due to improper or excessive 
autoclave loading or inadequate cool down times.

Unwrapping and Opening Sterile Items
Sterile items are wrapped in a manner that allows OR personnel 
to unwrap the items without contaminating them. Three popular 
methods are used to distribute wrapped sterile items.

Unwrapping Large Sterile Linen/Paper/Polypropylene Packs 
That Cannot Be Held During Distribution (Video 2.3)
If the pack is too large, cumbersome, or heavy to be held during 
distribution, it may be opened onto a Mayo stand or back table. 

A B C

D E

FIG. 2.9  Wrapping an instrument pack. (A) Wrap the instrument pack in a clean huck towel. 
Place a large, unfolded wrap in front of you and position the instrument tray in the center of the 
wrap so that an imaginary line drawn from one corner of the wrap to the opposite corner is 
perpendicular to the long axis of the instrument tray. (B) Fold the corner of the wrap that  
is closest to you over the instrument tray and to its far edge. Fold the tip of the wrap over so it 
is exposed for easy unwrapping. (C) Fold the right corner over the pack. Fold the left corner 
similarly. (D) Turn the pack around and fold the final corner of the wrap over the tray, tucking it 
tightly under the previous two folds. (E) Wrap the pack in a second layer of cloth or paper in a 
similar manner. Secure the last corner of the outer wrap with masking tape and a piece of 
heat-sensitive indicator tape. 
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A B C
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FIG. 2.10  Folding and wrapping surgical gowns. (A) Place the gown on a clean, flat surface with 
the front of the gown facing up. Fold the sleeves neatly toward the center of the gown with the 
cuffs of the sleeves facing the bottom hem. (B) Fold the sides to the center so the side seams 
are aligned with the sleeve seams. (C) Fold the gown in half longitudinally (the sleeves will be 
inside the gown). (D) Starting with the bottom hem, fanfold the gown toward the neck. (E) Fold 
a hand towel in half horizontally, and fanfold it into about four folds. Place it on top of the folded 
gown, leaving one corner turned back so that it can be easily grasped. (F) Wrap the gown and 
towel in two layers of paper or cloth wrap as described in Fig. 2.9. 

A B C

D E F

FIG. 2.11  Folding and wrapping drapes. (A) Lay the drape flat with the ends of the fenestration 
perpendicular to you and the sides of the fenestration parallel to you. (B) Grasp the edges of the 
drape nearest you and fanfold the drape to the center. The edge of the drape should be exposed 
(dorsal) so it can be easily grasped during unfolding. (C) Turn the drape around and fanfold the 
other half the same way. (D) Fanfold one end of the drape to the center (the fingers are through 
the fenestration); repeat with the other end. (E) If the drape has been folded properly, the fenestra-
tion is on the ventral outermost aspect. (F) Fold the drape in half, and wrap it in two layers of 
paper or cloth wrap as described in Fig. 2.9. 
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FIG. 2.12  (A) To unwrap a sterile linen pack that can be held 
during distribution, hold the pack in your left hand if you are 
right-handed (and vice versa). (B) Using your right hand, unfold 
one corner of the wrap at a time, being careful to secure each 
corner in the palm of your left hand to prevent corners from 
recoiling and contaminating the contents. (C) Hold the final corner 
with your right hand; your hand should be completely covered 
by the wrap. (D) When the pack is fully exposed and all corners 
of the wrap have been secured, gently set the pack on the 
sterile field, being careful not to allow your hand and arm to 
reach across or over the sterile field. 

B

A

FIG. 2.13  Opening (A) single-wrapped and (B) double-wrapped 
peel-back pouches. 

Unwrapping Sterile Items in Paper/Plastic or Plastic 
Peel-Back Pouches (Video 2.4)
Identify the edges of the peel-back wrapper, and carefully separate 
them (Fig. 2.13). Peel the edges of the wrapper back slowly and 
symmetrically to ensure that the sterile item does not come in 
contact with the torn edge of the wrapper (the torn edge of a peel-
back wrapper is unsterile). If the item is small, place it on the sterile 
area as described earlier, being careful not to lean across the sterile 
table. If the item is long or cumbersome, have a sterile team member 
grasp it and gently pull it from the peel-back wrapper, taking care 
not to brush the item against the peeled edge of the wrapper. Scalpel 
blades and suture materials are opened in a similar manner.

Opening Sterile Container Systems (Video 2.5)
Place the container on a nonsterile surface and pop the latches by 
breaking the tape or plastic locks (Fig. 2.14). Remove the cover 
and place to the side. A sterile individual reaches in to retrieve 
the inner basket containing the surgical equipment.

POURING SOLUTIONS INTO BASINS
Solutions (i.e., sterile saline and antiseptics) are poured into 
basins. The basin should be held away from the surgical table 
by a sterile team member to prevent the nonsterile assistant’s 
hand and arm from extending over the sterile area. The solution 
is poured without splashing, taking care to prevent it from 
dripping down the container onto the sterile person’s hand. The 
solution container should not touch the sterile basin.
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C

BA

FIG. 2.14  Opening a sterile container system. (A) The container is placed on a nonsterile counter. 
The latches are opened by breaking the tape or plastic locks, and the cover is removed. (B) A 
sterile individual reaches in and retrieves the inner basket containing the sterile equipment. (C) 
The entire basket or just its contents may be placed on the sterile instrument table. (Courtesy 
Surgical Direct, Deland, FA.)
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Surgical Facilities and Maintenance 
of the Surgical Environment

3 

A variety of physical layouts are suitable for modern operating 
rooms (ORs) and surgical areas, but the goals of all designs 
should be patient safety and work efficiency. Designing an efficient 
workspace requires more than knowing the appropriate number 
of air exchanges an OR should have to reduce airborne con-
taminants or how many rooms are necessary to facilitate an 
efficient workflow. It also requires careful attention to traffic 
patterns, the space required for storage of supplies to be sufficient 
to meet the needs of the caseload, adequate space for staff and 
surgeons to allow them to function efficiently, and ample room 
for the provisions for sterile processing nearby. The surgical area 
should be in close proximity to the anesthesia and surgical 
preparation areas, critical care, radiology, and central supply. 
However, it should be isolated from general traffic flow (e.g., 
examination rooms, offices, reception area, wards). In large 
facilities, such as universities and surgical referral centers, 
anesthesia and surgical preparation areas should be a separate 
working unit that is isolated from general hospital traffic.

STRUCTURE AND DESIGN OF THE  
SURGICAL AREA

Because of the constant danger of contamination to surgical 
patients, the surgical area should be delineated into “restricted,” 
“semirestricted,” and “unrestricted” areas. Restricted areas include 
ORs, sterile supply rooms, and the scrub sink area. Scrub suits, 
hair coverings, and masks are required whenever anyone enters 
these areas (even for cleaning). The semirestricted areas include 
the peripheral support areas of the surgical suite, including 
hallways between the ORs and nurses’ stations, instrument and 
supply processing areas, storage areas, and utility rooms. Personnel 
are required to wear surgical attire and cover all head and facial 
hair when entering these areas. Unrestricted areas include a central 
control point that is established to monitor the entrance of 
patients, personnel, and materials into the restricted areas. The 
anesthesia and surgical preparation rooms, dressing rooms, 
lounges, and offices are also in the unrestricted zone. A commonly 
used floor plan is one in which the surgical suites are arranged 
around a central workstation for OR nurses. Easy access to each 
OR from the workstation ensures efficient traffic flow, which 
reduces cross-contamination between areas. The goal is to create 
realistic traffic and commerce of patients, personnel, and supplies, 
with careful attention to restricted and semirestricted work areas.

Individuals entering a restricted area from an unrestricted 
area must don proper surgical attire (see Chapter 6); the ideal 
location for moving from an unrestricted area to a restricted 
one (or vice versa) is through a locker room. Surgical personnel 
who leave a restricted area and enter an unrestricted area must 
cover their clothing with a closed knee-length lab coat before 
they leave and discard these items when they return to the 

restricted area. Doors between restricted and unrestricted areas 
should be kept closed at all times. Food and drink are permitted 
only in unrestricted areas. Movement of clean and sterile supplies 
and equipment should be separated as much as possible from 
movement of contaminated supplies and equipment by space, 
time, and traffic patterns. Soiled linen and trash should be kept 
in an unrestricted area, and patients should be clipped and 
vacuumed in an unrestricted area before transport to a restricted 
area (e.g., the OR).

NOTE  To prevent contaminating the surgical suite, clip the patient 
and perform the initial surgical preparation in a separate (unrestricted) 
area. Never clip patients in the OR.

TRAFFIC PATTERNS
Because airborne contaminants can cause or aggravate infection, 
it is best to create traffic patterns that minimize traffic into and 
out of rooms. This restricts the movement of airborne contami-
nants, such as organisms carried and shed by people and objects. 
Entry into the OR and other restricted areas should be limited 
to essential equipment and personnel. A study presented at the 
2016 American College of Surgeons National Surgical Quality 
Improvement Program Conference suggested that minimizing 
OR traffic could lower rates of surgical site infections (SSIs).1 
After review of their infection rates, a Canadian hospital deter-
mined that they had an excessively high rate of wound infections 
from orthopedic operations such as knee and hip joint replace-
ments; they decided to implement practices to reduce traffic 
movement into the OR. Reasons for entering and exiting the 
OR during operations included retrieving charts, instruments, 
or equipment and taking a break. Over a 2-year period they 
were able to reduce OR traffic from between 42 and 70 door 
openings per case to 3.2 door openings per case. They reported 
that this intervention may have contributed to a decrease in 
orthopedic SSIs from 2.8% to 2.1%. Logically, opening the doors 
to the OR decreases the effectiveness of the ventilation system 
in effectively clearing potential contaminants from the OR 
outward.

Guidelines useful for limiting movement from the outside 
into the operating suite are provided in Box 3.1.

Most particles and bacteria found in OR air are shed from 
skin and hair by personnel in an OR. Although no one has 
established a direct relationship between the number of people 
in an OR and the development of postoperative infection, some 
studies suggest that as the number of personnel in the OR 
increases, so does the incidence of SSIs. Whether this has to do 
with the people themselves or the greater amount of traffic into 
and around the room is not clear.
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Patient safety and work efficiency are the most impor-
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Proper care and cleaning of the areas are critical to 
reduce infection.
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of stainless steel or other easily cleaned materials, with relatively 
large wheels with bearings that can be easily lubricated, and 
rubber bumpers mounted on the corners to prevent damage to 
doors and walls) should be available for patient transportation. 
An adhesive microfilm dust pad should be placed at the doorway 
between the anesthesia preparation room and the surgical area 
to collect dust, hair, and other particulates on gurney rollers, 
shoes, and anesthetic equipment.

Anesthesia Supply Room
The anesthesia supply room should be adjacent to the anesthesia 
and surgical preparation room. Equipment necessary to keep 
anesthesia machines working properly, extra endotracheal tubes, 
anesthetic monitoring equipment, oxygen “E” tanks, hoses, 
catheters, and airway connectors are stored here. This room may 
also have a cabinet for storing nongaseous anesthetic agents, 
and it may be a convenient location for storing large oxygen 
tanks that supply oxygen to each anesthesia preparation table 
and to the OR.

Nurses’ Workstation
The nurses’ workstation should be centrally located in the surgical 
area (i.e., the restricted area). An autoclave (for flash sterilization), 
an incubator and/or blanket warmer (for irrigation fluids and 
for towels to wrap patients after surgery), a refrigerator (for 
medications and solutions), and formalin containers are kept 
in this area. A daily surgery log, OR protocols, and a telephone 
are also kept at the workstation. Soiled instruments may be sent 
to a central supply area or may be decontaminated, washed, 
lubricated, and wrapped or packaged here for resterilization. 
This area should be divided into two separate areas to prevent 
cross-contamination of clean supplies if it is used for decon-
taminating and wrapping instruments.

Sterile Instrument Room
The sterile instrument room is a restricted area that houses all 
sterilized and packaged instruments and supplies. It is commonly 
near the nurses’ workstation. Surgery personnel assemble items 
necessary for a particular case from supplies in this room. Items 
should be logically arranged on shelves (e.g., alphabetical order) 
and routinely checked for “outdates” (i.e., time-related expiration; 
see p. 13) and package integrity (i.e., event-related expiration; 
see p. 13).

Sterile supplies should be transported into ORs in closed 
sterile containers. Inadequate sterilization of surgical instruments 
has been implicated in outbreaks of SSI. For this reason, indicators 
documenting adequate sterilization must be included in all sterile 
instrument sets (see Chapter 2).

Equipment Room
As a general rule, unless a piece of equipment is mostly or 
exclusively used in a given OR, it should be stored elsewhere. 
Large pieces of equipment, such as anesthesia machines, lasers, 
monitoring equipment, operating microscopes, and portable 
surgery lights, can be stored in an equipment room. Equipment 
should be kept free of dust and cleaned routinely using the 
protocol described for OR disinfection (see p. 21). The equipment 
room is a valuable area because it eliminates storage of large, 
expensive pieces of equipment in hallways, where they could be 
damaged or create a hazard.

Most equipment should be kept in an equipment storage area 
in the semirestricted area adjacent to the OR. For specialty rooms 

DESCRIPTION AND FUNCTION OF ROOMS IN THE 
SURGICAL AREA
Dressing Room
The dressing room is used by surgical personnel for changing 
into proper surgical attire. It should have closed cabinets for 
storing scrub suits, shoe covers, masks, and caps and a separate 
area for hanging street clothes. A hamper for dirty laundry should 
be available to minimize carrying of contaminated linen through 
the hospital.

Anesthesia and Surgical Preparation Areas
The anesthesia induction and surgical preparation area should 
be adjacent to the surgical area yet out of major hospital traffic 
patterns. This room should be supplied with equipment and 
medications that may be necessary in an emergency (e.g., defibril-
lator, endotracheal tubes, suction, oxygen, crash cart). It also 
should have anesthetic equipment (machines and drugs), 
laryngoscopes, clippers (mounted on the wall or hanging from 
the ceiling), vacuums (large canister or central), skin preparation 
materials (antiseptic soaps, alcohol, sterile gauze sponges), sharps 
containers, needles and syringes, and monitoring equipment, 
all of which should be readily available to ensure efficient 
anesthesia and preoperative patient preparation.

BOX 3.1  Guidelines Useful for Limiting 
Movement into the Operating Room (OR)
1.	Allow only those people who are essential to the procedure into the 

OR while operations are being performed.
2.	Limit movement of personnel within the OR.
3.	Keep the doors of ORs closed during surgeries/procedures.
4.	Ensure that anyone entering the OR is properly trained in infection 

control practices and sterile technique.

NOTE  Drugs and equipment necessary for an emergency can be 
stored in a mobile crash cart; this facilitates movement from the 
anesthesia preparation room to the OR and to recovery.

NOTE  Clipper blades may be a source of infection between patients. 
Clean and disinfect them regularly by soaking them in alcohol or 
chlorhexidine or spraying them with an ethanol/o-phenol/phenol 
product.2

Preparation counters and surfaces should be impervious and 
easily cleaned and disinfected (Table 3.1). Stainless steel prepara-
tion tables with built-in sinks are ideal. Gas scavenger systems 
should be present at each anesthesia preparation table. General 
lighting is supplied by main overhead fluorescent lights, which 
are supplemented by a spotlight directed at each preparation 
table. A sink designated for cleaning anesthetic hoses, endotracheal 
tubes, and rebreathing bags, plus a plastic rack for draining and 
drying rebreathing bags and hoses, should be available. An erasable 
anesthesia-surgery scheduling board, easily visible to anesthesia 
and surgical personnel, should list the day’s procedures.

Temperature in the preparation room should be kept between 
17°C and 20°C (62°F and 68°F) and humidity at 50% or less to 
reduce microbial growth. Gurney surfaces should be padded, 
and circulating water and/or warm air blankets should be used 
to prevent hypothermia. Well-constructed gurneys (i.e., made 
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(cardiology, neurology), an adjacent space in the restricted area 
near the OR should be designated as storage. The tendency to 
favor additional OR space, at the expense of storage space, when 
designing an OR suite results in cluttered corridors and ORs, 
which can become safety hazards.

Other storage spaces are designated for clean supplies and 
packaged reusable items and should be in a separate space from 
the soiled workroom. Carts and gurneys must not be stored 
where they obstruct corridors.

Housekeeping Supply Room
Supplies used to decontaminate and clean surgical suites may 
be stored in the supply room or closet. Cleaning equipment and 
supplies stored here must be restricted to use in the OR to prevent 
cross-contamination from other hospital areas.

Scrub Sink Area
Scrub sink areas should be centrally located for the OR suites. 
Antiseptic soap in an appropriate dispenser (i.e., foot activated 
or motion sensitive), scrub brushes (i.e., sterilized reusable brushes 
or a disposable polyurethane brush-sponge combination, unless 
brushless scrub solutions are used [see Chapter 6]), and fingernail 
cleaners should be kept within easy reach at each scrubbing station. 
Deep stainless steel sinks equipped with knee-, elbow-, or foot-
operated or motion-sensitive water activators are ideal. Electronic 
sensory activated scrub sinks as shown in Fig. 3.1 allow “no 
touch” activation. With reusable brushes, the dispensing container 

TABLE 3.1  Common Disinfectants
Product Main Ingredient(s) Use Instructions Contact Time Effective Against

Ultra Clorox Sodium hypochlorite 6%, other 
ingredients 94%

Dilute at 3/4 cup/gallon of 
water

In kitchen or bathroom 
5 minutes; for toilet 
bowl 10 minutes; for 
mildew 15 minutes

Parvovirus, gram-positive and gram-negative 
bacteria

Roccal D Plus Didecyl dimethyl ammonium 
chloride, alkyl dimethyl benzyl 
ammonium chloride, alkyl 
dimethyl benzyl ammonium 
chloride, bis-n-tributyltin 
oxide, inert ingredients

Hard surfaces, 3.75 g/L 
(1/2 oz/gallon) of water; 
boot bath, 7.5 g/L (1 oz/
gallon) of water; badly 
soiled areas, 11.23 g/L 
(1.5 oz/gallon) of water

10 minutes Gram-positive and gram-negative bacteria, 
Aspergillus fumigatus, Trichophyton 
mentagrophytes, Candida albicans, 
parvovirus, parainfluenza

Clorox 
Clean-Up

Sodium hypochlorite 1.84%, 
other ingredients 98.16%

Mop floors with 34 g/L  
(1 cup/gallon) of water

5 minutes Escherichia coli, Salmonella choleraesuis, 
Staphylococcus aureus, Streptococcus 
pyogenes

Nolvasan 
Solution

Chlorhexidine diacetate 2%, 
other ingredients 98%

7.5 g/L (1 oz/gallon) of 
water; for rabies, 3 oz/
gallon of water

10 minutes Gram-positive and gram-negative bacteria, 
canine distemper virus, feline 
rhinotracheitis virus, canine coronavirus

Snap ‘n’ Go 
#6 (Neutral 
Disinfectant, 
purple)

Octyl decyl ammonium chloride 
6.51%, dioctyl dimethyl 
ammonium chloride 3.25%, 
alkyl benzyl ammonium 
chloride 8.68%, inert 
ingredients

3.75 g/L (1/2 oz/gallon) 
water or full strength

10 minutes Gram-positive and gram-negative bacteria; 
use this dilution for feline leukemia virus, 
canine distemper virus

Snap ‘n’  
Go #14 
(Veterinary 
Disinfectant, 
green)

n-Alkyl dimethyl ethylbenzyl 
ammonium chloride 4.5%, 
dimethyl ethylbenzyl 
ammonium chloride, inert 
ingredients

7.5 g/L (1 oz/gallon) water 
or 30 g/L (4 oz/gallon) 
water

10 minutes Gram-positive and gram-negative bacteria, 
canine distemper virus, feline calicivirus; 
use this dilution for canine parvovirus, 
adenovirus, coronavirus, and parainfluenza 
viruses and for feline panleukopenia, 
coronavirus, and picornavirus

Virkon S Potassium peroxymonosulfate 
20.4%, sodium chloride 
1.5%, other ingredients 
78.1%

For 1% solution, add one 
(1) tablet to 120 g 
(16 fl oz) of water; 
solution stable for 7 
days

10 minutes Gram-positive and gram-negative bacteria; 
Aspergillus fumigatus, Candida albicans, 
Microsporum canis; canine parvovirus and 
distemper; feline parvovirus, herpes, and 
calicivirus; and Leptospira canicola

FIG. 3.1  Motion-sensitive water-activated scrub sink. (Courtesy 
Texas A&M Institute for Preclinical Studies.)

and clean brushes must be detached and autoclaved regularly. 
The scrub sink area must be located away from wrapped sterile 
supplies because of possible contamination by water droplets 
and spray from the sinks. Scrub sinks should never be used to 
clean equipment or instruments or to dispose of body fluids.
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maintained at positive pressure so that air flows from the cleanest 
areas to the least clean areas. Air should flow from the OR toward 
corridors and adjacent areas. Current requirements for airflow 
conditions in hospital ORs are regulated by the international 
technical society organized to advance the arts and sciences of 
heating, ventilation, air-conditioning and refrigeration (ASHRAE 
Standard 170-2008). Although this standard contains airflow 
requirements such as the number of exchanges and the tem-
perature and humidity of the air, it does not address airborne 
contaminant levels. At least 15 air changes per minute should 
be maintained, and at least 3 air changes per minute should be 
made up of fresh air. ORs are designed to introduce air at the 
ceiling with exhaust near the floor (plenum system). Rooms 
may be engineered for horizontal laminar flow, in which particle-
free air is moved over the operative field at a uniform velocity, 
picking up particles in its path and passing them through a 
high-efficiency particulate air (HEPA) filter. Although the benefit 
of laminar flow systems is questionable, HEPA filters do appear 
to provide the best environment for reducing microbial con-
taminants in the air of the OR. Regularly scheduled surveillance 
and maintenance of the air handling system is crucial. This 
involves checking for moisture in walls, ceilings, and other 
potentially porous materials; ensuring the integrity of air ducts; 
and checking fan settings and filters. Scavenging systems that 
pull anesthetic gases out of the OR air should be installed in 
each room.

General lighting in the OR is supplied by main overhead 
fluorescent lights, which are supplemented by one or preferably 
two halogen spotlights. Surgery lights are designed to emit a soft 
white light that is of high intensity, low heat, and true color and 
that reduces shadows without glare. Options include single, 
double, and triple light-head configurations in wall, ceiling, and 
stand mounts. Surgical lights are generally ceiling mounted. Track 
lighting should be avoided because dust and bacteria may become 
trapped in the tracks. Rotation capabilities are important; most 
lights rotate 360 degrees at the light-head axis, but some are 
even more flexible. Many lights can incorporate cameras. Fiber-
optic headlamps worn by many surgeons are now available in 
comfortable, lightweight models that virtually eliminate shadow-
ing of the surgical site (Fig. 3.2).

Stainless steel operating tables should be fully adjustable for 
height (hydraulic mechanism) and degree of tilt (Fig. 3.3). 
Tabletops should include a flat, one-piece surface or should have 
V-trough capabilities. Tables vary not only in terms of the types 
of procedures that can be performed on them, but also in imaging 

Gowning and Gloving Area
Gowning and gloving can be done outside or inside the OR. 
Controversy continues over which location results in the least 
cross-contamination, but no evidence supports one location over 
another.

NOTE  If the OR is small, or if several people are scrubbing in, 
gowning and gloving in a separate area may help prevent contamina-
tion of personnel, sterile supplies, or the prepped surgical site.

FIG. 3.2  Fiberoptic headlamp. 

Operating Room
ORs are individual rooms where surgeries are performed. The 
room should be large enough to allow personnel to move around 
sterile equipment without contaminating it and to accommodate 
the large pieces of equipment necessary for some procedures.

Guidelines from the American Institute of Architects recom-
mend that newly constructed general ORs should have a minimum 
clear floor area of 37 m2 (400 square feet) exclusive of fixed or 
wall-mounted cabinets and built-in shelves, with a minimum 
of 6 m (20 feet) clear dimension between fixed cabinets and 
built-in shelves.3 These guidelines also state that rooms for 
cardiovascular, neurologic, orthopedic, and other special pro-
cedures that require additional personnel or large equipment 
should have a minimum clear floor area of 55.7 m2 (600 square 
feet) and a minimum of 6 m (20 feet) clear dimension exclusive 
of fixed or wall-mounted cabinets and built-in shelves.

For renovations, the minimum clear floor area for general 
purpose rooms and orthopedic rooms should be 33.4 m2 (360 
square feet). Cardiovascular, neurologic, and other special purpose 
rooms should be 37 m2 (400 square feet). Windows should have 
coved or sloped edges and should be without ledges that can 
collect dust. They should be well sealed and should not be allowed 
to be opened. Studies have shown that natural light enhances 
staff morale.

Some suppliers that offer lights and tables (e.g., Skytron, 
Berchtold Corp.) also supply voice and touch screen activation 
systems, video monitors, cameras, power booms, and more for 
an integrated OR that is efficient and multifunctional. Integrated 
OR suites can be custom-configured to be minimal or extravagant 
and may be built from scratch or retrofitted.

The OR should be uncluttered and simple so that no areas 
trap dust or are difficult to clean. Floors, ceilings, walls, and 
other surfaces should be smooth, nonporous, and constructed 
of fireproof materials. Smooth surfaces can be thoroughly cleaned 
and disinfected (see Table 3.1), which helps prevent trapping of 
biological material that could cross-contaminate. Surface materials 
should be able to withstand frequent washing and cleaning with 
strong disinfectants.

Uniform ceilings are recommended for ORs. Most ceilings 
are made of plaster; however, moisture-resistant gypsum wallboard 
systems with special epoxy-based coatings may be less costly. 
Ceiling-mounted lights or fixtures should be sealed so that dust 
and contaminants cannot enter through openings and so that 
there is no compromise to the ventilation system. In semirestricted 
and unrestricted areas (e.g., recovery and holding areas), lay-in 
ceilings with clips that ensure that dust and other contaminants 
do not enter the room may be used4; however, they are not 
permitted in ORs.

Proper air handling is the single most important environmental 
factor in the prevention of SSI. Operating suites are ideally 
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source of surgical wound contamination. Other accessory 
equipment, such as physiologic monitors, the anesthesia 
supply cart, intravenous stands, and sitting stools, should be 
available. Each OR should be provided with a method to view 
radiographs (radiographic view box preferably flush-mounted to 
facilitate cleaning, or a digital screen). Portable imaging devices 
are optimal for evaluating placement of orthopedic implants. 
The OR should have a wall clock to determine elapsed time, 
particularly when vascular occlusion is necessary. Supply cabinets 
with tight-fitting doors (to minimize dust accumulation) may be 
located in each OR for storing suture material, dressings, sponges, 
scalpel blades, and frequently used instruments. Doors to the 
OR should be kept closed to reduce the mixing of OR air with  
corridor air.

Patient body temperature must be maintained during surgery, 
especially if the animal weighs less than 10 kg, or if the surgical 
procedure is prolonged. Hypothermia has numerous deleterious 
effects on the patient, including decreased cerebral blood flow, 
vasodilation, increased cardiac irritability, and decreased cardiac 
output.5 Importantly, heat loss is significant after the animal has 
been premedicated; thus attempts should be made to prevent 
the deleterious effects of hypothermia as early as possible, but 
certainly as soon after anesthetic induction as is feasible. In a 
2015 study, prewarming dogs weighing less than 10 kg in an 
incubator prior to inhalation anesthesia did not improve or 
maintain their body temperature during inhalation anesthesia 
with isoflurane in oxygen.6 Warming inhaled gases (e.g., Darvall’s 
anesthesia breathing circuits) might be more effective than 
warming blankets or devices, including providing warmed 
intravenous fluids. Different types of patient warming devices 
are available in veterinary medicine, including warm-air circulat-
ing devices (e.g., Bair Hugger, Hot Dog Patient Warming System, 
Darvall Vet Cocoon), water circulating systems, and electric 
warming pads. The ChillBuster Vet Surgical System (ThermoGear) 
consists of a surgical warming blanket, warming cage mat, and 
disposable covers to keep the surgical and recovery areas free of 
contamination. Some systems now come with a HEPA filter that 
is built into the unit so that dirt and debris are not recirculated 
(e.g., SurgiVet Equator Convective Warming System, Smiths 
Medical). These units may also have a thermostat that is located 
at the blanket itself, rather than at the heating unit, which may 
prevent overheating and burning of the patient. Electric-style 
pads are increasing in popularity because the temperature is 
fixed (38.9°C [102°F]), they can be cleaned and sanitized, and 
unlike water circulating pads, they cannot be punctured. Triple 
lumen fluid warmers (e.g., SurgiVet Hotline fluid warmer [Smiths 
Medical]) that deliver fluids and blood products to the patient 
at a consistent temperature may be of some value during surgery 
and postoperative care of surgical patients.

Room “Turnover”
Standard practice is to routinely clean rooms after each operation 
to provide a clean environment for the next one. Centers for 
Disease Control and Prevention guidelines specify use of a one-
step process and a hospital detergent registered with the Envi-
ronmental Protection Agency (EPA) and designed for general 
housekeeping purposes when blood or body fluid contamination 
of surfaces may occur. Likewise, the Occupational Safety and 
Health Administration requires that any equipment or surfaces 
contaminated with blood or potentially infectious agents should 
be cleaned and decontaminated. If single-use, disposable mops 
and cloths are not utilized, mop heads and cloths should be 

capabilities, mobility, and availability of accessory options. Tables 
that provide full-function tilt, Trendelenburg, reverse Trendelen-
burg, and other positioning capabilities are particularly useful. 
Tables with removable leg sections are convenient for orthopedic 
procedures. Specialized tables are available for intraoperative 
imaging when 100% of the tabletop is radiolucent. Portable 
V-troughs and insulating table pads should be available. Special 
tabletop attachments that allow the anesthesiologist to see the 
patient’s head should be provided so the patient can be monitored 
without contamination of the surgical field.

An instrument table (e.g., Mayo stand) or a back table should 
be available. The table should be large enough to accommodate 
all instrumentation required for the surgical procedure. Instru-
ment tables should be made of stainless steel and be adjustable 
in height. A kick bucket is used by surgical team members to 
discard soiled sponges during surgery. The bucket frame should 
have wheels so it can be moved easily (i.e., kicked) about the 
OR. Plastic bag liners for kick bucket containers facilitate cleanup.

Suction (portable or piped in; Fig. 3.4) should be available in 
each OR. Suction units with disposable containers are reliable, 
easily cleaned, and cost-efficient. Suction hoses should not be 
reused unless they are sterilized because they are a common 

FIG. 3.3  Operating room table with remote control to allow 
tipping of the table in any direction during the surgical procedure. 
(Courtesy Texas A&M Institute for Preclinical Studies.)

FIG. 3.4  Portable suction unit. (Courtesy Texas A&M Institute 
for Preclinical Studies.)
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as in cardiothoracic surgery. A properly trained anesthesiologist 
allows the surgeon to concentrate on the surgical procedure.

Operating Room Supervisor and Surgical Technician
In large facilities, the OR supervisor oversees technicians working 
in the surgical area. This individual is responsible for organizing 
work schedules, training new staff, setting policies for the surgical 
area, implementing and enforcing policies, and developing 
educational programs and seminars. The OR supervisor also 
participates in the day-to-day technical aspects of running a 
surgical area (i.e., circulates, opens surgical packs, and retrieves 
special instruments).

In a small facility (i.e., one that has only one or two ORs), 
the OR supervisor assumes all the tasks of the surgical technician 
already mentioned. The supervisor may also have other technical 
tasks to perform as a veterinary technician, such as administering 
anesthetics, providing restraint, and serving as receptionist. 
Qualifications of a well-educated technician include graduation 
from an approved veterinary technician/nurse program and 1 
to 2 years of basic training in a veterinary practice or veterinary 
teaching hospital.

REPAIRS AND RENOVATIONS
In human hospitals, nosocomial infections ranging from Aspergil-
lus and mold in ceilings to Legionella in wet areas prompted 
support of mandatory proactive infection control risk assessments 
(ICRAs) by the Joint Commission for the Accreditation of 
Hospitals, the American Society of Hospital Epidemiologists, 
and the American Institute of Architects. ICRAs should be initiated 
in the earliest stages of the design or development phase of a 
project to identify potential infectious risks to the patient popula-
tion, any risks associated with the mechanical systems of the 
building, and areas that will be influenced by the project. Goals 
include defining necessary containment measures (e.g., traffic 
diversion, waste removal, and work disruption) during construc-
tion and anticipating any safety hazards that can result from the 
construction.4

Care and Maintenance of the Surgical Environment
Surgery puts patients at risk for nosocomial (hospital-acquired) 
infection unless strict environmental, equipment care, and 
maintenance standards are established and followed. Because 
most surgical infections develop from bacteria entering the 
incision site during surgery, proper preparation of the surgical 
environment is crucial in reducing the likelihood of infection.

The OR is considered a restricted area, and appropriate attire 
must be worn by all personnel entering or leaving it (see Chapter 
6). To keep the surgical environment as free of microorganisms 
as possible, routine cleaning and disinfection should be performed. 
The term cleaning refers to removal of soil (i.e., blood, serum, 
urine, or pus); the term disinfection refers to treatment of 
surfaces, materials, and equipment with chemicals to reduce 
bacterial numbers (see also Chapter 2). Cleaning and disinfection 
are usually performed simultaneously, except when large quantities 
of organic material or other body fluids are present.

DAILY CLEANING ROUTINES
Operating Room
At the beginning of each surgery day, all horizontal surfaces, 
lights, OR equipment, and furniture should be damp dusted 

cleaned after each use and allowed to dry before reuse. After the 
last surgical procedure of the day or night, OR floors should be 
wet mopped with a single-use mop and an EPA-registered hospital 
disinfectant (see Table 3.1). Tacky surfaces and mats should not 
be used at the entrances of ORs. Ultraviolet lights also should 
not be used. Despite the practice of closing ORs or following 
special procedures to clean rooms after contaminated or dirty 
operations, no data support such practices.4

Postoperative Recovery Area
The postoperative recovery area should be adjacent to the surgical 
area, yet separate from other hospitalized patients. Patients should 
be placed in individual, heated cages and carefully monitored 
until recovery is complete. Patients that require intensive care 
should be taken directly to the critical care facility. Temperature 
in the recovery room should be warmer than in the OR (i.e., 
21°C–25°C [70°F–77°F]). Warming cabinets with a supply of 
warm fluids and blankets should be available. Analgesic medica-
tions and any equipment or medications that may be necessary 
in an emergency (e.g., defibrillator, laryngoscopes, endotracheal 
tubes, suction, oxygen, the crash cart) should be available.

Minor Procedures Surgery Room
A separate room adjacent to the anesthesia preparation area 
should be designated for minor contaminated surgical procedures 
(e.g., lacerations, biopsies, wound management, dental procedures, 
endoscopy). The room should be equipped with an operating 
table, spotlight, gas and suction lines for anesthesia equipment, 
suture material, antiseptic preparation materials, and instrument 
packs for minor surgery. Because of the nature of surgical 
procedures performed in this room, it should be properly cleaned 
and disinfected after each surgical procedure and at the end of 
each surgery day.

PERSONNEL
Responsibilities and functions of every member of the surgical 
team should be clearly defined in writing. This is done to clarify 
the job description and establish the accountability of each 
employee. These policies must be carefully followed and strictly 
enforced to ensure safe and efficient operation of the surgical 
area. All staff members should be evaluated periodically. Provision 
should be made for training programs, educational self-
improvement, and information dissemination, and current books, 
periodicals, and audiovisual tapes of new procedures and 
techniques should be available.

The surgeon’s role is to guide the flow and scope of what 
happens in the OR during surgery. Surgical assistance is often 
provided by a veterinary technician or nurse. Surgical assistants 
carry out functions that assist the surgeon in performing a safe 
operation, including developing a working knowledge of the 
procedure being performed, providing retraction and hemostasis, 
and manipulating instrumentation and tissues into proper 
position to complete the surgical task. A knowledgeable surgical 
assistant is invaluable. Both veterinary technicians and assistants 
must practice the hospital policy and procedures, involving a 
unified approach to aseptic technique.

An anesthesiologist is responsible for meticulous monitoring 
and adjustment of the patient’s physiologic status during surgery. 
Anesthesiologists are trained to render immediate care in a 
physiologic crisis. Occasionally, the surgeon and the anesthesiolo-
gist must work together to carefully time surgical maneuvers, 
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with a lint-free cloth and hospital-grade disinfectant (Box 3.2). 
After each surgical procedure, areas contaminated by organic 
debris (e.g., floors, doors, counters, equipment, operating table) 
should be cleaned and disinfected. If biohazards (i.e., infectious 
diseases or chemotherapeutic agents) are encountered during 
surgery, special precautions (i.e., specific disinfectant, cleaning 
time, and disinfectant contact time) should be taken during 
cleaning and disinfection.

At the close of each day, operating tables, counters, lights, 
equipment, floors, windows, cabinets, and doors should be cleaned 
and disinfected in preparation for the next day’s activities. Linen 
and waste bags should be collected, the linen laundered, and 
waste disposed of properly. Kick buckets should be disinfected 
and lined with new plastic bags. Surgical lights and monitoring 
and anesthetic equipment are cleaned and disinfected according 
to manufacturers’ specifications. Wheels and coasters of all 
movable equipment and gurneys are cleaned and disinfected. 
The OR should be restocked with commonly used instruments, 
suture material, gauze sponges, needles, and syringes, and the 
floor should be wet vacuumed or damp mopped. Wet vacuuming 
is preferred because wet mops support heavy bacterial  
growth and can be a major source of contamination and infection. 
If mops are used, mop heads should be laundered and dried 
daily. They should be rinsed between uses and soaked in 
disinfectant.

Scrub Sinks
Scrub sink areas need special attention during the day because 
water is frequently splashed on floors and walls, and blood and 

BOX 3.2  Daily Care and Maintenance of 
the Operating Room

At the Beginning of Each Day
•	 Wipe flat surfaces of furnishings and lights with a cloth dampened 

with a disinfectant solution.

After Each Surgical Procedure
•	 Collect used instruments and place them in a cool water and detergent 

or enzymatic solution.
•	 Collect waste materials and soiled linens and place them in the proper 

containers.
•	 Wipe instrument and surgical tables, stands, kick buckets, and heating 

pads with a disinfectant.
•	 If necessary, clean the floor (move the surgical table and clean under 

it if body fluids have collected there).

After the Last Surgical Procedure of the Day
•	 Clean and disinfect kick buckets.
•	 Check ceilings, walls, cabinet doors, counter surfaces, and all furniture, 

and clean as necessary.
•	 Clean and care for individual items (e.g., monitoring devices, anesthesia 

equipment, surgical lights) according to the manufacturer’s 
instructions.

•	 Wipe counter surfaces and cabinet doors with a disinfectant 
solution.

•	 Wipe instrument and surgical tables, stands, heating pads, and light 
fixtures with a disinfectant solution. Disassemble the surgical table 
if necessary to clean it thoroughly.

•	 Check supplies and restock as necessary.
•	 Roll wheeled equipment (e.g., surgical table, monitoring devices) 

through a small amount of disinfectant solution placed on the floor.
•	 Wet vacuum or damp mop the floor.

BOX 3.3  Daily Care and Maintenance of 
the Scrub Room and Sinks

Between Scrubbing Sessions
•	 Dispose of wrappings from packs.
•	 Dispose of debris in sinks.

After the Last Surgical Procedure of the Day
•	 Remove waste and clean waste receptacles with a disinfectant. Line 

waste receptacles with a plastic bag.
•	 Check supplies and restock.
•	 Clean and refill soap dispensers.
•	 Wipe counter surfaces, cabinet doors, walls adjacent to sink, and 

switch plates.
•	 Scrub and disinfect sinks.
•	 Wet vacuum or damp mop the floor.

other organic debris can be tracked from the scrub sink area to 
the surgical suite (Box 3.3). Water and soap splashed on the 
floor should be routinely removed to avoid slips, falls, and other 
accidents by surgical personnel. This area should be cleaned as 
needed throughout the day, with used scrub brushes and fingernail 
cleaners removed, soap dispensers cleaned, and sinks and walls 
washed. This area should be disinfected at the end of the day.

Anesthesia and Patient Preparation Room
Sinks, vacuum canisters, trash buckets, gurneys, and anesthesia 
preparation tables should be kept clean of organic debris and 
disinfected as necessary throughout the day (Box 3.4). Hair 
removed during patient preparation should be vacuumed  
from surgical tables and floors. Blood, urine, feces, tissue, serum, 
and purulent material should be contained and discarded.  
Needles and other sharp instruments should be disposed of in 
appropriate containers. Discarded biohazard materials should 
be disposed of in color-coded bags or should be clearly marked 
as a biohazard.

BOX 3.4  Daily Care and Maintenance of 
the Patient Preparation Area

Between Patient Preparations
•	 Discard waste material (e.g., feces).
•	 Properly dispose of urine and clean the sink.
•	 Remove hair from clipper blades and lubricate according to manufac-

turer’s instructions.
•	 Check walls, counters, and cabinet doors and clean with a disinfectant 

if necessary.
•	 Vacuum and clean the floor as necessary to remove hair clippings.

At the End of the Day
•	 Remove waste and clean waste receptacles with a disinfectant. Line 

waste receptacles with a plastic bag.
•	 Wipe light fixtures and supply lines with a disinfectant.
•	 Clean clippers according to manufacturer’s instructions.
•	 Vacuum the floor to remove hair clippings. Change the filter in the 

vacuum. Wipe the outside of the vacuum, the hose, and the nozzle 
with a disinfectant.

•	 Check the walls and ceiling, and clean as necessary.
•	 Check supplies and restock.
•	 Wipe counter surfaces, cabinet doors, walls adjacent to sink, and 

switch plates with a disinfectant.
•	 Scrub and disinfect sinks.
•	 Wet vacuum or damp mop the floor.
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WEEKLY AND MONTHLY CLEANING ROUTINES
Surgical suites should be emptied of movable equipment and 
thoroughly cleaned once a week. Shelves of supply cabinets, walls, 
windows, windowsills, ceilings, light fixtures, surgical tables, 
utility and supply carts (and castors), utility rooms, equipment 
storage areas, and infrequently used equipment also should be 
cleaned and disinfected. OR floors should be wet vacuumed at 
least weekly, and the grills of ventilation ducts vacuumed. Walls, 
floors, and ceilings should be mopped once a month, and wheels 
and other movable parts of equipment and gurneys should be 
lubricated.
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Plumbing fixtures, floors, cabinets, anesthetic equipment, 
utility rooms, furniture, and other equipment should be cleaned 
and disinfected daily. At the end of the day, the sink in the 
preparation area should be disinfected and a cup of disinfectant 
solution poured down the drain. The inner surface of garbage 
containers should be disinfected. Bags and filters of portable 
vacuums should be removed and replaced as necessary; the outside 
surfaces of the vacuum (including the hose and nozzle) should 
be wiped clean and disinfected. Clippers should be cleaned 
according to manufacturer’s instructions. Floors should be wet 
vacuumed or damp mopped and supplies restocked. If a mop 
is used, the mop bucket should be emptied and cleaned, and all 
cleaning equipment and supplies should be returned to a des-
ignated storage closet.

Recovery Room
Cages, sinks, trash buckets, and gurneys should be cleaned of 
organic debris and disinfected as needed throughout the day. 
Plumbing fixtures, floors, cabinets, anesthetic equipment, utility 
rooms, furniture, and other equipment should be cleaned and 
disinfected daily as described in the previous section.

After a surgical patient has vacated a recovery room cage, it 
must be carefully disinfected before it is used by the next patient. 
Before the cage is disinfected, padding, paper, and organic matter 
should be removed. Disinfectant should be sprayed on all surfaces 
of the cage, including the door. Dry organic matter should be 
scrubbed with a brush until it is released. Lastly, the area in front 
of the cage should be cleaned and disinfected. Linen (e.g., pads, 
blankets, and heating blanket covers) should be laundered before 
reuse. Plastic circulating-water heating blankets should be cleaned 
and disinfected. This protocol helps maintain a consistently low 
level of microbes in the surgical recovery area, which reduces 
the incidence of nosocomial infection. However, some infectious 
diseases (e.g., parvovirus) require special precautions.
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Preoperative and Intraoperative 
Care of the Surgical Patient

4 

The selection and preparation of surgical patients require attention 
to a number of details. The patient should always receive a complete 
physical examination, followed by the appropriate laboratory 
workup. A thorough history helps determine the extent of the 
physical and laboratory examinations. Obtaining preoperative 
information also allows comparison of the animal’s status before 
and after surgery (e.g., ability to micturate before and after spinal 
surgery). General assessment and stabilization of the surgical 
patient are discussed in this chapter; preoperative considerations 
for specific diseases are provided throughout the text.

HISTORY TAKING
A thorough history from the owner or caregiver aids in evaluation 
of the underlying disease process and identification of other 
abnormalities that might affect the surgical outcome. Although 
in emergencies an abbreviated history is often necessary, eventually 
a thorough history should always be obtained. The history should 
include the signalment, diet, exercise, environment, past medical 
problems, recent treatments (especially antiinflammatory, 
antimicrobial, and potentially nephrotoxic or hepatotoxic therapy), 
and any evidence of infection. Before embarking upon a detailed 
chronology of endless detail, the presenting complaint should 
be defined, specifically: (1) When did the current problem start? 
(2) What did the problem look like when it first began? and (3) 
Has the problem gotten better or worse, and if so, how? After 
the chief complaint has been defined, then one has a framework 
in which the details will make more sense.

Questions should be framed to avoid vague responses and 
to obtain specific information. For example, “When was your 
dog last vaccinated?” is a better question than “Is your dog current 
on his vaccinations?” Vomiting, diarrhea, altered appetite, exposure 
to toxins or foreign bodies, coughing, exercise intolerance, and 
other abnormalities should be noted. Animals with a history of 
previous drug reactions or seizures must be identified so that 
certain drugs can be avoided.

PHYSICAL EXAMINATION
The animal should be systematically evaluated during a physical 
examination, in which all body systems are evaluated. The animal’s 
general condition (body condition, attitude, and mental status) 
should be noted. If indicated, animals should have a neurologic 
examination (see Chapter 38) and an orthopedic examination 
(see Chapter 31) in addition to evaluation of the respiratory, 
gastrointestinal, cardiovascular, and urinary systems. Emergencies 
may allow only a cursory examination until the animal has  
been stabilized. Evaluation of the preanesthetic physical status 
(Table 4.1) is a good determinant of the likelihood of 

cardiopulmonary emergencies during or after surgery; the more 
deteriorated the physical status, the higher the risk of anesthetic 
and surgical complications.

LABORATORY DATA
The animal’s physical status and the procedure to be performed 
dictate the extensiveness of the laboratory workup. Determination 
of the hematocrit, total protein (TP), blood urea nitrogen or 
preferably serum creatinine concentration, and urine specific 
gravity may suffice for young, healthy animals undergoing elective 
procedures (e.g., ovariohysterectomy and declawing) and in 
healthy animals with localized disease (e.g., patellar luxation). 
If the animal is older than 5 to 7 years, even with a physical 
status of I or II (see Table 4.1), or has systemic signs (e.g., dyspnea, 
heart murmur, anemia, ruptured bladder, gastric dilation-volvulus, 
shock, and hemorrhage), and/or if the anticipated surgery time 
is longer than 1 to 2 hours, a complete blood count, serum 
biochemistry profile, and urinalysis should be done. Venous blood 
gas analysis could also be considered to determine the animal’s 
acid-base status.

The necessity for additional laboratory data is dictated by 
the animal’s presenting signs and underlying disease (Table 4.2). 
Identification of associated or underlying disease influences 
preoperative management, the surgical procedure performed, 
the prognosis, and postoperative care. Animals with neoplasia 
should be evaluated for metastasis (e.g., thoracic radiographs, 
abdominal ultrasound, and/or lymph node aspiration). Those 
with cardiac disease should have thoracic radiographs, cardiac 
ultrasound scans, and/or electrocardiograms (see Chapter 27). 
In endemic areas, the patient’s heartworm status should be checked 
before surgery. Traumatized animals should have thoracic 
radiographs so that the diaphragm, pleural space, and lungs can 
be evaluated for conditions such as pulmonary contusion, 
pneumothorax, pleural effusion, or diaphragmatic hernia. Full-
body sedated computed tomography (CT) exams can also be 
considered for traumatized animals to assess for unidentified 
injuries. Although economic considerations are important, a 
thorough preoperative examination is cost-effective because it 
often prevents or predicts costly complications.

NOTE  Remember that there are age-related differences in hema-
tologic and serum biochemical values in dogs. Growth and maturation 
of puppies influences some of these values such that they diverge 
greatly from those for adults (e.g., white blood cell count, red blood 
cell count, hematocrit, alkaline phosphatase activity, hemoglobin, 
calcium, phosphorus, protein, and globulin concentrations).
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ABSTRACT
The surgical patient requires a thorough assessment before 
sedation, anesthesia, or surgical intervention in order to rate the 
physical status of the animal and determine surgical risk. The 
patient’s history, clinical signs, physical examination findings, 
laboratory test results, and cursory diagnostic imaging findings 
are all critical for complete evaluation. If indicated and if possible, 
the patient should receive stabilization measures before surgery, 
including but not limited to oxygen therapy, fluid therapy, and 
correction of acid-base and electrolyte abnormalities.

KEYWORDS
patient assessment
stabilization
oxygen therapy
fluid therapy
checklists
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before induction of anesthesia usually are justified. Intravenous 
(IV) fluids are indicated for all animals undergoing general 
anesthesia and surgery, including healthy animals having elective 
procedures. The need for perioperative antibiotics is dictated by 
the animal’s disease and the procedure being performed. Recom-
mendations for antibiotic prophylaxis and therapy are given 
with discussions of specific diseases throughout this text. Peri-
operative antibiotic use is discussed in Chapter 9.

The patient history, clinical signs, physical examination find-
ings, electrolytes, and total carbon dioxide (CO2) are helpful in 
identifying significant acid-base abnormalities. The blood pH, 
arterial oxygen partial pressure (PaO2), arterial carbon dioxide 
partial pressure (PaCO2), and bicarbonate concentration may 
be measured to determine the extent of such abnormalities. If 
the animal is notably acidemic (arterial pH <7.2), efforts to 
optimize ventilation and capillary perfusion should be instituted. 
As a result of production and retention of CO2 in the tissues, 
correcting base deficits with sodium bicarbonate without concur-
rent ventilatory and hemodynamic support may be detrimental; 
most acidotic patients do not require bicarbonate administration. 
The amount of bicarbonate necessary to give for a given base 
deficit can be calculated using the formula in Box 4.1.

The patient’s nutritional state is often critical in chronically 
diseased animals. Preoperative parenteral or enteral hyperali-
mentation (see Chapter 10) is sometimes recommended to 

DETERMINATION OF SURGICAL RISK
Once the history, physical examination, and laboratory tests have 
been completed, the surgical risk can be estimated and a prognosis 
given (Table 4.3). An excellent prognosis should be given if the 
potential for complications is minimal and there is a high prob-
ability that the patient will return to normal after surgery. If 
there is a high probability of a good outcome but some potential 
for complications, a good prognosis is warranted. If serious 
complications are possible but uncommon, if recovery may be 
prolonged, or if the animal may not return to its presurgical 
function, a fair prognosis is warranted. If the underlying disease 
or the surgical procedure is associated with many or severe 
complications (or both), if recovery is expected to be prolonged, 
if the likelihood of death during or after the procedure is high, 
or if the animal is unlikely to return to its presurgical function, 
a poor prognosis should be given. A guarded prognosis is often 
given when the outcome is highly variable or unknown.

Occasionally the risk of the surgical procedure may outweigh 
its potential benefits. For example, removal of an apparently 
benign skin mass may not be warranted in an animal with hepatic 
or renal dysfunction. Likewise, patients with thoracic metastases 
may not benefit from removal of the primary tumor. Quality of 
life must be considered for veterinary patients; those with severe, 
debilitating, untreatable disease may not benefit from surgery. 
However, for some patients surgery may improve the quality of 
life even if length of life is limited.

CLIENT COMMUNICATION
Communication with the client is extremely important to ensure 
the owner’s satisfaction after surgery. Owners should be informed 
before surgery of the diagnosis, surgical or nonsurgical options, 
potential complications, postoperative care, prognosis, and cost. 
Although cost cannot always be predicted because of unanticipated 
complications, owners should be kept apprised of the animal’s 
status and of procedures that may affect the initial cost estimate. 
If the disease is hereditary, neutering should be recommended. 
A waiver signed by the owner, authorizing surgery and accepting 
anesthetic and surgical risks, is mandatory and should be part 
of the medical record.

PATIENT STABILIZATION
Patients should be stabilized as thoroughly as possible before 
surgery. Occasionally, stabilization is impossible, and surgical 
intervention must be done rapidly; however, replacing fluid 
deficits and correcting acid-base and electrolyte abnormalities 

TABLE 4.1  Rating of Physical Status in Surgical Patients
Physical Status Animal’s Condition Examples

I Healthy with no discernible disease Patient is undergoing an elective procedure (e.g., ovariohysterectomy, 
declaw, castration)

II Healthy with localized disease or mild systemic disease Patellar luxation, skin tumor, cleft palate without aspiration pneumonia

III Severe systemic disease Pneumonia, fever, dehydration, heart murmur, anemia

IV Severe systemic disease that is life threatening Heart failure, renal failure, hepatic failure, severe hypovolemia, severe 
hemorrhage

V Moribund; patient not expected to live longer than 24 
hours with or without surgery

Endotoxic shock, multiorgan failure, severe trauma

BOX 4.1  Calculation of Volumes 
Needed for Blood Transfusion or 
Bicarbonate Therapy

?

Blood Transfusion
Blood needed mL Recipient s weight kg Desired PCV

Recipi
( ) ( )= ×

−
’

eent PCV Donor s PCV cat or dog’ × 70 90( ) ( )
a

Note: A rough estimate is 2.2 mL of blood/kg of body weight increases 
the recipient’s PCV by 1%.

Bicarbonate Therapy
Bicarbonate needed (mEq) = 0.3 × Base deficitb (mEq) × Body weight (kg)

Give one half intravenously (IV) over 10 to 15 minutes and reevaluate; 
give remainder over 4 to 6 hours if necessary or give 1–2 mEq/kg IV; 
repeat only if indicated based on assessment of acid-base balance and 
potassium concentration.

Note: Because carbon dioxide is an end product of bicarbonate 
administration, ensure adequate ventilation.

PCV, Packed cell volume.

aTotal blood volume is estimated at 90 mL/kg for dogs and 70 mL/kg for cats.
bSome calculate the base deficit as the difference between the desired bicarbonate 
and the actual bicarbonate (rather than the normal bicarbonate and the actual 
bicarbonate). Animals that are acidotic enough to require bicarbonate therapy need 
continual monitoring.
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TABLE 4.2  Brief Considerations for Selected Clinical Pathologic Findings
Laboratory 
Abnormality Comments Major Differential Diagnoses

High BUN Obtain urine specific gravity before initiating fluid 
therapy; measure serum creatinine concentration

Prerenal azotemia, primary renal disease, postrenal azotemia

Low BUN Hepatic insufficiency (e.g., portosystemic shunt, cirrhosis), severe 
polyuria-polydipsia, low-protein diet

High ALT ALT may be normal in some animals with severe 
hepatic disease

Hepatic disease: the magnitude of the increase in ALT is neither 
diagnostic for any particular disease nor prognostic; severe muscle 
disease can cause increases in ALT

Low albumin Substantial inconsistencies between laboratories, 
methodology used to measure albumin in people can 
severely underestimate canine albumin concentration

Hepatic disease, loss from kidneys or gastrointestinal tract, severe 
exudative cutaneous lesion (e.g., burn); lack of nutrition is not the 
sole cause for a serum albumin <2.0 g/dL

High SAP Commonly elevated in young growing animals or 
caused by steroids or anticonvulsants; falsely 
elevated with severe lipemia or severe bilirubinemia 
(>8 g/dL)

Hepatic disease, steroid therapy, extrahepatic biliary obstruction, 
some neoplasms; many dogs with increased SAP as the only 
biochemical abnormality do not have clinically significant 
hepatobiliary tract disease

High bilirubin Exposure to fluorescent light may degrade bilirubin Hepatocellular disease, extrahepatic biliary obstruction, intrahepatic 
cholestasis, hemolytic anemia, severe sepsis

High calcium It is probably best to measure ionized serum calcium 
because serum albumin concentrations can have a 
substantial effect on total serum calcium 
concentrations, masking hypercalcemia

Paraneoplastic syndrome (lymphosarcoma, anal sac 
adenocarcinoma), primary hyperparathyroidism, calciferol-containing 
rodenticides, hypervitaminosis D, hypoadrenocorticism, 
granulomatous disease, chronic renal failure

Low calcium Artificially low in animals with low albumin Renal disease (especially acute), pregnancy (eclampsia), 
hypovitaminosis D, hypoparathyroidism

High phosphorus Normal in young, growing dogs Renal failure (acute and more severe chronic)

Low phosphorus Refeeding syndrome, excessive insulin—especially in ketoacidotic 
cats (can cause hemolysis)

High creatinine Emaciated animals have a falsely reduced serum 
creatinine

Renal disease, prerenal azotemia, uroabdomen, muscle trauma (very 
minor elevations)

High glucose Stress may increase glucose to 200–400 mg/dL in cats Diabetes mellitus

Low glucose Delayed separation of RBCs falsely lowers glucose Hepatic disease, insulinoma, hypoadrenocorticism, extrahepatic 
neoplasms, septicemia or toxemia, starvation of neonates

High sodium Primarily caused by loss of free water Vomiting, diarrhea, renal failure, diabetes insipidus, inappropriate 
fluid therapy, adipsia for any reason, free water loss for any reason

High potassium Thrombocytosis may falsely elevate potassium; 
hemolysis increases potassium in selected breeds

Hypoadrenocorticism, severe renal failure, uroabdomen, selected 
drugs

Low potassium Vomiting, diarrhea, diuretic therapy, chronic renal failure (especially 
in cats), inappropriate fluid therapy, refeeding syndrome

High total CO2 Usually means metabolic alkalosis due to vomiting gastric contents, 
excessive diuretic administration, sodium bicarbonate 
administration, inappropriate fluid therapy. Can also mean a 
compensated respiratory acidosis (exceedingly rare)

Low total CO2 Usually means metabolic acidosis from any of a number of causes, 
rarely means compensated respiratory alkalosis

High eosinophils Parasitism (heartworm), eosinophilic diseases, mast cell tumor, 
hypersensitivities

High basophils Parasitism (heartworm), mast cell tumors

High lymphocytes Can be found in young animals ± Lymphosarcoma, ± feline leukemia virus, chronic lymphocytic 
leukemia, some dogs with ehrlichiosis

Low lymphocytes Severe stress, lymphangiectasia, chylothorax, acute viral diseases

High RBCs Some breeds (e.g., greyhounds) normally have higher 
packed cell volume (e.g., 55%) than other breeds

Dehydration, polycythemia, hypoxia (right to left shunts)

ALT, Alanine aminotransferase; BUN, blood urea nitrogen; RBC, red blood cells; SAP, serum alkaline phosphatase.

improve nutritional status before surgery. For example, in patients 
with cleft palate, cleaning particulate matter from the nasal cavity, 
administering the appropriate antibiotics, and providing enteral 
hyperalimentation for several weeks before surgery may reduce 
infection and improve wound healing.

Traumatized patients must be evaluated swiftly to detect 
life-threatening abnormalities. The cardiovascular and respiratory 
systems should be assessed by evaluating the pulse quality and 
rate, respiratory rate and effort, mucous membrane color, and 
capillary refill time (Videos 4.1 and 4.2). The heart should be 
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auscultated for evidence of murmurs or an arrhythmia, and the 
lungs should be evaluated for crackles or wheezes. Diminished 
heart or lung sounds suggesting the presence of space-occupying 
pleural disease or a diaphragmatic hernia should be noted. Oxygen 
therapy should be given to animals that appear to be in respiratory 
distress or have other signs of oxygen deprivation. Thoracic 
radiographs or thoracic CT should be considered in traumatized 
patients regardless of the lack of obvious respiratory distress.

The use of ultrasound as a point-of-care test for animals present-
ing with emergent conditions has been gaining wide acceptance.1 
Abdominal and thoracic focused assessment with sonography for 
trauma (AFAST and TFAST) allow for detection of peritoneal, 
pleural, and pericardial fluid, in addition to rapidly identifying 
pneumothorax. The AFAST examination is a four-quadrant protocol 
(Box 4.2; Fig. 4.1) that is performed with the animal in right or left 
recumbency. An abdominal fluid score is recorded, ranging from 
0 (no fluid in any quadrant) to 4 (peritoneal fluid in all quadrants). 
Serial AFAST examinations performed every 2 to 4 hours allow 
detection of delayed accumulation of peritoneal fluid. The TFAST 
examination is a five-point scan that evaluates the animal in both 
right and left lateral recumbencies (Box 4.3; Fig. 4.2).

OXYGEN THERAPY
Clinical signs of hypoxia include dyspnea, cyanosis, tachycardia, 
tachypnea, postural changes, anxiety, and/or central nervous 

TABLE 4.3  Guidelines for Determining 
Surgical Prognosis
Prognosis Criteria

Excellent Potential for complications is minimal
High probability that patient will return to normal 

after surgery

Good Some potential for complications
High probability of a good outcome

Fair Serious complications are possible, but uncommon
Recovery may be prolonged
Animal may not return to its presurgical function

Poor Underlying disease or surgical procedure is 
associated with many or severe complications

Recovery is expected to be prolonged
Likelihood of death during or after the procedure 

is high
The animal is unlikely to return to its presurgical 

function

Guarded Outcome is unknown or uncertain

The AFAST examination consists of two ultrasonographic views (transverse 
and longitudinal) in each of the following four areas:
1.	Diaphragmaticohepatic (DH) view: probe placed subxiphoid
2.	Splenorenal (SR) view: probe placed at left flank
3.	Hepatorenal (HR) view: probe placed at right flank
4.	Cystocolic (CC) view: probe placed at midline over urinary bladder

At each area, the ultrasound probe (5- or 7.5-MHz curvilinear probe) is 
fanned through an angle of 45 degrees from the long- and short-axis 
positions and is moved 2 to 3 cm (1 in) in each of four directions (i.e., 
cranial, caudal, left, and right) from the starting point until target organs 
are located.

BOX 4.2  Abdominal Focused 
Assessment With Sonography for  
Trauma (AFAST) Protocol to Detect Free 
Abdominal Fluid in Dogs (see Fig. 4.1)

FIG. 4.1  Four views of the abdominal focused assessment with 
sonography for trauma (AFAST) examination: (1) diaphragmati-
cohepatic (DH), (2) splenorenal (SR), (3) cystocolic (CC), and (4) 
hepatorenal (HR). (From Boysen SR, Lisciandro GR. The use of 
ultrasound for dogs and cats in the emergency room. Vet Clin 
North Am Small Anim Pract. 2013;43[4]:773–797.)

The TFAST examination consists of examination of five areas:
1.	Left and right chest tube site (CTS): probe placed at the seventh to 

ninth dorsolateral intercostal space
2.	Left and right pericardial sac (PCS) view: probe placed at the fifth to 

sixth ventrolateral intercostal space
3.	Diaphragmaticohepatic (DH) view: probe placed subxiphoid

BOX 4.3  Thoracic Focused Assessment 
With Sonography for Trauma (TFAST) 
Protocol to Detect Pleural Fluid, 
Pericardial Fluid, and Pneumothorax in 
Dogs (see Fig. 4.2)

NOTE  Remember that patients can be hypoxic without showing 
signs of cyanosis because greater than 5 g/dL of deoxygenated 
hemoglobin must be present in the circulation before cyanosis can 
be detected. The patient must have a PCV of approximately 15% 
to have 5 g hemoglobin/dL.

system depression. If clinical signs, arterial blood gases, pulse 
oximetry, or the patient’s disease suggest hypoxia, supplemental 
oxygen may be administered via mask, flow-by, or nasal catheter, 
or the animal may be placed in an oxygen cage or tent.

Flow-by oxygen may be the easiest way to provide supplemental 
oxygen in an emergency situation (Fig. 4.3; Table 4.4). The oxygen 
line is placed within 1 to 3 cm of the patient’s nose and mouth, 
which creates a small area where the fraction of inspired oxygen 
(FiO2) is increased. However, because it requires a care provider 
to be present to hold the oxygen line and to ensure that the 
patient does not move away from it, and because a high oxygen 
flow rate is required, it is not always practical or the best choice. 
Furthermore, it is not nearly as effective as the other methods 
described below.

Face mask delivery of oxygen is a useful short-term method 
to provide supplemental oxygen. With an oxygen flow rate of 6 
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FIG. 4.2  Five views of the thoracic focused assessment with 
sonography for trauma (TFAST) examination: (1) right and left 
chest tube site (CTS), (2) right and left pericardial sac (PCS),  
(3) midline diaphragmaticohepatic (DH). (From Boysen SR, 
Lisciandro GR. The use of ultrasound for dogs and cats in the 
emergency room. Vet Clin North Am Small Anim Pract. 2013;43[4]: 
773–797.)

FIG. 4.3  A 12-year-old large mixed-breed dog receiving flow-by 
oxygen supplementation. 

TABLE 4.4  Methods for Supplementing Oxygen
Mode of Oxygen 
Delivery Indication Oxygen Flow Rate

Fraction of 
Inspired Oxygen

Face mask Short-term emergency stabilization 6–10 L/min (be sure face 
mask fits well)

35%–55%

Flow-by Short-term emergency stabilization; face mask not tolerated 6–8 L/min 25%–45%

Tent or Elizabethan 
collar canopy

Nasal catheter not tolerated; oxygen cage not available 0.75–1 L/min 30%–40%

Nasal catheter Postoperative oxygen delivery; prolonged delivery 1–6 L/min; 50–100 mL/kg/min 30%–50%

Nasotracheal tube Upper airway obstruction; nasal catheter not tolerated 50 mL/kg/min 40%–60%

Oxygen cage Prolonged delivery of oxygen; limited access to patient 40%–50%

to 10 L/min and a well-fitted mask, an FiO2 of 0.35 to 0.55 may 
be achieved (see Table 4.4). Be aware that face masks may not 
be tolerated (especially in severely dyspneic animals) and are 
often difficult to fit well to the faces of cats and brachycephalic 
dogs. An alternative is to use an Elizabethan collar covered with 
plastic wrap to create an oxygen-enriched environment. The 
end of the oxygen tube should be fed up through the collar and 
secured (Fig. 4.4). To allow elimination of CO2, make a small 
hole in the plastic wrap.

Nasal catheters may be used when more prolonged oxygen 
delivery is desired than can be achieved with flow-by or face 
mask techniques (Box 4.4). Other advantages of nasal catheter 
delivery of oxygen are that it permits access to the patient without 
loss of the oxygen-rich environment (versus an oxygen cage), 
and it is well tolerated in most patients. When necessary, bilateral 
catheters can be placed. The appropriate oxygen flow rate is 
based upon assessment of the degree of respiratory distress, the 
patient’s respiratory rate and pattern, and the patient’s size. The 
recommended initial therapeutic dose for unilateral nasal oxygen 
supplementation is approximately 50 to 100 mL/kg per minute. 
These flow rates can achieve a tracheal FiO2 of approximately 
50%. Although high gas flow rates can be administered through 
a single nasal catheter, these high flow rates are associated with 
patient discomfort, nasal turbinate desiccation, and airway 
constriction. In such cases, administering oxygen through bilateral 
nasal catheters can improve patient comfort. Nasotracheal tubes 

FIG. 4.4  Makeshift oxygen tent. 
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30 minutes, and the patient is carefully reassessed for changes 
in vital signs. If hemodilution is not a concern, balanced electrolyte 
solutions (e.g., lactated Ringer’s solution, Normosol-R) may be 
given. The duration of action of infused crystalloids is short, 
with only approximately 10% of the solution remaining in the 
intravascular space at 1 hour.

Limited-volume fluid resuscitation (LVFR) is an alternate 
means for animals presenting with hemorrhagic shock. The 
smallest fluid volume required to restore intravascular volume 
is used, thereby minimizing extravasation of fluid into the 
interstitium and decreasing the risk of blood clot disruption. 
LVFR protocols typically use hypertonic saline or colloids instead 
of crystalloid solutions.

Hypertonic saline solutions are beneficial for reducing total 
fluid requirements, limiting edema, and increasing cardiac output. 
Adding a colloid (e.g., hetastarch, plasma) to hypertonic saline 
prolongs the effect of the volume expansion. However, animals 
with protein-losing nephropathy or enteropathy quickly lose the 
albumin they receive from plasma, making this an expensive and 
poorly effective therapy. Synthetic colloids are a better option 
in these patients. Colloids could also be considered for animals 
that are hypoproteinemic (i.e., total solids less than 4.5 g/dL). 
Fresh-frozen plasma (FFP) is beneficial for patients in need of 
coagulation factors because of consumption or dilution (e.g., 
when large doses of synthetic colloids have been given). The 
major preoperative concern in anemic patients is maintaining 
oxygen-carrying capacity; therefore transfusions (i.e., whole 
blood or packed red cells) may be necessary in anemic patients. 
Animals with a preoperative packed cell volume (PCV) less than 
or equal to 20% usually benefit from transfusions. The amount of 
donor blood necessary can be estimated by the formula presented  
in Box 4.1.

Crystalloid Solutions
Crystalloids are solutions containing electrolyte and nonelectrolyte 
solutes capable of entering all body fluid compartments. Advan-
tages of crystalloid fluid therapy include replacement of interstitial 
and intravascular fluid losses, minimal impairment of coagulation, 
and no risk for allergic reaction, as well as low cost and wide 
availability. The main disadvantage is the limited duration of 
IV volume expansion when using crystalloid therapy alone. Large 
volume of crystalloid administration can contribute to decreased 
colloid oncotic pressure, resulting in tissue edema and other 
serious consequences.

Examples of crystalloid solutions include Normosol-R, lactated 
Ringer’s solution, 5% dextrose, Plasma-lyte A, and normal 
saline (0.9%). Supplementation of these fluids with potassium 
chloride (KCl) is indicated if the patient is hypokalemic or likely 
to become so (e.g., from vomiting). A sliding scale for potassium 
addition to parenterally administered fluids is provided in  
Table 4.6. Thorough mixing of the crystalloid solution following 
addition of KCl should be performed to avoid potentially life-
threatening infusion of potassium.

The choice of fluid to administer depends on the nature of 
the disease process and the composition of the body fluid losses. 
Patients vomiting gastric contents may become hypokalemic or 
hypochloremic. They can develop metabolic alkalosis (see  
p. 398), in which case 0.9% NaCl with 20 to 30 mEq KCl per 
liter is a reasonable choice, or they can become acidotic. The 
acid-base status cannot be accurately predicted. If the vomitus 
is not primarily stomach contents, lactated Ringer’s may be used 
initially while awaiting laboratory results.

FIG. 4.5  A 5-year-old English Bulldog with nasotracheal intubation 
to facilitate postoperative recovery. 

BOX 4.4  Nasal Oxygen Insufflation
1.	Select a small, red rubber feeding tube (3.5–5 Fr for cats, 5–8 Fr for 

dogs) to serve as a catheter and lubricate the tip with lidocaine gel.
2.	Place one or two drops of local anesthetic (e.g., 2% lidocaine or 

proparacaine) in the nostril.
3.	Premeasure the catheter to the medial canthus of the eye or the 

caudal ramus of the mandible.
4.	Elevate the dorsal aspect of the nose and feed the lubricated catheter 

into the nostril the predetermined distance.
5.	Suture or glue (e.g., VetBond) the catheter to the external naris and 

muzzle, and over the frontal sinus or along the jaw. With cats, do not 
allow the tube to touch the whiskers.

6.	Place an Elizabethan collar on the animal.
7.	Attach the tube to an oxygen source and administer humidified oxygen 

to maintain oxygen saturation at greater than 90%; typically start at 
50 mL/kg/min and adjust as necessary.a

aGastric distention may occur if the flow rate is too high.

can be used in animals, particularly brachycephalic breeds, which 
will not tolerate an intranasal catheter (Fig. 4.5; see Table 4.4).

An oxygen cage provides a sealed environment in which the 
FiO2, ambient temperature, and humidity can be controlled. An 
ambient temperature of 70°F and a relative humidity of 40% to 
50% is desired. The major disadvantage of an oxygen cage is 
that it isolates the patient from the clinician because each time 
the oxygen cage door is opened there is a loss of the oxygen-rich 
environment.

FLUID THERAPY
Fluid therapy should be initiated if hemorrhage or shock is 
suspected (Table 4.5). The normal blood volume of dogs is 
approximately 90 mL/kg and that of cats is approximately 60 to 
70 mL/kg. Treatment of acute hypovolemia is intended to establish 
a circulating blood volume that allows adequate tissue perfusion. 
Generally, hypovolemic patients can be given polyionic isotonic 
fluid intravenously in the first hour (60–90 mL/kg in dogs, 
45–60 mL/kg in cats) without adverse effects; however, patients 
with pulmonary, cardiovascular, or severe renal disease may be 
less tolerant of rapid fluid administration. Commonly, one-quarter 
to one-half the calculated shock dose is administered over 15 to 
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hypovolemia from untreated dehydration. If it is given as a rapid 
bolus, hypotension may occur and can be fatal. Lower doses 
should be used in patients with cardiac disease, and central venous 
pressure should be monitored during administration. Hypertonic 
saline should be avoided in patients with severe dehydration 
and hyperosmolar conditions. It is given as an IV infusion (1 mL/
kg per minute) at a dose of 4 to 6 mL/kg, or can be used for 
low-volume fluid resuscitation.

Colloid Solutions
Colloids are large-molecular-weight substances (e.g., plasma, 
dextrans, and hetastarch) that are restricted to the plasma 
compartment because of their size. These solutions are often 
used in animals in shock or that are severely hypoalbuminemic 
(i.e., serum albumin <1.5 g/dL); however, colloids should be 
used with caution due to the potential for adverse outcomes 
(see Note on next page). Factors that influence the duration and 
volume of intravascular expansion associated with artificial 
colloids are the species of animal, dose, specific colloid 

TABLE 4.5  Blood and Fluid Products: Indications for Use and Doses
Product Indications Infusion Rate

Isotonic crystalloid 
solutionsa

Shock
Dehydration
Maintenance

Dogs: Up to 90 mL/kg (to effect)
Cats: Up to 60 mL/kg (to effect)
Maintenance rate is approximately 66 mL/kg/day for a 10-kg dog; larger dogs need less (e.g., 

44 mL/kg/day for a 40-kg dog) and smaller dogs need more (e.g., 81 mL/kg/day for a 5-kg dog)

Hetastarch Shock
Hypoalbuminemia

Dogs: 10–20 mL/kg/h (shock)
Cats: 10–15 mL/kg/h over 10–15 min (shock)
5–10 mL/kg (can repeat) or constant-rate infusion (1–2 mL/kg/h) up to 20 mL/kg/day 

(hypoalbuminemia)

Pentastarch Shock
Hypoalbuminemia

Dogs: 10–20 mL/kg/h (shock)
Cats: 10–15 mL/kg/h (shock)
5–10 mL/kg (can repeat) or constant-rate infusion (1–2 mL/kg/h) up to 20 mL/kg/day 

(hypoalbuminemia)

25% Human serum 
albumin

Shock
Hypoalbuminemia

5–25 mL/kg; maximal volume
2–4 mL/kg (bolus or slow push)
0.1–1.7 mL/kg/h as a constant-rate infusionb

7% Hypertonic salinec Shock
Hypoalbuminemia

4 mL/kg over 5 min, then isotonic crystalloids (10–20 mL/kg/h) to effect

Fresh whole blood Anemia
Hemorrhage
Coagulopathy
Shock

10–22 mL/kg (see also Box 4.1); in general, 2 mL/kg will raise the PCV by 1%
For shock: 22 mL/kg/h maximum

Stored whole blood Anemia
Hemorrhage

10–22 mL/kg (see also Box 4.1); in general, 2 mL/kg will raise the PCV by 1%

Packed red blood cells Anemia
Hemorrhage

6–10 mL/kg and then reassess PCV to determine if more is necessary; in general, 1 mL/kg will 
raise the PCV by 1%

Platelet-rich plasma Thrombocytopenia
Coagulopathy

1 unit/3–10 kg

Fresh-frozen plasma Coagulopathy
Hypoproteinemia
DIC

10–20 mL/kg; then reassess serum albumin or AT III concentration to determine if more is 
necessary

Cryoprecipitate Von Willebrand disease
Hemophilia

1 unit/5–15 kg

Oxyglobin Anemia
Shock

Dogs: 15–30 mL/kg at a maximum rate of 10 mL/kg/h
Cats: 5–10 mL/kg at a maximum rate of 5 mL/kg/h

aMonitor central venous pressure to prevent fluid overload.
bFrom Mathews KA, Barry M. The use of 25% human serum albumin: outcome and efficacy in raising serum albumin and systemic blood pressure in critically ill dogs and cats.  
J Vet Emerg Crit Care. 2005;15:110.
cTo prolong the effect of hypertonic saline, hetastarch or other colloid may be administered simultaneously. Do not exceed the maximum rate for either fluid.
AT III, Antithrombin III; DIC, disseminated intravascular coagulation; PCV, packed cell volume.

TABLE 4.6  Sliding Scale for Potassium 
Supplementation

Serum 
Potassium 
(mEq/L)

mEq KCl to Add 
to 250 mL Fluid

Maximal Fluid Infusion 
Ratea (mL/kg/h)

<2.0 20 6

2.1–2.5 15 8

2.6–3.0 10 12

3.1–3.5 7 16

aDo not exceed 0.5 mEq/kg/h.

Hypertonic saline (7.2%) can be used for restoration of 
intravascular volume in patients with severe hypovolemic shock 
or head trauma. Its use requires preexisting normal hydration, 
and thus hypertonic saline is primarily useful in dogs or cats 
with sudden development of hypovolemia rather than 



33CHAPTER 4  Preoperative and Intraoperative Care of the Surgical Patient

with HSA use, with a low number of mild adverse reactions 
reported in some studies and several serious complications 
potentially attributable to HSA administration in others.3 In 
addition, HSA has been shown to be highly antigenic in both 
ill and normal dogs, and presents a significant risk if administered 
more than once. Goals for HSA administration in dogs are to 
increase serum albumin to 2.0 to 2.5 g/dL and COP to 14 to 
20 mmHg (Box 4.6).

Blood Products
Whole blood is the blood product most commonly transfused 
into dogs and cats. It contains donor blood plus anticoagulant. 
Although no standards have been established for the volume of 
blood that constitutes 1 unit, a human collection system generally 
contains approximately 450 mL of blood and 63 mL of antico-
agulant and is designated as 1 unit. Whole blood contains red 
blood cells, clotting factors, proteins, and platelets. The initial 
dose is 10 to 22 mL/kg (see Table 4.5).

Packed red cells are the red cells and a small amount of 
plasma that remains after most of the plasma has been removed. 
Approximately 200 mL of packed red cells is obtained from 
450 mL of whole blood. Because packed red cells do not 
contain clotting factors or platelets, they are typically used to 
treat anemia. The initial dose is 6 to 10 mL/kg (see Table 4.5). 
FFP is the plasma obtained from a unit of whole blood plus 
the anticoagulant. If frozen at −30°C (−22°F), clotting factors 
contained in FFP remain viable for approximately 1 year, whereas 
albumin is preserved for 5 years. The dose of plasma that is 
required to increase the albumin concentration of blood by 1 g/
dL is approximately 45 mL/kg, which makes its use in most 
hypoproteinemic animals cost-prohibitive. It is typically used 
to treat coagulopathies that arise from a congenital deficiency 
of clotting factors (e.g., von Willebrand disease or hemophilia). 
The dose is 10 to 20 mL/kg. Platelet-rich plasma and platelet 
concentrates are prepared from fresh whole blood by slow 
centrifugation. The platelets are then suspended in plasma for 
transfusion. Transfused platelets may be rapidly destroyed in 
patients with immune-mediated thrombocytopenia. Cryopre-
cipitate is a concentrated source of von Willebrand factor, factors 
XIII and VIII, and fibrinogen. It is primarily used to treat the 
corresponding clotting disorders (i.e., von Willebrand disease and  
hemophilia).

Whole blood transfusions are readily available in many 
practices. Whole blood should be serotyped to avoid allergic 
reactions in dogs and cats. Typing sera are available for six blood 
types in dogs (dog erythrocyte antigen [DEA] 1.1, 1.2, 3, 4, 5, 
7) and three in cats (A, B, AB). The most antigenic canine blood 
type appears to be DEA 1.1. A DEA 1.1-negative dog that has 
been previously sensitized with DEA 1.1-positive blood will 

formulation, preinfusion intravascular volume status, and 
microvascular permeability. After administration, albumin rapidly 
disappears from the intravascular space; however, synthetic 
colloids contain molecules that vary in molecular weight. Smaller 
molecules are rapidly excreted, whereas the larger molecules 
remain in the circulation and are gradually hydrolyzed or removed 
by the reticuloendothelial system. The benefits of colloid therapy 
include rapid volume expansion with low volume administration 
as compared with crystalloids. The calculated volume of required 
crystalloid therapy can be reduced by 40% to 60% when admin-
istered concurrently with synthetic or natural colloid to achieve 
the same anticipated outcomes. Disadvantages of colloid solutions 
include possible allergic reactions, possible renal impairment, 
interference with coagulation, and increased expense.

The artificial colloids used most frequently in the United 
States are hetastarch and dextran 70. The recommended dosage 
for both is 20 mL/kg per day (see Table 4.5). All the commonly 
used artificial colloids can cause abnormal coagulation when 
large doses are given, when they are given repeatedly, or when 
there is reduced intravascular degradation. These coagulopathies 
may be associated with a reduction in factor VIII and von Wil-
lebrand factor. The low-molecular-weight dextrans (e.g., dextran 
40) may be associated with acute renal failure and should not 
be used.

NOTE  Use colloids judiciously as studies have suggested that  
their use may be associated with increased risk of acute kidney 
injury or death.2

BOX 4.5  Consequences of Severe 
Hypoalbuminemia

Systemic organ dysfunction
Pulmonary edema
Poor and delayed wound healing
Gastrointestinal ileus
Interstitial edema
Hypercoagulability
Increased morbidity and mortality

Fresh-Frozen Plasma
Plasma (mL) = Desired recipient TS (g/dL) − Recipient TS (g/dL) × 50/
Donor TS (g/dL)

25% Human Serum Albumin (Diluted to 5%–10%)
Albumin deficit (g) = 10 × (Serum albumin desired − Serum albumin of 
patient) × Body weight (kg) × 0.3

TS, Total solids.

BOX 4.6  Calculation to Correct 
Hypoalbuminemia

?

Albumin has a molecular weight of approximately 69,000 Daltons 
and is most commonly given to small animal patients as stored 
plasma or FFP, stored whole blood, or fresh whole blood. Because 
it equilibrates with the interstitial space rapidly, relatively large 
volumes must be given to achieve a sustained rise in plasma 
colloid osmotic pressure (COP). Plasma can be administered at 
a rate of 4 to 6 mL/min in an acute hypovolemic crisis, whereas 
in normovolemic patients, plasma can be administered at 6 to 
22 mL/kg over a 24-hour period.

Human serum albumin (HSA) can be used for volume 
expansion but is more often utilized for treatment of severe 
hypoalbuminemia. Hypoalbuminemia is often a consequence 
of critical illness and is associated with increases in morbidity 
and mortality in both humans and dogs (Box 4.5). HSA has 
been shown to effectively increase serum albumin, total solids, 
and COP in critically ill dogs. However, administration of HSA 
is controversial as it has (rarely) been associated with serious 
adverse reactions, including death. There are variable data in 
the veterinary literature regarding the incidence of complications 
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the transfusion can often be continued at a slower rate. Short-
acting glucocorticoids (methylprednisolone succinate, 30 mg/
kg IV once; or dexamethasone sodium phosphate, 0.5–1 mg/kg 
IV once) and antihistamines (diphenhydramine, 2 mg/kg IV) 
can also be administered. Antihistamines are also often given 
prior to administration of blood or plasma products to help 
prevent mild reactions. More severe reactions should receive IV 
fluid therapy and be closely monitored and treated for signs of 
shock, disseminated intravascular coagulation, renal failure, and 
sepsis.

develop an acute hemolytic transfusion reaction after repeated 
transfusions of type DEA 1.1-positive blood, thus blood typing 
of blood donor and patient before the first transfusion is recom-
mended, or at least before a second transfusion if only DEA 
1.1-negative blood donors are used.

There is wide breed and geographic variation in the proportion 
of type B cats. It is thought that more than 99% of domestic 
cats in the United States are type A, but this number may be 
decreasing. The frequency of type B cats is markedly higher in 
Australia, Asia, and Europe. Cats develop naturally occurring 
antibodies against foreign blood types that result in premature 
destruction of transfused red cells, clinically severe transfusion 
reactions, and neonatal isoerythrolysis. Type B cats that are given 
type A blood typically develop a rapid, potentially fatal transfusion 
reaction following even a single transfusion of a small volume 
of blood. Type A cats given type B blood may develop a mild 
transfusion reaction that is often not clinically apparent; however, 
the PCV typically falls to pretransfusion levels within a few days 
of the transfusion. Type A and type AB kittens born to a type 
B queen receiving anti-A alloantibodies through the colostrum 
are at risk for developing isoerythrolysis during the first few 
days of life. Type AB is extremely rare in domestic cats, and 
blood from a type A donor is adequate. Cross-matching should 
be performed to detect antibodies in the plasma of the recipient 
or donor.

In a massive hemorrhage, blood may be given as rapidly as 
possible. In stable patients, starting with a low dose (i.e., 0.25 mL/
kg) to ascertain whether a transfusion reaction is likely is wise 
(see Table 4.5). If no adverse reaction is noted, the rate can be 
increased. A dosage of 4 mL/kg per hour has been recommended 
as the upper limit in patients with heart disease. The volume of 
whole blood or packed red blood cells necessary to elevate  
the patient’s PCV to the desired level (generally 25%–30% in 
dogs and 20% in cats) can be calculated using the formula in 
Box 4.1. Transfusion reactions may be acute or chronic. The 
incidence of transfusion reactions in dogs and cats has been 
reported as high as 15%, and this risk increases in untyped or 
unmatched recipient animals. Dogs with immune-mediated 
disease appear to be at increased risk. Transfusion reactions are 
classified as immunologic or nonimmunologic, and acute or 
delayed. Acute immunologic reactions include immune-mediated 
hemolysis, febrile nonhemolytic reactions, and hypersensitivity 
reactions. Nonimmunologic acute reactions include nonimmune-
mediated hemolysis, volume overload, hypocalcemia, air 
embolism, and bacterial contamination leading to sepsis. Delayed 
transfusion reaction is typically manifested as immune-mediated 
hemolysis 3 to 5 days posttransfusion. Premedication prior to 
blood transfusion with antihistamines or corticosteroids does 
not appear to reduce the risk of transfusion reactions.

If an acute reaction is suspected, the transfusion should 
immediately be discontinued. For mild reactions (fever, urticaria), 

NOTE  Hemoglobin-based, oxygen-carrying fluid or blood substitutes 
have been approved for use in dogs; however, the availability of 
such products has been inconsistent and unreliable for several years.

Intraoperative Fluid Therapy
Intraoperative fluid therapy must take into consideration the 
effects of anesthesia and surgery on fluid hemodynamics. A dosage 
rate of 10 to 15 mL/kg per hour of crystalloid fluids during 
surgery is generally recommended to offset hypotension and 
maintain perfusion during anesthesia. Lower rates (5 mL/kg per 
hour) may be adequate for healthy patients undergoing elective 
procedures. Prewarming fluids, especially for young or small 
patients, is recommended.

If blood losses exceed 10% of the blood volume in an animal 
with a normal PCV and TP, blood replacement during surgery 
is indicated. Although an awake animal may tolerate acute blood 
loss of up to 25% of their total blood volume, anesthetized animals 
are less tolerant of rapid blood loss. Blood loss during surgery 
should be calculated by counting blood-saturated sponges and 
cotton-tipped applicators and monitoring blood suctioned from 
the field. As a general rule of thumb, a blood-soaked sponge (4 
× 4) will contain 5 to 10 mL of blood, whereas a premoistened 
(with sterile saline) blood-soaked laparotomy sponge will contain 
up to 50 mL of blood. To estimate the amount of blood lost in 
aspirated fluids, the PCV of the aspirated fluid can be multiplied 
by the volume of fluid aspirated and this figure divided by the 
PCV of the patient.

SURGICAL SAFETY CHECKLISTS
In human medicine, a significant reduction in postoperative 
complications and mortality has been associated with the use 
of surgical safety checklists. Implementation of the use of 
checklists should be considered for veterinary hospitals as well, 
as one recent study found a significant decrease in the frequency 
and severity of postoperative complications. Fig. 4.6 is an example 
of a surgical checklist used at an academic veterinary teaching 
hospital.
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Veterinary Hospital: Surgical Safety Checklist

Date:

Clinician:

Patient label

Yes

Post-op analgesia

Confirm patient’s post-op 
destination
(circle all that apply)

Can patient have NSAIDS?

No

CCU          ICW         Radiology   

No

Yes

Yes:      -Labeled                      N/A

Nurse confirms with team:

Any equipment concerns?

(Lights, power equip., scopes, ETC.)

Purse string removal
reminder

Specimen(s) correctly:

-Archived

-Inked

Charges complete

Antibiotic prophylaxis with patient if 
needed?

Surgical prep site is confirmed with 
margins identified
        •  Graft sites included?
Patient positioning is
confirmed
Imaging displayed/set-up in
the O.R.? (circle all that apply)

Patient concerns: Infectious,
allergies, ETC.

RADS/CT/MRI      C-ARM       Tower/RIS

Yes N/A

All team members introduce
themselves and role
team confirms patient:

•  Identity
•  Procedure
•  Site

R        L        N/A

Confirm client notification
Surgeons: Inform team of 
anticipated complications
Anesthesia: Inform team how 
patient is doing anesthetically
      •  Crash cart, blood typed, ETC.
Nurse: Address concerns
within the O.R.

Have antibiotics been initiated?
Yes      N/A

Post-operative (BEG. closing)

Pre-operative (before incision)

Patient location: Anesthesia

Pre-operative continued

FIG. 4.6  Example of a surgical safety checklist. 
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Preparation of the Operative Site

5 

Endogenous microbial flora (especially Staphylococcus pseudin-
termedius) are the most common source of surgical site infection 
(SSI) in dogs.1 The term SSI is more appropriate than “surgical 
wound contaminant” because it includes infection that directly 
results from surgical procedures that involve other areas of the 
body, such as organs or internal spaces that are manipulated 
during the operation (see Box 9.1). Antisepsis is the prevention 
of sepsis by preventing or inhibiting the growth of resident and 
transient microbes.

Normal or resident organisms live in the skin’s superficial 
cornified layers and outer hair follicles. S. pseudintermedius can 
be cultured from the skin of most normal dogs and is the principal 
bacterial skin pathogen in this species. Staphylococci can cause 
a wide range of infections when the immune system becomes 
compromised or select comorbidities are present (i.e., renal failure, 
congestive heart failure, diabetes). Other transient pathogens in 
canine skin include Enterococcus spp., Klebsiella spp., Pasteurella 
spp., and Streptococcus spp. Reducing or eliminating exposure 
to this flora is extremely important during surgery. Although it 
is impossible to sterilize skin without impairing its natural 
protective function and interfering with wound healing, appropri-
ate preoperative preparation reduces the number of bacteria and 
the likelihood of infection.

The prevalence of SSI is a major concern because of the 
associated increased incidence of morbidity and mortality, length 
of hospitalization, and cost of care for postoperative patients. 
Although similar data are not available for veterinary hospitals, 
in 2007 it was estimated that direct medical costs to US hospitals 
of all hospital-acquired infections among hospital patients was 
between $28.4 and $45 billion.2 Preventive preoperative measures 
that can reduce the risk of SSI include administration of anti-
microbial prophylaxis (see Chapter 9) and proper utilization of 
skin antiseptic agents for the surgical team (see Chapter 6) and 
the patient. Among human patients with SSI who die in the 
postoperative period, death was directly related to SSI in over 
75% of cases3; thus it is imperative that veterinarians and their 
staff be proactive in preventing infection during surgery by using 
proper techniques and solutions to prepare the skin for surgery.

DIETARY RESTRICTIONS
In adult animals, food intake is generally restricted 8 to 12 hours 
before induction of anesthesia to avoid intraoperative or post-
operative emesis and aspiration pneumonia. Shorter periods may 
be recommended in some small breed dogs to prevent hypo-
glycemia. Access to water generally is not generally curtailed. 
Operations of the large intestine (see Chapter 18) often require 
specialized preparations (e.g., dietary restriction for 48 hours) 
and/or enteric antibiotics (e.g., oral kanamycin, neomycin, 
penicillin G, metronidazole). Food should not be withheld from 

young animals for longer than 4 to 6 hours because hypoglycemia 
may occur.

EXCRETIONS
The animal should be allowed to defecate and urinate shortly 
before induction of anesthesia. Colonic surgery may require 
enemas (see Chapter 18). An empty urinary bladder often 
facilitates abdominal procedures. If urine is not evacuated natu-
rally, the bladder may be manually expressed with the animal 
under general anesthesia, or a sterile urethral catheter may be 
passed into the bladder.

TREATMENT OF HAIR
Before a patient is prepared for surgery, the patient’s identity, 
surgical procedure to be performed, and surgical site should be 
verified (see preoperative checklist; Fig. 4.6). In some cases, 
bathing the animal the day before surgery to remove loose  
hair, debris, and external parasites may be warranted. Whenever 
possible, infection remote to the surgical site should be  
identified and treated before an elective operation is performed. 
Elective procedures should be postponed until the infection has 
resolved.

Hair should be removed as close to the time of surgery as 
possible, and hair removal should always occur outside the room 
where the surgical procedure will be performed (e.g., in the prep 
room). Removal of hair the night before surgery is associated 
with a significantly higher superficial skin infection rate than 
removing the hair immediately before surgery. The surgical 
site should be identified, and hair should be liberally clipped 
around the proposed incision site so that the incision can be 
extended within a sterile field (Fig. 5.1). The prepared area should 
be large enough to accommodate extension of the incision, 
additional incisions (if needed), and all possible drain sites. It 
must also be large enough that inadvertent wound contamination 
is avoided if the drapes move during the procedure. A general 
guideline is to clip at least 20 cm on each side of the incision. 
The hair can be removed most effectively with an electric clipper 
and a No. 40 clipper blade. Patients with dense hair coats may 
be clipped first with a coarser blade (No. 10); the higher the 
blade number, the shorter the remaining hair. Clippers should 
be held in a “pencil grip,” and initial clipping should be done 
with the hair growth pattern. Subsequent clipping should be 
against the pattern of hair growth to obtain a closer clip. Depila-
tory creams are less traumatic than other hair removal methods, 
but they induce a mild dermal lymphocytic reaction. They are 
most useful in irregular areas where adequate hair removal is 
difficult. Razors are occasionally used for hair removal (e.g., 
around the eye) but can cause microlacerations in skin that may 



36.e1CHAPTER 5  Preparation of the Operative Site

ABSTRACT
Proper preparation of the surgical patient is vital to reduce the 
incidence of surgical site infections. One-step alcohol-based 
solutions may be more cost effective than using surgical sponges 
once all costs, including pack preparation, are considered. 
Chlorhexidine solutions appear to be more effective than 
povidone-iodine solutions when used for surgical skin 
preparation.
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Before the animal is transported to the surgical suite, the 
incision site is given a general cleansing scrub, and ophthalmic 
antibiotic ointments or lubricants are placed on the cornea and 
conjunctiva. Studies suggest that using clean, rather than sterile, 
supplies for this initial cleansing prep does not influence the 
infection rate if the skin is intact. Lesions, eruptions, abrasions, 
irritations, rashes, dermatitis, burns, denuded or traumatized 
areas, or other similar medical conditions that could provide a 
portal of entry for a pathogen should not be present. In male 
dogs undergoing abdominal procedures, the prepuce should be 
flushed with an antiseptic solution (Fig. 5.3). The skin is scrubbed 
with germicidal soaps to remove debris and reduce bacterial 
populations. The area is lathered well until all dirt and oils have 
been removed. This is a generous scrub that often encompasses 
the hair surrounding the operation site to remove unattached 
hairs and dander that may be disturbed during draping.

Commonly used scrubbing solutions include iodophors, 
chlorhexidine gluconate (CHG), alcohols, hexachlorophene, and 
quaternary ammonium salts. Alcohol is not effective against 
spores but produces a fast kill of bacteria and acts as a defatting 
agent. Using alcohol by itself is not recommended, but it is 
commonly used in conjunction with CHG or povidone-iodine 
(PVI; see later). Hexachlorophene and quaternary ammonium 
salts are less effective than other available agents and are no 
longer recommended for preoperative skin preparation. It is 
important to avoid abrading the skin by excessive scrubbing 
with gauze sponges.

POSITIONING
Before sterile application of the epidermal germicide, the animal 
is moved to the operating room, positioned so the operative site 
is accessible to the surgeon, and secured with ropes, sandbags, 
troughs, tape, or vacuum-activated positioning devices. When 
these restraints are applied, interference with respiratory function 
and peripheral circulation, as well as the musculature and its 
innervation, must be avoided. Monitoring devices should be 
connected or the connections rechecked after the patient is 
positioned. Warm-air circulating devices (e.g., Bair Hugger, Hot 
Dog Patient Warming System, Darvall Vet Cocoon), water circulat-
ing systems, or electric warming pads (see Chapter 3) are placed 
adjacent to or over the patient, depending on the site of the 
surgical incision. If electrocautery is to be used, the ground plate 
should be positioned under the patient. If a hanging-leg prepara-
tion is to be done, the limb should be carefully suspended with 
tape from an IV pole.

increase irritation and promote infection. After hair removal is 
complete, loose hair is removed with a vacuum.

For limb procedures in which exposure of the paw is unneces-
sary, the paw can be excluded from the surgical area by placing 
a latex glove over the distal extremity and securing it to the limb 
with tape (Fig. 5.2). The glove should be covered with tape or 
self-adherent bandaging tape (e.g., Vetrap, COHERE, Coban). 
The foot is then “draped out” of the sterile field (see later). To 
enhance manipulation of limbs during surgery, a hanging-leg 
preparation may be done. The limb is circumferentially clipped 
and then is hung from an intravenous (IV) pole during prepping 
to allow all sides to be scrubbed.

FIG. 5.1  Liberally clip hair around the proposed incision site so 
the incision can be extended within a sterile field. In male dogs, 
be sure to clip the prepuce. 

FIG. 5.2  For limb procedures that do not require exposure of 
the paw, exclude the paw from the surgical area by placing a 
latex glove over the distal extremity and securing it to the limb 
with tape. Wrap the glove with tape or Vetrap. 

FIG. 5.3  Flush the prepuce of male dogs with antiseptic solution 
before performing the sterile preparation. 
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supports the hypothesis that CHG is more efficient than other 
antiseptics in reducing SSI rates was published in 2016.6 The 
authors conducted a systematic review from 2000–14 in all 
languages. The primary end point was SSI incidence and secondary 
skin bacterial colonization. The authors concluded that there is 
moderate-quality evidence supporting the use of CHG for 
preoperative skin antisepsis and high-quality evidence that the 
use of CHG is associated with fewer positive skin cultures. 
CHG-alcohol is also recommended by the Centers for Disease 
Control and Prevention as the antiseptic of choice to reduce 
vascular catheter–associated bloodstream infection. If CHG (see 
Table 5.1) is the preparation solution, it remains in contact with 
the skin at the end of the preparation procedure or may be 
rinsed with saline. Because CHG binds to keratin, contact time 
is less critical than with PVI. Two 30-second applications have 
been advocated as adequate for antimicrobial activity.

When PVI (see Table 5.1) and alcohol are used, the site is 
typically scrubbed alternately with each solution three times to 
allow 5 minutes of contact time; however, using alcohol (isopropyl 
alcohol) between PVI scrubs reduces the contact time of PVI 
with skin and may diminish its efficacy; thus this is not recom-
mended. Excess solution on the table or in body “pockets” should 
be blotted with a sterile towel or sponges. When the final PVI 
scrub is finished, a 10% PVI solution should be sprayed or painted 
on the operative site (Fig. 5.4).

One-Step Alcohol-Based Solutions 
Using one-step alcohol-based solution (e.g., ACTIPREP, ChloraPrep, 
DuraPrep), apply the solution with a sterile applicator, working 

STERILE SKIN PREPARATION
The purposes of the preoperative skin preparation are to (1) 
remove soil and transient microorganisms from the skin, (2) 
reduce the resident microbial count to subpathogenic levels in 
a short time and with the least amount of tissue irritation, and 
(3) inhibit rapid rebound growth of microorganisms. “Sterile” 
preparation begins after positioning of the animal has been 
completed. For some solutions, gauze sponges are sterilized in 
a pack, along with bowls into which the germicides can be poured. 
Newer solutions that are prepackaged with an applicator do not 
require sponges and may be more economical (see later). Handle 
sponges with sterile sponge forceps or a gloved hand using aseptic 
technique. Use your dominant hand to perform the sterile prepara-
tion and your less dominant hand to retrieve sponges from the 
preparation bowl. Transferring sterile sponges to the dominant 
hand before scrubbing the animal helps ensure that the hand 
picking up the sponges is not contaminated during the procedure. 
Begin scrubbing at the incision site, usually near the center of the 
clipped area. Use a linear or circular scrubbing motion, moving 
from the center to the periphery. Do not return sponges from the 
periphery to the center because bacteria could be transferred onto 
the incision site; discard sponges after reaching the periphery.

NOTE  Using concentric circles, rather than a horizontal or linear 
preparation, has not been shown to reduce surgical site infection.4

BOX 5.1  Characteristics of an Ideal 
Preoperative Antiseptic
•	 Kill all bacteria, fungi, viruses, protozoa, tubercle bacilli, and spores
•	 Be hypoallergenic
•	 Be nontoxic
•	 Have residual activity
•	 Not be absorbed
•	 Be nontoxic and be able to be used repeatedly safely
•	 Be safe to use on all parts of the body and in all body systems

TABLE 5.1  Properties of Antiseptics Used for Preoperative Skin Preparation
Antiseptic Mode of Action Activity Examples

Iodine/iodophors 
(PVI)

Penetration of the cell wall and oxidation 
and replacement of intracellular molecules 
with free iodine. Iodophors are solutions 
of iodine with a surfactant or stabilizing 
agent that liberates free iodine

Wide range of bacteria, tubercle 
bacilli, and some spores (e.g., 
Clostridia); activity is greatly reduced 
by the presence of organic material 
(pus and exudates)

10% PVI: Betadine

Alcohol (IPA) Rapidly denatures bacterial cell wall proteins 
and biomolecules (DNA, RNA, lipids)

Wide range of bacteria, tubercle 
bacilli, and many fungi and viruses

70% isopropyl alcohol

CHG Disrupts cell membrane and precipitates 
cellular contents

Wide range of bacteria; more effective 
against gram-positive bacteria than 
gram-negative bacteria; minimal 
activity against tubercle bacteria, 
Mycobacterium spp., and fungi

4% CHG: Hibiclens, Betasept
2% CHG: Nolvasan

Alcohol-based 
solutions

Combination of previously listed modes of 
action

Broad spectrum of activity due to the 
combination of several antiseptics 
with different modes of action

2% CHG + 70% IPA: ChloraPrep
83% ethanol + zinc pyrithione: 

Actiprep
PVI (0.7% available iodine) + 

74% IPA: DuraPrep

CHG, Chlorhexidine gluconate; IPA, isopropyl alcohol; PVI, povidone-iodine.

Characteristics of an ideal preoperative antiseptic are provided 
in Box 5.1. Alcohol-based solutions that require shorter prep 
times than aqueous-based solutions (e.g., PVI, CHG) are now 
commonly used in human medicine, and their use is increasing 
in veterinary medicine. These newer solutions, which typically 
combine alcohol with PVI, CHG, or zinc pyrithione, appear to 
have better antimicrobial activity than PVI, CHG, or alcohol 
alone and provide a more persistent reduction in the baseline 
number of bacteria (Table 5.1). In humans, evidence suggests 
that CHG is a more effective skin preparation agent than PVI.4–6 
A meta-analysis conducted to verify whether recent evidence 
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FIG. 5.4  If using povidone-iodine, spray or paint a 10% solution 
on the operative site after preparation has been completed. 

B

A

FIG. 5.5  (A) A one-step alcohol-based solution such as ChloraPrep 
is applied with a sterile applicator, working from the center 
outward. Once a uniform application has been applied, the surgical 
site is allowed to dry for approximately 2 to 3 minutes before 
draping or use of an electrosurgical unit. Rinsing and repeated 
applications are not necessary. (B) The solution comes in 10.5 
and 26 mL applicators for skin preparation. 

NOTE  One-step alcohol-based solutions such as ChloraPrep are 
more effective than PVI, CHG, or alcohol alone. They may be cheaper 
to use when all costs (e.g., prep pack sterilization) are taken into 
consideration.

NOTE  Prevent pooling of alcohol or alcohol-based solutions, par-
ticularly if electrocautery is being used, as these solutions are 
flammable. Do not drape until the solution is thoroughly dried.

FIG. 5.6  If an abdominal incision extends to the pubis in male 
dogs, clamp the prepuce to one side with a sterile towel clamp. 

FIG. 5.7  Secure field drapes at the corners with sterile Backhaus 
towel clamps. The tips of the towel clamps are considered 
nonsterile once they have been placed through the skin and 
should be handled appropriately. 

from the center outward (Fig. 5.5). Once a uniform application 
has been applied, allow the surgical site to dry for approximately 
2 to 3 minutes before draping or using an electrosurgical unit.

DRAPING

Once the patient has been positioned and the skin prepared, the 
animal is ready to be draped. If electrocautery is to be used, 
sufficient time should elapse between skin preparation and the 
application of drapes to permit complete evaporation of flam-
mable substances (e.g., alcohol, defatting agents) from the skin. 
If an abdominal incision extends to the pubis in male dogs, the 
prepuce should be clamped to one side with a sterile towel clamp 
(Fig. 5.6). The purpose of drapes is to create and maintain a 
sterile field around the operative site. Draping is performed by 
a gowned and gloved surgical team member and begins with 
placement of field drapes (quarter drapes) to isolate the unpre-
pared portion of the animal. These towels should be placed one 
at a time at the periphery of the prepared area. Field drapes may 
be huck towels or disposable, nonabsorbent towels. Drapes should 
not be flipped, fanned, or shaken because rapid movement of 
drapes creates air currents on which dust, lint, and droplet nuclei 
can migrate. Drapes, supplies, and equipment that extend over 
or drop below table level should be considered nonsterile because 
they are not within the visual field of the surgeon and their 
sterility cannot be verified.

Once the towels have been placed, they should not be read-
justed toward the incision site because this carries bacteria onto 
the prepared skin. Towels are secured at the corners with sterile 
Backhaus towel clamps (Fig. 5.7). The tips of the towel clamps, 
once placed through the skin, are considered nonsterile and 
should be handled appropriately. Generally, field towels do not 
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The World Health Organization (WHO) Global Guidelines 
for the Prevention of Surgical Site Infection recently suggested 
that antimicrobial sealants, such as plastic adhesive drapes with 
or without antimicrobial properties, not be recommended for 
the purpose of preventing SSI.5 To reduce skin exposure and 
subsequent contamination during surgery, additional skin 
draping, or “toweling-in,” is sometimes performed after the skin 
incision has been made, but its value is debatable. Wound protec-
tor devices consist of a semirigid plastic ring placed into the 
abdomen through the laparotomy wound to which an impervious 
drape is circumferentially attached. This plastic drape comes up 
and out of the wound on to the skin surface, thus protecting 
the cut edges of the wound. Wound protection devices may be 
of benefit in clean-contaminated, contaminated, and dirty 
abdominal surgical procedures for the purpose of reducing the 
rate of SSI, but their value has not been established and is 
controversial.5,7

After the animal and nearby nonsterile surfaces have been 
covered with sterile drapes, the instrument tray can be arranged, 
and surgery can begin.

OTHER CONSIDERATIONS TO REDUCE THE 
INCIDENCE OF SURGICAL SITE INFECTION
Additional recommendations made in the latest report of the 
WHO guidelines for the prevention of SSI include (1) providing 
enhanced nutritional support (oral or enteral multiple nutrient–
enhanced nutritional formulas) in underweight patients who 

cover the edges of the table, and care should be taken not to 
brush a sterile gown against this nonsterile field. Once the animal 
and the incision site are protected by field drapes, final draping 
can be performed (Fig. 5.8). A large drape is placed over the 
animal and the entire surgical table to provide a continuous 
sterile field. Cloth drapes should have an opening of appropriate 
size and position that can be placed over the incision site while 
the drape covers the remaining surfaces.

To drape a limb, field drapes should be placed and secured 
as described previously to isolate the surgical site or the proximal 
aspect of the limb if the leg is hung (Fig. 5.9 and Video 5.1). 
The unprepared area of the limb is held by a nonsterile member 
of the surgical team, and the tape holding the elevated limb is 
cut. The limb is presented to the sterile surgical member, so it 
may be taken with a hand in a sterile stockinette or towel. The 
limb should not be turned loose until it is securely held by the 
sterile surgical team member. If a stockinette is used, it should 
be carefully unrolled down the limb and secured with towel  
clamps. If a sterile towel is used, the limb should be carefully 
wrapped with the towel before it is secured to the skin with a 
towel clamp. Water-impermeable (disposable) towels (plus the 
towel clamp) should then be covered with sterile Kling. If a  
cloth towel is used, it (and the towel clamp) should be covered 
with sterile Vetrap. The limb is now ready to be placed  
through a fenestration of a lap or fanfold drape and the  
drape secured (Fig. 5.10). The end of the stockinette is wrapped 
with a self-adherent cohesive bandage material (e.g., Vetrap, 
COHERE, Coban).

FIG. 5.8  If the drape does not have a fenestration, cut one to 
the appropriate size. The edges of the drape can be secured to 
the field drapes with Allis tissue forceps (not towel clamps). Do 
not put holes through the outer drape. 

FIG. 5.9  When performing a hanging-leg preparation, place field 
drapes around the limb and secure them with towel clamps. 

FIG. 5.10  The limb is placed through a fenestration of a lap or 
fanfold drape, and the drape is secured. A plastic adhesive drape 
has been applied to the skin and surrounding drapes. 
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undergo major surgical operations (see Chapter 10), (2) periopera-
tive oxygenation (see later and Chapter 4), (3) maintenance of 
normal body temperature (see Chapter 3), (4) use of protocols 
for intensive perioperative blood glucose control in both diabetic 
and nondiabetic patients, and (5) maintenance of adequate 
circulating volume control/normovolemia (see Chapter 12).5 
They noted that a moderate quality of evidence shows that 
providing a high fraction of inspired oxygen (FiO2; 80%) is 
beneficial in patients undergoing procedures under general 
anesthesia with endotracheal intubation and results in a significant 
decrease of the risk of SSI compared with 30% to 35% FiO2. As 
a result, the panel unanimously agreed to recommend that patients 
undergoing surgical procedures under general anesthesia should 
receive 80% FiO2 intraoperatively and in the immediate postopera-
tive period for 2 to 6 hours, if feasible. The panel unanimously 
agreed that warming devices should be used to avoid patient 
hypothermia in the operating room and during the surgical 
procedure to reduce the risk of SSI and, more importantly, other 
complications associated with surgery such as a decrease in 
myocardial events, blood loss, and transfusion requirements. 
The panel suggested that immunosuppressive agents not be 
discontinued perioperatively for the purpose of reducing SSI.
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Although most surgical site infections (SSIs) are caused by the 
patient’s endogenous flora, operating room (OR) personnel are 
also an important source of bacterial contamination.1 Although 
careful preparation of the surgical team and nonsterile personnel 
is important to reduce the number of bacteria in the surgical 
suite, it does not eliminate them. It is estimated that individuals 
shed approximately 1 million microorganisms from their bodies 
each day,2 and a correlation has been noted between the number 
of people, their movements, and the number of airborne bacteria 
in a surgical suite. Therefore surgical room personnel should be 
reduced to only those essential for anesthesia or surgical support. 
To minimize contamination during surgery, strict guidelines 
should be followed regarding surgical attire for all surgical room 
personnel, including observers, and guidelines for performing 
surgical scrubs and preps (see Chapter 5) should be closely 
followed.

SURGICAL ATTIRE
Although there have been drastic improvements in the arena of 
SSI prevention over the last century, evidence supporting many 
current wardrobe and aseptic environment practices in the OR 
continues to be limited. Nonetheless, current recommendations 
suggest that all those entering the OR suite should be appropriately 
clothed, regardless of whether surgery is in progress or not. 
Surgical attire includes scrub suits, hair coverings, masks, footwear 
and shoe covers, gowns, and gloves.

Scrub Suits, Jackets, and Laboratory Coats
To minimize microbial contamination from OR personnel, scrub 
suits rather than street clothes should be worn in the operating 
suite. With two-piece pant suits, loose-fitting tops should be tucked 
into the trousers. Tunic tops that fit close to the body may be 
worn outside the trousers. The sleeves of the top should be short 
enough to allow the hands and arms to be scrubbed. Pants should 
have an elastic waist or drawstring closure. Scrub clothes should 
be laundered between wearings and changed if they become visibly 
soiled or wet to prevent transfer of microorganisms to the surgical 
environment. Wearing scrub clothes outside the surgical environ-
ment increases microbial contamination. In human hospitals, 
evidence does not support wearing cover apparel (e.g., laboratory 
coats) to protect scrub attire from contamination; in fact, there 
is evidence that in these settings laboratory coats worn as cover 
apparel can be contaminated with large numbers of pathogenic 
microorganisms, leading to contamination of scrub suits.3 However, 
the large amount of loose hair present in veterinary hospitals 
makes cover attire more likely to be beneficial rather than detri-
mental, as long as it is laundered daily.

Nonscrubbed personnel should wear long-sleeved jackets 
over their scrub clothes because opening sterile supplies onto 

the sterile field without wearing a long-sleeved jacket may 
allow skin squames from the perioperative team member’s bare 
arms to drop onto the sterile field and increase the risk for an 
SSI.3 Jackets should be worn buttoned or snapped closed to 
minimize risk of the edges inadvertently contaminating sterile  
surfaces.

Hair Coverings
Hair is a significant carrier of bacteria and, when left uncovered, 
may act as a filter and collect bacteria. Although the evidence 
for wearing a head covering is weak, complete coverage of 
the hair is recommended. Caps should completely cover all 
hair, and sideburns and beards require hoods for complete 
coverage (Fig. 6.1). Skullcaps that do not cover the side 
hair above the ears and the hair at the nape of the neck are  
inappropriate.

Footwear and Shoe Covers
Any footwear that is comfortable can be worn in the surgery 
area. Using dedicated shoes in the operating theatre is a sensible 
practice that may reduce spreading hair and other contaminants 
from the prep room to the OR. If dedicated shoes are not used, 
shoe covers should be provided. Shoe covers are generally 
made of disposable materials that are water repellent and tear 
resistant. Although the value of shoe covers is debatable in 
human ORs, most veterinary facilities recommend that they be 
donned when first entering the surgical area and worn when 
leaving it to keep shoes clean. New shoe covers should be 
donned upon returning to the surgical area. Because of the 
abundance of animal hair in veterinary hospitals, changing shoe 
covers immediately before entry into the surgical theater may 
decrease the amount of hair tracked into the OR by surgical room  
personnel.

Masks
Masks constructed from lint-free material containing a hydrophilic 
filter web sandwiched between two outer layers should be worn 
whenever entering a sterile area. Their major function is to filter 
and contain droplets of microorganisms expelled from the mouth 
and nasopharynx during talking, sneezing, and coughing. Masks 
must be fitted over the mouth and nose and must be secured in 
a manner that prevents venting. The dorsal aspect of the mask 
is secured by shaping the reinforcing top edge tightly around  
the nose.

Surgical Gowns
Factors to consider when purchasing surgical gowns and drape 
products are that they must provide a barrier to contamination 
and should be resistant to tears, punctures, and abrasions. The 
barrier properties of the critical zone of the gown or drape are 
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ABSTRACT
The most important advances in surgical hand asepsis in the 
past decade include no longer using scrub brushes, the introduc-
tion of alchohol rubs, and a reduction in the duration of the 
prep. These advances have been slow to be adopted by veterinary 
practitioners, but doing so will save both time and money and 
should reduce the number of surgical site infections seen in 
veterinary patients.
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layers. The purpose of the spunbond layer closest to the skin is 
primarily to keep the surgeon cool and maintain a highly breathable 
environment. The outer layer of spunbonded material is to give 
the gown tensile strength to prevent ripping or tearing.6

Surgical Gloves
Relying on gloves alone (without a surgical scrub) to prevent 
microbial contamination is not recommended because many 
surgical gloves have holes at the completion of surgery, and 
punctured gloves may increase the risk of SSIs, particularly when 
prophylactic antibiotics have not been administered (see Chapter 
9). In human surgeries it has been noted that approximately 
20% of gloves have tiny punctures after surgery, the majority of 
which go unnoticed by the surgeon. Although few studies have 
been done in veterinary medicine, one prospective study in small 
animal surgical procedures found that of 78 gloves sampled at 
the end of surgery from 39 procedures, bacterial contamination 
was present in 21% of gloves from 31% of the surgeries.10 This 
study found no difference related to the left- or right-hand glove, 
surgical time, dominant hand, surgery type (orthopedic, soft 
tissue, neurologic), or surgical wound classification on the 
incidence of contamination. A prospective, randomized controlled 
trial designed to determine whether use of colored indicator 
gloves affects perforation detection rate and to identify risk factors 
for glove perforation during veterinary orthopedic surgery was 
recently reported.11 In this study of 574 double pairs of gloves 
worn during 300 orthopedic surgical procedures (2296 gloves), 
perforations occurred during 43% of surgeries, with a mean of 
2.3 holes per surgery. Inner gloves were intact in 63% of glove 
pairs where an outer perforation occurred. Intraoperative perfora-
tion detection was improved when colored indicator gloves were 
worn (83% sensitivity) versus standard gloves (34% sensitivity). 
Independent risk factors for perforation were placement of plates 
and/or screws, placement of an external skeletal fixator, use of 
orthopedic wire, and primary surgeon being board certified. 
However, the cost benefit of wearing an indicator glove versus 
double gloving is questionable.

labeled by the manufacturer as level 1, 2, 3, or 4, with 4 being 
the most protective. The critical zone is the area where direct 
contact with blood, body fluids, or other potentially infectious 
materials is most likely to occur. The type of procedure (entering 
a body cavity vs. a superficial mass removal), duration of the 
procedure, potential for splash or soaking of the gown, and how 
likely contamination is to occur based on the individual’s role 
in the surgery (surgeon, anesthetist, etc.) should also be considered 
when choosing gowns and drapes.

Surgical gowns may be reusable and made of woven materials 
(usually cotton), or they may be disposable. Which to use is 
largely due to individual choice because there is little consensus 
on which is better. Primary considerations include environmental 
concerns and cost.4 One study found that the number of micro-
organisms isolated from the surgical environment was lower 
when disposable, nonwoven materials were used, resulting in 
lower rates of contamination in the OR.5 These authors recom-
mended that disposable paper gowns be used for all surgical 
cases, especially those involving implants, because of the 
heightened risk of infection with reusable gowns.

Reusable gowns are made by a number of companies and, 
depending on the manufacturer, may be of variable thickness 
and may have extra paneling added to the abdominal and arm 
regions for added protection. These different gowns have different 
levels of performance (level 1 to 4; see earlier) depending on 
the type of surgery for which they will be used. The more 
expensive gowns often can be laundered more frequently than 
those that are less expensive, without impairing the barrier 
function.

Disposable gowns are meant to be used during one surgery 
and then thrown away. They are nonwoven and are made by a 
nonwoven technique from fibers such as polypropylene and 
polyester.6 Most manufacturers of disposable gowns and drapes 
(e.g., Medline Industries, 3M, Precision Fabrics Group, Kimberly 
Clark) use a technique known as SMS, which stands for spunbond, 
meltblown, spunbond.7–9 In some cases the SMS process can include 
more than one meltblown layer between the outer spunbond 

FIG. 6.1  Facial hair and sideburns should be covered with a 
hood. 

NOTE  Given the high rate of glove defects, you may wish to double 
glove and periodically change the outer glove or remove it during 
key points such as handling of an implant (e.g., in total hip replacement 
surgeries) or during laparotomies in animals at high risk of infection 
(i.e., immunocompromised, diabetic, or cushingoid animals).

SURGICAL SCRUB
All sterile surgical team members should perform a hand and 
arm scrub before entering the surgical suite. In 1840, a Hungarian 
obstetrician, Ignaz Philipp Semmelweis, discovered that antiseptic 
hand washing could reduce patient deaths from pathogens 
transmitted by hands. He reduced the maternal mortality rate 
from puerperal fever by approximately 90% over a 3-year period 
by initiating hand washing before touching hospital patients. 
Hand antisepsis was further advocated by Joseph Lister, Professor 
of Surgery at the Glasgow Royal Infirmary, in 1860 to promote 
asepsis and reduce SSI. Lister initiated the first known disinfection 
program in which the clinical environment and all equipment 
were cleaned with carbolic acid. Additionally, the surgical team 
was asked to wash their hands in a solution of 5% carbolic acid 
before undertaking surgery.
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growth related to wearing freshly applied nail polish; however, 
nail polish that is obviously chipped or has been worn longer 
than 4 days is associated with the presence of greater numbers 
of bacteria and has been associated with infection. Artificial nails 
(e.g., bondings, tips, wrappings, tapes) should not be worn. A 
higher number of gram-negative microorganisms have been 
cultured from the fingertips of personnel wearing artificial nails 
than from personnel with natural nails, both before and after 
hand washing. Fungal growth between artificial nails and the 
natural nail has also been reported and can contaminate the 
surgical wound. Hands and forearms should be free of open 
lesions and breaks in skin integrity because skin infection may 
contaminate surgical wounds.

Once the scrub has been started, nonsterile items cannot be 
handled. If the hands or arms are inadvertently touched by a 
nonsterile object (including surgical personnel), the scrub should 
be repeated. During and after scrubbing procedures, the hands 
should be kept higher than the elbows. This allows water and 
soap to flow from the cleanest area (hands) to a less clean area 
(elbows).

When the scrub has been completed, the hands and arms 
should be dried with a sterile towel. Pick up the sterile towel from 
the table, taking care not to drip water on the gown beneath it, 
and step back from the sterile table. Hold the towel lengthwise and, 
using a blotting motion, dry one hand and arm, working from 
hand to elbow with one end of the towel (Fig. 6.3). Bend over at 
the waist when drying the arms so that the end of the towel does 
not brush against your scrub suit. Once the hand and arm are dry, 
bring the dry hand to the opposite end of the towel. Dry the other 
hand and arm in a similar manner. Drop the towel into the proper 
receptacle or onto the floor if a receptacle has not been provided. 
Do not lower your hands below waist level.

Scrub Solutions
Antimicrobial soaps and detergents used for scrubbing should 
be rapid acting, broad spectrum, and nonirritating and should 
inhibit rapid rebound microbial growth. Some hand scrubs can 
bind with the stratum corneum, resulting in residual activity. 
Because bacteria proliferate under gloves, particularly if the 
gloves are damaged during surgery, persistent chemical activity 
is desirable. Aqueous scrubs and alcohol rubs are the two most 
common forms of hand antisepsis. The former are water-based 
solutions that contain antiseptic agents such as chlorhexidine or 
povidone-iodine. Scrubbing involves wetting the hands and arms 
and then using either a brush or a sponge following a specific 
protocol (i.e., either timed or anatomic; see later). The most 
commonly used surgical scrub solutions in veterinary medicine are 
alcohol, chlorhexidine gluconate (Hibiclens, Betasept), povidone-
iodine (Betadine), and hexachlorophene (Phisohex) (Table 6.1). 
Alcohol solutions, on the other hand, contain active ingredients 
(typically alcohol plus chlorhexidine, povidone-iodine, or other 
antiseptic agents) and are rubbed on the hands and forearms 
without using a brush or sponge (Video 6.1).

Alcohol rubs, which do not require rinsing, were first intro-
duced around the late 1990s as an alternative to traditional 
aqueous-based antiseptic solutions. Alcohol-based solutions may 
be categorized as alcohol-based waterless (ABWL) or alcohol-based 
water-aided (ABWA). ABWL are often preferred over other 
products because they are easy to use and have few side effects. 
The new brushless solutions generally have a very rapid killing 
effect and require a shortened contact time compared with 
traditional povidone-iodine or chlorhexidine solutions (see later). 

The objectives of a surgical scrub include mechanical removal 
of dirt and oil, reduction of the transient bacterial population 
(i.e., bacteria deposited from the environment), and residual 
depression of the skin’s resident bacterial population (i.e., bacteria 
persistently isolated from the skin) during the procedure.  
Rapid multiplication of skin bacteria occurs under surgical gloves 
if hands are washed with a nonantimicrobial soap, whereas it 
occurs more slowly following preoperative scrubbing with a 
medicated soap.

Scrub Technique
Three main developments in surgical hand antisepsis have 
occurred in the past decade. These include (1) no longer 
using scrub brushes (rubbing vs. scrubbing) (Fig. 6.2), (2) the 
introduction of alcohol rubs (Box 6.1), and (3) a reduction in 
the duration of the prep. In veterinary schools, instructions for 
surgical hand antisepsis have, until recently, included scrubbing 
the hands and arms with a brush. This practice is no longer 
recommended because studies have determined that scrubbing 
with a brush results in skin damage and increased bacterial 
counts. Scrubbing with a brush has been demonstrated to remove 
epidermal layers, increase shedding of bacterial squamous cells, 
increase (not decrease) microbial counts, and change microbial 
flora. Thus most experts agree that the time-honored con-
vention of vigorously scrubbing off the uppermost layers of 
skin with a brush is not only unnecessary, but also unwise. 
A recent review of eight peer-reviewed, randomized controlled 
trials and two nonrandomized controlled trials from 1990 to 
2015 compared traditional hand scrubbing with chlorhexidine 
gluconate or povidone-iodine against alcohol-based hand 
rubbing, scrubbing with a brush versus without a brush, and 
detergent-based antiseptics alone versus antiseptics incorporat-
ing alcohol solutions.12 Evidence showed that hand rubbing 
techniques are as effective as traditional scrubbing and seem 
to be better tolerated. Hand rubbing appears to cause less skin 
damage than traditional scrub protocols, and scrub personnel 
tolerated brushless techniques better than scrubbing with a brush. 
Despite such evidence, veterinarians have been slow to adopt these  
practices.13

Before scrubbing, all items of jewelry (including watches) 
should be removed from the hands and forearms because they 
are reservoirs for bacteria. Fingernails should be kept short, clean, 
natural, and healthy. Studies have shown no increase in microbial 

BOX 6.1  Surgical Hand Antisepsis/ 
Hand Rub With an Alcohol-Based Surgical 
Hand Ruba

A standardized protocol for alcohol-based surgical hand rubs should follow 
the manufacturer’s written instructions and should include, but may not 
be limited to, the following:
1.	Wash hands and forearms with soap and water if they are visibly 

soiled or contaminated with blood or saliva. Dry thoroughly.
2.	Dispense the manufacturer-recommended amount of the surgical hand 

rub product. Apply the product to the hands and forearms, following 
the manufacturer’s written instructions. Some manufacturers may 
require the use of water as part of the process.

3.	Rub thoroughly until dry if using a waterless solution.
4.	Repeat the product application process if indicated in the manufacturer’s 

written instructions.

aData from Recommended practices for surgical hand antisepsis/hand scrubs. In: 
Standards, Recommended Practices, and Guidelines. Denver: AORN; 2009.
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FIG. 6.2  Use of a brushless surgical scrub solution. (A) If desired, clean under your fingernails 
with a nail pick. (Note: Nail picks have not been found to decrease bacterial numbers.) (B) Wet 
your hands and arms. (C) Dispense the appropriate amount of solution (e.g., Triseptin, 1/4 oz) 
into the palm of your hand by depressing the foot pump. (D) Insert and twist the fingertips of 
your opposite hand into the solution for several seconds. Transfer the solution to your opposite 
hand and repeat this step with the fingers of your other hand. (E) Rub your hands together, 
moving up the forearms to slightly past the elbows. (F) Add water throughout the wash to create 
additional lather. (G) Rinse thoroughly and repeat steps B through F. Stop below the elbows on 
the second application. Total scrub time: 2 to 7 minutes. 
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FIG. 6.3  When drying your hands and arms, use one end of the 
towel to dry one hand and arm (work from hand to elbow). Then 
bring the dry hand to the opposite end of the towel and dry the 
other hand and arm in a similar manner. 

TABLE 6.1  Common Antimicrobial Soaps Available for Surgical Scrubs
Antimicrobial Soap Mechanism of Action Properties

Chlorhexidine 
gluconate

Disruption of cell wall 
and precipitation of cell 
proteins

•	 Broad spectrum (more effective against gram-positive than gram-negative bacteria or fungi)
•	 Good virucide
•	 Residual activity because it binds to keratin
•	 Not inactivated by organic material
•	 May be less irritating to skin than iodophors

Hexachlorophene Disruption of cell wall 
and precipitation of cell 
proteins

•	 Bacteriostatic for gram-positive cocci
•	 Minimal activity against gram-negative bacteria, fungi, or viruses
•	 Not inactivated by organic material
•	 Cumulative (nullified by alcohol)
•	 May be neurotoxic

Iodophors (e.g., 
povidone-iodine)

Cell wall penetration, 
oxidation; replaces 
microbial contents with 
free iodine

•	 Broad spectrum (gram-negative and gram-positive bacteria, fungi, and viruses)
•	 Some activity against spores
•	 Inactivated by organic material
•	 Requires minimum of 2 minutes of skin contact

Parachlorometaxylenol Disruption of cell wall 
and enzyme inactivation

•	 Broad spectrum (more effective against gram-positive than gram-negative bacteria, fungi, 
or viruses)

•	 Slow onset of action

Triclosan Disruption of cell wall •	 Broad spectrum (ineffective against many Pseudomonas spp.)
•	 Minimally affected by organic material

Alcohol-based solutions Combination of above •	 Broad spectrum (gram-negative and gram-positive bacteria, fungi, and viruses)

Examples of brushless solutions on the market include Triseptin 
(Healthpoint Ltd.), Avagard (3M), Sterillium Rub (Bode Chemic), 
Purell Waterless Surgical Scrub (GOJO Healthcare), and Endure 
450 (Ecolab Inc.).

NOTE  A simple hand wash with nonmedicated soap and water 
before entering the operating theatre area is highly recommended 
to eliminate any risk of colonization with bacterial spores. Between 
surgeries, repeating hand rubbing, without prior hand wash or 
scrub, is recommended.

A recent meta-analysis of 14 studies compared a range of methods 
for performing surgical hand antisepsis.14 Outcomes were the 
number of cases of SSIs in patients and the number of viable 
bacteria or fungal cells (colony-forming units [CFUs]) on the 
hand of the person operating, before and after surgery. Most of 

the studies were determined to be too small or sufficiently  
flawed to determine whether the method of hand antisepsis 
influenced the risks of SSI. There was some evidence that hand 
antisepsis with chlorhexidine may reduce the number of bacteria 
on the hands of health professionals compared with povidone-
iodine. There was also some evidence that alcohol rubs with 
additional antiseptic agents may reduce CFUs compared with 
aqueous scrubs.

Scrub Duration
The third development within hand antisepsis has been the move 
toward shorter scrub duration. Over the past 3 decades, scrubs 
have gradually been reduced from 10 minutes to 2 minutes. In 
the aforementioned meta-analysis,14 evidence for the effectiveness 
of different scrub durations varied. Four studies compared the 
effect of different durations of scrubs and rubs on the number 
of CFUs on hands. There was evidence that a 3-minute scrub 
reduced the number of CFUs compared with a 2-minute scrub; 
however, the evidence was considered low quality and was 
downgraded for imprecision and indirectness of outcome. Contact 
time between the antimicrobial soap or detergent and the skin 
should be based on documentation of a product’s efficacy in the 
scientific literature and the manufacturer’s guidelines. A 5- to 
7-minute scrub for the first case of the day, followed by a 2- to 
3-minute scrub between subsequent operations, generally is 
adequate. If the hands and arms are grossly soiled, scrub time 
should be extended or brush counts increased; however, skin 
irritation or abrasion should be avoided because this causes 
bacteria that reside in deeper tissues (e.g., around the base of 
hair follicles) to become more superficial, increasing the number 
of potentially infective organisms on the skin surface.

GOWNING (VIDEO 6.2)
Gowns serve as a barrier between the skin of the surgical team 
member and the patient. They should be constructed of a material 
that eliminates the passage of microorganisms between sterile 
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FIG. 6.4  (A) Have an assistant pull the gown up and over your 
shoulders and secure it by closing the neck fasteners and tying 
the inside waist tie. (B) If a sterile-back gown is used, do not 
secure the front tie until you have donned sterile gloves. 

A

B

FIG. 6.5  Closed gloving. (A) Working through the gown sleeve, 
pick up one glove from the wrapper. Lay the glove palm down 
over the cuff of the gown with the thumb and fingers of the 
glove facing toward your elbow. (B) Grasp the cuff of the glove 
with your index finger and thumb. With the index finger and 
thumb of the other hand (within the cuff), take hold of the 
opposite side of the edge of the glove. Lift the cuff on the glove 
up and over the gown cuff and hand. Turn loose and come to 
the palm side of the glove and take hold of the gown and glove, 
pulling them toward the elbow while pushing the hand through 
the cuff and into the glove. Proceed with the opposite hand 
using the same technique. 

and nonsterile areas and should be resistant to fluid, linting, 
stretch, pressure, and friction (especially in the forearm, elbow, 
and abdominal areas; see earlier). They should also be comfortable, 
economical, and fire resistant.

The technique of gowning is described here and is illustrated 
in Fig. 6.4. Gowning and gloving should be done from a surface 
separate from other sterile supplies (the surgical table) and from the 
surgical patient to avoid dripping water onto the sterile field and 
contaminating it. Gowns are folded so that the inside of the gown 
faces outward. Grasp the gown firmly and gently lift it away from 
the table. Step back from the sterile table to allow room for gowning. 
Hold the gown at the shoulders and allow it to gently unfold. Do 
not shake the gown because this increases the risk of contamination. 
Once the gown is open, identify the armholes and guide each arm 
through the sleeves. Keep your hands within the cuffs of the gown. 
Have an assistant pull the gown up over your shoulders and secure 
it by closing the neck fasteners and tying the inside waist tie (see Fig. 
6.4A). If a sterile-back gown is used, do not secure the front tie until 
you have donned sterile gloves (see Fig. 6.4B).

GLOVING
Latex rubber gloves serve as barriers between the surgical team 
member and the patient; however, they are not a substitute for 
proper scrubbing methods. Lubricating agents for latex gloves such 
as magnesium silicate (talcum) or low cross-linked cornstarch allow 
gloves to slide more easily onto the hand. However, these agents 
can cause considerable irritation to various tissues, even if gloves 
are vigorously rinsed in sterile saline before surgery. Therefore 
the surgeon should use gloves in which the inner surfaces have 
been lubricated with an adherent coating of hydrogel. Potentially 
pathogenic gram-positive bacteria may be cultured from water 
droplets collected from surgeons after scrubbing. It is thought 
that these organisms are derived from scrub room tap water. It 
has also been demonstrated that gram-positive bacteria strike 

through the glove wrappings within 2 minutes of wetting the 
paper. Optimally, gloves should not be dropped onto the opened 
gown pack before scrubbing and should not be placed onto a 
sterile field until the surgeon’s arms have been dried.

Gloving can be performed by three separate methods:  
(1) gloving yourself using a closed method; (2) gloving yourself 
using an open method; and (3) assisted gloving.

Closed Gloving
The closed method of gloving ensures that the hand never comes 
in contact with the outside of the gown or glove (Fig. 6.5 and 
Video 6.3).

Open Gloving
The open method of gloving is used when only the hands need to 
be covered (as for urinary catheterization, bone marrow biopsy, 
or sterile patient preparation) and during surgery when one 
glove becomes contaminated and must be changed. This method 
should not be used routinely for gowning and gloving (Fig. 6.6). 
The procedure used when both gloves are donned is shown in  
Fig. 6.7 and Video 6.4.

Assisted Gloving
The steps involved in assisted gloving are shown in Fig. 6.8 
and Video 6.5. Both open and closed gloving are frequently  
associated with gown contamination, especially at the cuff. 
Scrub staff–assisted gloving, although uncommonly performed 
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FIG. 6.6  Open gloving when one hand is sterile. (A) Open the glove wrapper and pick up the 
correct glove at the folded edge with your sterile hand. Gently put your hand into the glove until 
your fingers are in the fingers of the glove. Place your thumb inside or near the thumb of the 
glove and hook the cuff of the glove over your thumb. Let go of the glove. (B) Place the finger 
of your sterile hand under the cuff at the palm of the glove. (C) Bend the wrist of the hand being 
gloved 90 degrees. (D) Gently walk your fingers around the cuff until they are at the front of the 
cuff and, at the same time, pull the cuff up and over your gown. 

A B

FIG. 6.7  Open gloving when neither hand is sterile. (A) Pick up one glove by its inner cuff with 
the opposite hand. Slide the glove onto the opposite hand; leave the cuff down. (B) Using the 
partially gloved hand, slide your fingers into the outer side of the opposite glove cuff. Slide your 
hand into the glove and unfold the cuff; do not touch your bare arm as the cuff is unfolded. With 
the gloved hand, slide your fingers under the outside edge of the opposite cuff and unfold it. 

in veterinary medicine, may minimize the possibility of gown 
contamination.

Removing Gloves Aseptically
The procedure for removing gloves in an aseptic manner is 
described in Fig. 6.9.

MAINTAINING STERILITY DURING SURGERY

The techniques described in this chapter for gowning and gloving 
minimize the risk that the operative team may contaminate the 
surgical field. However, vigilance is necessary to prevent con-
tamination of gowns or gloves. Once gowned, surgical team 
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FIG. 6.8  Assisted gloving. (A) Have the assistant pick up one 
glove and place his or her fingers and thumb under the cuff of 
the glove. (B) With the thumb of the glove facing you, slip your 
hand into the glove; then have the assistant bring the cuff of 
the glove up and over the cuff of your gown and gently let it 
go. (C) Have the assistant pick up the other glove. Assist by 
holding the cuff of the glove open with the fingers of your sterile 
hand while putting your ungloved hand into the open glove. The 
assistant’s thumbs are kept under the cuff while you thrust your 
hand into it. 

FIG. 6.9  To remove gloves aseptically, the nonsterile assistant 
grasps the glove near the cuff (being careful not to touch the 
gown) and pulls it gently from the fingertips. Regloving should 
be performed using the assisted gloving technique described 
in Fig. 6.8. 

members should always face the sterile field and should not 
touch or lean over a nonsterile area. The arms and hands should 
remain above waist level and below shoulder level. The arms 
should not be folded; they should be clasped in front of the 
body, above the waist. Scrubbed personnel should avoid changing 
position levels; they should be seated only if the entire surgical 
procedure will be performed at this level.

The front of the gown should be considered sterile from the 
chest to the level of the sterile field; the back of the gown is not 
considered sterile (even if a sterile-back or wraparound gown 
is used) because it cannot be seen by the scrubbed individual. 
The sleeves should be considered sterile from 2 inches above the 
elbow to the stockinette cuff. Because the stockinette cuff collects 
moisture (making it an ineffective microbial barrier), it is 
considered nonsterile and should be covered by sterile gloves at 

all times. The neckline, the shoulders, and the area under the 
arms should be considered nonsterile because they may be 
contaminated by perspiration or by rubbing together of collar 
and shoulder surfaces during head and neck movement.
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INSTRUMENT CATEGORIES
Each type of surgical instrument is designed for a particular use 
and should be used only for that purpose. Using instruments 
for procedures for which they are not designed (e.g., using 
Metzenbaum scissors to cut suture or tissue forceps to hold 
bone) may dull or break them. Specialized instruments for 
ophthalmologic surgery are discussed in Chapter 16.

Scalpels
Scalpels are the primary cutting instruments used to incise tissue 
(Fig. 7.1). Reusable scalpel handles (No. 3 and 4) with detachable 
blades are most commonly used in veterinary medicine; however, 
disposable handles and blades are available. Disposable scalpels 
with a locking retractable shield are designed to minimize the 
risk of surgical blade injuries while passing blades between 
procedural steps and during disposal. Blades are available in 
various sizes and shapes, depending on the intended task. A No. 
10 blade is most commonly used in small animal surgery for 
incision and excision of tissues. A No. 15 blade is a smaller 
version of a No. 10 and is used for precise incisions in smaller 
tissues. A No. 11 blade is ideal for stab incisions into fluid-filled 
structures or organs. The curved angle of the No. 12 blade limits 
its applicability, but it is most often used in cats for elective 
dissection onychectomy (declawing).

Scalpels are usually used in a slide-cutting fashion, which 
means that the direction of pressure applied to the knife blade 
is at a right angle to the direction of scalpel pressure. When 
incising skin, the scalpel blade should be kept perpendicular to 
the skin surface. Scalpels can be held with a pencil grip, a fingertip 
grip, or a palmed grip. The pencil grip allows shorter, finer, and 
more precise incisions than the other grips because the scalpel 
is at a 30- to 40-degree greater angle to the tissue (Fig. 7.2). 
However, this angle reduces cutting edge contact, making this 
grip less useful for long incisions. The fingertip grip offers the 
best accuracy and stability for long incisions. The palmed grip 
is the strongest hold on the scalpel and allows exertion of great 
pressure on the tissue, but this is often unnecessary in surgical  
situations.

Scissors
Scissors come in a variety of shapes, sizes, and weights and generally 
are classified according to the type of point (e.g., blunt-blunt, 
sharp-sharp, sharp-blunt), blade shape (e.g., straight, curved), or 
cutting edge (e.g., plain, serrated) (Fig. 7.3). Curved scissors offer 
greater maneuverability and visibility, whereas straight scissors 
provide the greatest mechanical advantage when cutting tough 
or thick tissue. Metzenbaum (also called Metz, Nelson, delicate, 
or tissue scissors) or Mayo scissors are most commonly used 
in small animal surgery. Metzenbaum scissors are more delicate 

than Mayo scissors and are designed for sharp and blunt dis-
section or incision of finer tissues; Mayo scissors are used for 
cutting dense, heavy tissue, such as fascia. Heavy scissors are used 
to cut sutures, but these are separate instruments from those 
used to cut tissue. Suture scissors used in the operating room 
are different from suture removal scissors. The latter have a 
concavity on one blade to gently hook the suture away from the 
skin and facilitate easy removal. Delicate scissors (e.g., tenotomy 
scissors, iris scissors) are often used in ophthalmic procedures 
and other meticulous surgeries, such as perineal urethrostomy, 
that require fine, precise cuts. Bandage scissors have a blunt 
tip, which reduces the risk of cutting skin when the scissors are 
introduced under the bandage. Scissors should be utilized only for 
their specific purpose and should be regularly maintained to keep  
them sharp.

Scissors may be used for sharp cutting or blunt dissection. They 
are held with the tips of the thumb and ring finger through the 
finger rings and with the index finger resting on the shanks near 
the fulcrum. The ring finger or thumb should not be allowed 
to “fall through” the handle; the rings should be kept near the 
distal finger joint. This is referred to as a wide-based tripod grip. 
Most scissors are designed for use with a right-handed grip, so 
the natural pushing of the thumb and pulling of the fingers in a 
gripping motion apply maximal shear and torque to the blades. 
When used in the left hand, loss of shear and torque forces 
results in less precision and increased tissue trauma. Therefore 
left-handed surgeons should learn to cut with scissors with their 
right hand or should invest in specifically designed left-handed  
scissors.

Direction, control, and accuracy in cutting depend on the 
stability of the tissue between the blades of the scissors and  
the stability of the scissors in the operator’s grip. The larger the 
angle between the blades when cutting, the less the scissors 
stabilize the tissue and the less accurate the cut. Using the end 
of the blade stabilizes tissue more securely and allows a more 
precise cut. Scissors should not be completely closed if the incision 
is to be continued because the result is a ragged incision; scissors 
should be nearly closed, advanced, and nearly closed again. Blunt 
dissection (i.e., separation of tissue by inserting the points and 
opening the handle) may be used to separate loosely bound 
tissues, such as muscle or fat, or to undermine skin edges for 
wound closure. Blunt dissection should not be used in tougher 
tissue or where precise cuts are possible.

Needle Holders
Needle holders grasp and manipulate curved needles (Fig. 7.4). 
Size and type of needle holder are determined by characteristics 
of the needle to be held and location of tissue to be sutured. 
Larger needles require wider, heavier jawed needle holders. If 
needle holders are used to hold suture, the jaws should be finely 
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ABSTRACT
General surgical instrumentation is designed to cut, grasp, 
manipulate, or retract tissue. The choice of instrument for a 
particular surgical task should be based on minimizing the amount 
of tissue trauma, which also relies on using that instrument 
properly. Tissue trauma can also be limited by appropriate care 
and maintenance of surgical instrumentation.

KEYWORDS
scalpel
scissors
forceps
retractors
hemostasis
tissue trauma
sterilization
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FIG. 7.1  Scalpel handles (left, No. 3; right, No. 4) and blades 
(top to bottom): No. 10, 11, 12, 15, and 20. 

FIG. 7.2  Scalpels are generally held with a pencil grip because 
this allows short, fine, precise incisions. 

FIG. 7.3  Scissors. Left to right: stitch (suture removal), sharp-blunt, Metzenbaum, Mayo, wire, 
and tenotomy. 

FIG. 7.4  Needle holders. Left to right: Mayo-Hegar, Olsen-Hegar, Mathieu, and Castroviejo. 
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serrated or smooth to prevent damaging the suture by fraying 
or cutting it. Long needle holders facilitate working in deep 
wounds. High-quality needle holders are made of noncorrosive, 
high-strength alloy and have a glare-free finish. The tips are 
hardened by coating them with a diamond surface or by fusing 
tungsten carbide to the face. Tungsten carbide inserts may be 
replaced when they become damaged or fail to hold suture 
adequately.

Most needle holders (e.g., Mayo-Hegar, Olsen-Hegar types) 
have a ratchet lock just distal to the thumb, but some (e.g., 
Castroviejo type) have a spring and latch mechanism for locking. 
Mayo-Hegar needle holders are commonly used in veterinary 
medicine for manipulating medium to coarse needles. Olsen-
Hegar needle holders are used similarly but have scissor blades 
that allow suture to be tied and cut with the same instrument. 
The disadvantage of Olsen-Hegar needle holders is that expertise 
is required to prevent cutting the suture during knot tying. 
Mathieu needle holders have a ratchet lock at the proximal end 
of the handles of the needle holder, which permits locking and 
unlocking simply by progressively squeezing the handles together.

Needles generally should be placed perpendicular to the needle 
holder, which allows greatest maneuverability. When needles are 
placed at an angle, the handles must move through a wide arc 
during suturing. A needle is generally grasped near its center to 
allow it to be advanced through tissue with greater force and 
less risk of breakage. When the needle is grasped near the eye 
or swage, maximum needle length is available for suturing and 
risk of needle slippage is reduced; however, the needle is more 
likely to bend or break unless delicate tissue is being sutured. 
Conversely, holding the needle near the pointed end allows the 
greatest driving force when suturing tough tissue, but extracting 
the needle is difficult.

Needle holders may be held using a palmed grip (no fingers 
are placed in the rings, and the upper ring rests against the ball 
of the thumb [Fig. 7.5]), a thenar grip (the upper ring rests on 
the ball of the thumb, and the ring finger is inserted through 
the lower ring [Fig. 7.6]), a thumb-ring finger grip (thumb is 
placed through the upper ring and the ring finger through the 
lower ring [Fig. 7.7]), or a pencil grip (index finger and thumb 
rest on the shafts of the needle holder [Fig. 7.8]), which is used 
with Castroviejo needle holders. The palmed grip is most advanta-
geous for suturing tough tissue that requires a strong needle-
driving force; however, the needle cannot be easily released and 
regrasped after a stitch without changing to another grip, making 
suturing less precise.

FIG. 7.5  A palmed grip provides a strong driving force but less 
precision. 

FIG. 7.6  A thenar grip provides good mobility, but releasing the 
needle holder by applying pressure with the ball of the thumb 
to the upper ring causes the handles to “pop” apart. This causes 
some movement of the needle in the tissue being sutured. 

FIG. 7.7  The thumb-ring finger grip allows for the best precision 
of all grips and is preferable when suturing delicate tissue. 

FIG. 7.8  A pencil grip is used with Castroviejo needle holders. 

NOTE  Left-handed surgeons cannot palm right-handed instruments 
because the boxlock closes rather than opens with pressure.

The thenar grip allows the needle to be released and regrasped 
for extraction without changing grips. Although it allows mobility, 
releasing the needle holder by exerting pressure on the upper 
ring with the ball of the thumb causes the needle holder handles 
to “pop” apart, and some needle movement occurs during this 
process. The greatest advantage of a thumb-ring finger grip is 
that it allows precision when releasing a needle. Although slower 
than the palmed or thenar grip, it is preferred when tissue is 
delicate or when precise suturing is required.

Tissue Forceps
Tissue (thumb) forceps are tweezer-like, nonlocking instruments 
used to grasp tissue (Fig. 7.9). The proximal ends are bonded 
together to allow the grasping ends to spring open or be squeezed 
shut. They are available in various shapes and sizes; tips (grasping 
ends) may be pointed, flat, round, smooth, or serrated with 
small or large teeth. Tissue forceps with large teeth should not 
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grasped and lifted to expose the desired needle entrance site. 
After the needle point has been placed at the desired site, the 
tissue forceps are moved and are used to retract the more 
superficial layer, thereby exposing the exit site. When needles 
are grasped with forceps during suturing, they should be grasped 
perpendicular to the shaft.

Hemostat Forceps
Hemostat forceps are crushing instruments used to clamp blood 
vessels (Fig. 7.11). They are available with straight or curved tips 
and vary in size from smaller (7.6 cm [3 in]) Mosquito hemostats 
with transverse jaw serrations to larger (22.9 cm [9 in]) angio-
tribes. Serrations on the jaws of larger hemostat forceps may be 
transverse, longitudinal, diagonal, or a combination of these. 
Longitudinal serrations are generally gentler to tissue than cross-
serrations. Serrations usually extend from the tips of the jaws 
to the boxlocks, but in Kelly forceps, transverse (i.e., horizontal) 
serrations extend only over the distal portion of the jaws. Similarly 
sized Crile forceps have transverse serrations that extend the 
entire length of the jaw. Kelly and Crile forceps are used on 
larger vessels. Rochester-Carmalt forceps are larger crushing 
forceps often used to control large tissue bundles, such as during 
an ovariohysterectomy. They have longitudinal grooves with 
cross-grooves at the tip ends to prevent tissue slippage. Specialized 

be used to handle tissue that is easily traumatized. Tissue forceps 
with smooth tips, such as DeBakey forceps, are recommended 
for manipulation of delicate tissue, such as viscera or blood 
vessels. The most commonly used tissue forceps (i.e., Brown-
Adson forceps) have small serrations on the tips that minimize 
trauma but facilitate holding tissue securely.

Tissue forceps are generally used in the nondominant hand. 
They should be held so that one blade functions as an exten-
sion of the thumb and the other blade functions as an exten-
sion of the opposing fingers (i.e., pencil position [Fig. 7.10]). 
Holding the shanks in the palm greatly limits maneuverability. 
When forceps are not in use, they can be palmed and held 
with the ring and little fingers, leaving the index and middle  
fingers free.

Tissue forceps are used to stabilize tissue and/or expose tissue 
layers during suturing. During suturing, tissue forceps are used 
on the far side of the wound to grasp the layer above the one 
being sutured. This layer is retracted upward and outward with 
the forceps, exposing the layer to be sutured. The needle point 
can then be placed at the desired level. Before the needle is driven 
completely through the tissue, the forceps should be moved from 
the superficial layer to grasp the layer being sutured. This layer 
can then be lifted to expose the needle’s exit as it is passed through 
the tissue. The tissue layer on the near side being sutured is 

FIG. 7.9  Tissue forceps. Left to right: Bishop-Harmon (smooth 
tip), Bishop-Harmon (toothed), Brown-Adson, 132 tissue, serrated, 
and DeBakey. 

FIG. 7.10  Holding tissue forceps with a pencil grip provides 
greater maneuverability than is attained with other grips. 

B

A

FIG. 7.11  (A) Hemostat forceps. Left to right: mosquito, Kelly, 
Crile, and Rochester-Carmalt. (B) Jaw detail of hemostatic forceps. 
Left to right: mosquito, Kelly, and Rochester-Carmalt. 
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cardiovascular forceps (e.g., Satinsky forceps) allow occlusion 
of only a portion of the vessel. Serrations of cardiovascular clamps 
provide tissue compression without cutting delicate vessel walls. 
Large teeth at the tip ends of some forceps (i.e., Ochsner) help 
prevent tissue slippage within forceps.

Curved hemostats should be placed on tissue with the curve 
facing up. As little tissue as possible should be grasped to minimize 
trauma, and the smallest hemostat forceps that can accomplish 
the job should be used. To prevent having fingers momentarily 
trapped in the rings of hemostats, fingertips should be placed 
on the finger rings, or fingers should be inserted into the rings 
only as far as the first joint.

Tissue Forceps
Tissue forceps are used to grasp or clamp tissue, varying the 
degree of tissue trauma that is created. Allis tissue forceps 
have interlocking sharp teeth; this instrument is used to firmly 
grasp tissue that is going to be removed from the body. Babcock 
tissue forceps have broad, flared, and blunt grasping tips that 
are more delicate than Allis tissue forceps and can be used care-
fully on tissue remaining in the body. Doyen intestinal forceps 
are noncrushing, occluding forceps with shallow longitudinal 
striations that are used to temporarily occlude the lumen of  
the bowel.

Retractors
Handheld retractors (Fig. 7.12) and self-retaining retractors (Fig. 
7.13) are used to retract tissue and improve visualization. The 
ends of handheld retractors may be hooked, curved, spatula-
shaped (i.e., Hohmann), or toothed. Some handheld retractors 
(e.g., malleable or ribbon retractors) may be bent by the surgeon 
to conform to the structure or area of the body being retracted. 
Senn (rake) retractors are small, double-ended retractors with 
three small, fingerlike projections on one end and a flat, curved 
blade on the other. Army-Navy retractors are larger with blunt, 
broad blades on each end for retraction of large amounts of 
tissue. Self-retaining retractors (e.g., Gelpi, Weitlaner) maintain 
tension on tissue and are held open with a boxlock or another 
device (e.g., a set-screw, such as in Balfour and Finochietto 
retractors [Fig. 7.14]). Balfour retractors generally are used to 
retract the abdominal wall, and Finochietto retractors are com-
monly used during thoracotomies.

FIG. 7.12  Handheld retractors. Top to bottom: Senn, Army-Navy, 
malleable, and Hohmann. 

FIG. 7.13  Self-retaining retractors. Left, Gelpi; right, Weitlaner. 

FIG. 7.14  Self-retaining retractors. Left, Finochietto; right, Balfour. 

Miscellaneous Instruments
Instruments are available to suction fluid (Fig. 7.15), clamp drapes 
or other inanimate objects (Fig. 7.16), cut and remove pieces of 
bone (rongeurs [Figs. 7.17 and 7.18]), hold bones during fracture 
repair (Fig. 7.19), scrape surfaces of dense tissue (curettes), remove 
periosteum (periosteal elevators [Fig. 7.20]), cut or shape bone 
and cartilage (osteotomes and chisels [Fig. 7.21]), and bore holes 
in bone (trephines). Magnifying loupes are useful when precise 
cutting or suturing of tissue is necessary (e.g., cardiovascular or 

FIG. 7.15  Suction tips. Top to bottom: Poole, Yankauer, and 
Frazier. 
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INSTRUMENT CARE AND MAINTENANCE
Good surgical instruments are valuable investments. They must 
be used properly and must receive routine care and maintenance 
to prevent corrosion, pitting, and discoloration and to prolong 
the life of the instruments (Table 7.1). Instruments should be 
rinsed in warm water immediately after the surgical procedure 
to prevent blood, tissue, saline, or other foreign matter from 
drying on them. If instruments cannot be immediately cleaned, 
they should be kept moist under a wet towel. Key takeaways 
from the Association of periOperative Registered Nurses (AORN) 
Guideline for Cleaning and Care of Surgical Instruments are listed 
in Box 7.1.1

Many manufacturers recommend that instruments be rinsed, 
cleaned, and sterilized in distilled or deionized water because 
tap water contains varying degrees of minerals that may discolor 

neurologic surgery), and when relatively small tissues are handled 
(e.g., ureteral anastomoses). Numerous other specialized instru-
ments have been developed to facilitate specific surgical proce-
dures, particularly for minimally invasive surgery. Instrumentation 
for laparoscopy and thoracoscopy are described in Chapter 14. 
Some instruments used in orthopedic and neurologic procedures 
are shown in Figs. 7.22 to 7.24. Other orthopedic instruments 
are described in Chapter 32.

FIG. 7.16  Clamps and forceps. Left to right: Backhaus towel 
clamp, Allis tissue forceps, and Babcock forceps. 

FIG. 7.17  Rongeurs. Left to right: Lempert, Ruskin, and 
Kerrison. 

FIG. 7.18  Duck-bill double-action rongeurs. 

FIG. 7.19  Bone-holding forceps. Left to right: AO reduction 
forceps, large speed-lock reduction forceps, Lane bone-holding 
forceps, and small clamshell reduction forceps. 

FIG. 7.20  Periosteal elevators. Left, AO round edge; right, AO 
curved blade and straight edge. 
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FIG. 7.21  Orthopedic equipment. Top to bottom: chisel, mallet, 
orthopedic wire, and wire twisters. 

FIG. 7.22  Orthopedic equipment. Left to right: Jacobs chuck 
and key, Steinmann pins and Kirschner wires (pin caddy), and 
bone cutter. 

FIG. 7.23  Hall air drill and assorted bits. 

•	 Clean and decontaminate instruments as soon as possible after use 
because this helps prevent biofilm formation. To reduce biofilm 
formation:
•	 Remove gross soil at the point of use as dried blood and other 

organic material can be corrosive to instrument surfaces.
•	 Do not allow blood or other bioburden to dry as this could make 

it more difficult to remove them and could compromise the effective-
ness of the subsequent disinfection or sterilization.

•	 Periodically irrigate the instruments with lumens to remove gross 
soil and reduce the risk of biofilm formation.

•	 Keep the instruments moist by placing a towel moistened with 
sterile water over the instruments. DO NOT USE SALINE, which 
may cause pitting of the instruments.

•	 Laryngoscope blades may be a source of contamination to other 
patients because they come in contact with mucous membranes. To 
prevent this:
•	 Clean blades and high-level disinfect or sterilize them after each use.
•	 Handles are classified as a noncritical device; thus they require 

only cleaning and low-level disinfection. However, the rough surface 
of the laryngoscope handle can accumulate bioburden and occasional 
sterilization is warranted.

•	 Ophthalmic instruments have been associated with a syndrome of 
acute inflammation of the anterior segment of the eye in humans. To 
prevent this:
•	 Ensure instruments are rinsed well and that no detergent residues 

remain.
•	 Ensure that dried debris and residues of ophthalmic viscoelastic 

material have been cleaned from the instruments.
•	 Rinse lumens and expel fluid from the lumen into the drain to 

prevent recontamination of the rinse water with debris from inside 
the lumen.

•	 Use sterile, deionized water to rinse the instruments because 
untreated water may contain endotoxins or may cause stains, 
deposits, or corrosion of the instrument surface.

•	 Dry lumens thoroughly with compressed air to eliminate moisture 
that could foster microbial growth.

•	 Use cleaning products recommended by the manufacturer.

BOX 7.1  Key Takeaways From 2014 
AORN Guidelines for Cleaning and Care of 
Surgical Instrumentsa

AORN, Association of periOperative Registered Nurses.

aModified from Cowperthwaite L, Holm RL. Guideline implementation: surgical 
instrument cleaning. AORN J. 2015;101(5):542–549.

and stain the instruments. If tap water is used for rinsing, instru-
ments should be dried thoroughly to prevent staining and 
spotting. Instruments with several components should be disas-
sembled before cleaning. Delicate instruments should be cleaned 
and sterilized separately.

Cleaning
For instrument cleaning, use detergents with neutral or near-
neutral pH (between 7 and 8); low-pH detergents corrode the 
protective surface of stainless steel if not fully rinsed off, whereas 
high-pH detergents corrode or cause “browning” of instruments 
and may impair function. Stains should be distinguished from 
rust (Table 7.2). Stains can be removed, whereas rust causes 
permanent damage. Enzymatic solutions containing proteases, 
lipases, and amylases are often added to neutral pH detergents 
to effectively and efficiently remove organic material from general 
surgical instruments and endoscopic equipment; these solutions 
must be thoroughly rinsed from instrumentation to avoid adverse 
reactions. Studies differ with regard to effectiveness of enzymatic 
versus nonenzymatic cleaners.

NOTE  Do not use Betadine solution, dish soap, laundry soap, or 
hand scrubbing solutions to clean instruments because spotting and 
corrosion will occur.
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TABLE 7.1  Causes of Instrument Corrosion, Pitting, or Discoloration
Type and Cause of Damage Solution

Corrosion
•	 Excessive moisture left on the surface of the instrument or in 

the instrument pack
•	 Preheat the autoclave; allow instruments to cool slowly; check 

autoclave valves for leaks
•	 Rinsing with tap water; deposition of alkali earth on walls of 

autoclave, which deposits on instruments
•	 Use distilled or deionized water during sterilization; periodically clean 

autoclave with acetic acid
•	 Prolonged exposure to enzymatic cleaning solutions •	 Do not expose carbon steel instruments to enzymatic cleaners for 

longer than 5 minutes

Pitting
•	 Exposing instruments to saline or foreign materials •	 Rinse instruments with distilled water immediately after the procedure
•	 Detergent residue on instruments during autoclaving •	 Avoid detergents with a chloride base, which form hydrochloric acid 

when combined with steam
•	 Use of alkaline detergents that remove the chromium oxide coat •	 Use detergents that have a pH near 7
•	 Simultaneous cleaning of metals of dissimilar composition in an 

ultrasound cleaner
•	 During cleaning, separate instruments made from dissimilar metals

Rust Deposition
•	 Deposition of iron on instrument from tap water •	 Use distilled or deionized water during cleaning, rinsing, and sterilization
•	 Deposition and oxidation of carbon particles on stainless steel 

instruments when they are sterilized with chrome-plated 
instruments that have exposed metal

•	 Separate the two types of steel during sterilization; replace plated 
instruments that are peeling or imperfect

Spotting
•	 Condensation and slow evaporation of water droplets containing 

sodium, calcium, and/or magnesium on instruments
•	 Follow instructions for autoclave use; open door after steam has been 

exhausted; check valves or gaskets; use distilled or deionized water

FIG. 7.24  Neurosurgery equipment. Left to right: lens loop, small nerve root retractor, tartar 
scraper, Freer dissector, and large right-angle nerve root retractor. 

Ultrasonic cleaning can be used to follow manual cleaning  
of surgical instruments. This method removes small or micro-
scopic organic material by cavitation and implosion in which 
waves of acoustic energy are propagated in aqueous solutions 
to disrupt the bonds that hold particulate matter to surfaces. 

Dissimilar metals (e.g., chrome and stainless steel) should not 
be mixed in the same ultrasonic cycle. All instruments should 
be placed in the ultrasonic cleaner with ratchets and boxlocks 
open and should not be piled on top of each other because 
delicate instruments could be damaged. Instruments should be 
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TABLE 7.2  Troubleshooting Stain Guide for Surgical Instrumentsa

Stain Color Cause

Brown/orange High-pH detergents, chlorhexidine, or improper soaking of instruments. May also be caused by soaking in tap water.

Dark brown Low-pH instrument solutions. The brownish-colored film may also be caused by a malfunctioning sterilizer. Similar 
localized stain spots may be a result of baked-on blood.

Bluish black Reverse plating, when instruments of different metals (e.g., chrome, stainless steel) are ultrasonically processed 
together. Additionally, exposure to saline, blood, or potassium chloride will cause this.

Multicolor Excessive heat by a localized hot spot in the sterilizer. The rainbow-colored stain can be removed.

Light- and dark-colored spots Water droplets drying on the instruments. Slow evaporation leaves sodium, calcium, and magnesium deposits.

Bluish gray Liquid (cold) sterilization solutions are being used beyond manufacturer’s recommendations.

Black Contact was made with ammonia or a solution containing ammonia.

Gray A liquid rust remover is being used in excess of manufacturer’s recommendations.

Rust Dried blood that has become baked on the serrated or hinged areas of surgical instruments. This organic material, 
once baked on, may appear dark in color. Rust also can be caused by soaking in tap water.

aModified from Spectrum surgical instruments, repairs, instrument accessories; Spectrum Surgical Instruments Corp. http://www.spectrumsurgical.com.

TABLE 7.3  Suggestions for a Basic Soft 
Tissue Packa

Instrument Quantity

Halsted-mosquito hemostats, curved, 5 inch (12.5 cm) 2

Halsted-mosquito hemostats, straight, 5 inch (12.5 cm) 2

Kelly hemostats, curved, 5.5 inch (14 cm) 2

Crile forceps, straight, 5.5 inch (14 cm) 2

Rochester-Carmalt hemostats, curved, 7.25 inch (18.5 cm) 4

Mayo-Hegar or Olsen-Hegar needle holders, 7 inch (18 cm) 1

Brown-Adson tissue forceps 1

Allis tissue forceps, 5 × 6 teeth, 6 inch 4

Backhaus towel clamps, 5.25 inch (13 cm) 4

Metzenbaum scissors, curved, 8 inch (20 cm) 1

Mayo scissors, curved, 8 inch (20 cm) 1

Suture scissors, sharp-blunt, straight, 5 inch (12.5 cm) 1

Instrument tray 1

Senn retractors 2

Blade handle, No. 3 1

Ovariohysterectomy “spay” hook 1

Saline bowl 1

Radio-opaque sponges (4 × 4 inches; 10.2 × 10.2 cm)) 20

aFor spaying, laparotomy, or wound repair.

removed from the cleaner and rinsed and dried at completion 
of the cycle.

If ultrasonic cleaning is unavailable, instruments should be 
cleaned as thoroughly as possible. Use an instrument cleaning 
brush to remove debris from the jaw serrations, teeth, and 
hinged areas. Various specialized instrument brushes are avail-
able (e.g., Frazier suction tube brushes, laparoscopic brushes, 
bone reamer brushes, endoscopic brushes), along with general 
instrument cleaning brushes. A soft nylon brush or toothbrush 
may also be used; rasps and serrated areas may require a wire 
brush. Dry surgical instruments on a clean paper towel. Place 
the fine tips of surgical hemostats face up on towels to prevent  
damage.

Lubricating and Autoclaving
Instruments with boxlocks, hinges, and power equipment should 
be lubricated before autoclaving. Only surgical lubricants should 
be used because they are steam penetrable; industrial oils interfere 
with steam sterilization and should not be used. Lubricant sprays 
are preferred over submersion in lubricant milk due to the 
potential for bacterial contamination from previously dipped 
instruments.

Surgical instruments are generally grouped into packs or kits 
according to their use (Tables 7.3 and 7.4). Before autoclaving, 
instruments should be wrapped in cloth or placed on a cloth 
inside a fenestrated pan to absorb moisture. Instruments should 
be sterilized with boxlocks or hinges open.

NOTE  Never lock an instrument during autoclaving; this prevents 
steam from reaching and sterilizing overlapping metal surfaces. Hinge 
areas of forceps and hemostats can expand and crack when exposed 
to heat during autoclaving if they are locked.

indicator strips [Johnson & Johnson]) should be added before 
autoclaving (see p. 10). Rapid cooling of instruments should be 
avoided to prevent condensation. Additional information on 
autoclaving and other methods of sterilization can be found in 
Chapter 2.

NOTE  To determine whether a brown or orange discoloration is a 
stain or rust, use the eraser test. Rub a pencil eraser over the 
discoloration. If the eraser removes discoloration and the metal 
underneath is smooth and clean, this is a stain. If a pit mark appears 
under the discoloration, this is corrosion or rust.

The chamber should not be overloaded, and stacking of instru-
ments should be avoided to prevent damage to delicate instru-
ments. Kits should be double-wrapped (see p. 11) and sealed 
with autoclave tape. A sterilization monitor (e.g., OK sterilization 
indicators [Propper Manufacturing Company], Sterrad chemical 
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DRAPING AND ORGANIZING THE  
INSTRUMENT TABLE
Instrument tables should be height adjustable to allow them to 
be positioned within reach of surgical personnel. The instrument 
table should not be opened until the animal has been positioned 
on the surgical table and draped. Large, water-impermeable table 
drapes should cover the entire instrument table. To open these 
drapes, the drape and outer wrap are positioned on the instrument 
table and the exposed underneath surface of the drape is gently 
grasped. The ends and then the sides are unfolded. Once the 
drape has been opened, nonsterile personnel should not reach 
over it. Mayo stands often are used in procedures that require 
additional instruments, such as bone plating; specially designed 
stand covers are available for these tables. After the instrument 
pack has been opened (see p. 14), instruments should be posi-
tioned so that they can be readily retrieved. The layout is generally 
determined by the surgeon’s preference, but grouping of similar 
instruments (e.g., scissors, retractors) facilitates their use. 
Whenever a body cavity is opened, sponges should be counted 
at the beginning of the procedure (before the incision is made) 
and again before closure to ensure that none have been inad-
vertently left in the cavity. Contaminated instruments and soiled 
sponges should not be placed back on the instrument table.

REFERENCE
1.	 Guideline for cleaning and care of surgical instruments. In: Guideline for 

Perioperative Practice. Denver: AORN; pp. 615-650, 2015.

Cold Sterilization
Cold sterilization is used for some instruments but does not 
guarantee sterility. Instruments that cannot be autoclaved are 
best sterilized using alternate means (e.g., ethylene oxide or plasma 
sterilization; see pp. 5–8). Solutions that contain benzyl ammo-
nium chloride (BAC) should not be used with instruments that 
have tungsten carbide inserts because BAC dissolves tungsten.

TABLE 7.4  Suggestions for a Basic 
Orthopedic Packa

Instrument Quantity

Jacobs chuck and key 1

Hohmann retractor 2

Army-Navy retractor 2

Periosteal elevator 1

Wire twister 1

Medium pin cutter 1

Kern or Lane bone-holding forceps 2

Reduction forceps 1

Orthopedic wire (18, 20, and 22 gauge) 1 each size

Kirschner wires 2 each size

Intramedullary pins 2 each size

aAugmented with a general pack (see Table 7.3).
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SUTURES AND SUTURE SELECTION
Suture plays an important role in wound repair by providing 
hemostasis and support for healing tissue. Tissues have different 
requirements for suture support, depending on the type of tissue 
and anticipated duration of healing. Some tissues need support 
for only a few days (e.g., muscle, subcutaneous tissue, skin), 
whereas others require weeks (fascia) or months (tendon) to 
heal. Individual patient variation further affects suture choice. 
Healing of wounds may be delayed by infection, obesity, malnutri-
tion, neoplasia, drugs (e.g., steroids), and collagen disorders. In 
rapidly healing tissue, a suture that will lose its tensile strength 
at a similar rate that the tissue gains strength, and that will 
be absorbed by the tissue so that no foreign material remains  
in the wound, is ideal. Minimally invasive surgical techniques  
(see Chapter 14) put additional demands on the performance 
of surgical sutures. Not only must good knot security be 
maintained, but also the surface lubricant must ensure ease of 
manipulation, minimal tissue drag, and good biocompatibility 
with minimal inflammatory responses. Subjective preferences, 
such as familiarity with the material and availability, need 
also be taken into consideration when choosing a suture  
material.

Suture Characteristics
The ideal suture is easy to handle, reacts minimally in tissue, 
inhibits bacterial growth, holds securely when knotted, resists 
shrinking in tissue, absorbs with minimal reaction after the tissue 
has healed, and is noncapillary, nonallergenic, noncarcinogenic, 
and nonferromagnetic; however, such a material does not exist. 
Therefore surgeons must choose a suture that most closely 
approximates the ideal for a given procedure and tissue to be 
sutured. A wide variety of suture and needle combinations are 
available.

Suture Size
The smallest diameter suture that will adequately secure wounded 
tissue should be used to minimize trauma as the suture is  
passed through the tissue, and to reduce the amount of foreign 
material left in the wound. There is no advantage to using a 
suture that is stronger than the tissue to be sutured. The most 
commonly used standard for suture size is the United States 
Pharmacopeia (USP), which denotes dimensions from fine to 
coarse (with diameters in inches) according to a numeric scale, 
with 12-0 being the smallest and 7 the largest. The USP  
uses different standards for surgical gut and other materials  
(Table 8.1). The smaller the suture size, the less tensile strength 
it has. Stainless steel wire is sized according to the metric or USP 
scale or by the Brown and Sharpe (B and S) wire gauge (see 
Table 8.1).

Flexibility
The flexibility of a suture is determined by its torsional stiffness 
and diameter, which influence its handling and use. Flexible 
sutures are indicated for ligating vessels or performing continuous 
suture patterns. Less flexible sutures (e.g., wire) cannot be used 
to ligate small bleeders. Nylon and surgical gut are relatively stiff 
compared with silk suture; braided polyester sutures have 
intermediate stiffness.

Surface Characteristics and Coating
The surface characteristics of a suture influence the ease with 
which it is pulled through tissue (i.e., the amount of friction or 
“drag”) and the amount of trauma caused. Rough sutures  
cause more injury than smooth sutures. Smooth surfaces are 
particularly important in delicate tissues, such as the eye. However, 
sutures with smooth surfaces also require greater tension to 
ensure good apposition of tissues, and have less knot security. 
Braided materials have more drag than monofilament sutures. 
Braided materials are often coated to reduce capillarity (see  
later discussion), but this also provides a smooth surface. Teflon, 
silicone, wax, paraffin-wax, and calcium stearate are used for 
coating sutures.

Capillarity
Capillarity is the process by which fluid and bacteria are carried 
into the interstices of multifilament fibers. Because neutrophils 
and macrophages are too large to enter the interstices of the 
fiber, infection may persist, particularly in nonabsorbable sutures. 
All braided materials (e.g., polyglycolic acid, silk) have degrees 
of capillarity, whereas monofilament sutures are considered 
noncapillary. Coating reduces the capillarity of some sutures, 
but regardless, capillary suture materials should not be used in 
contaminated or infected sites.

Knot Tensile Strength
Knot tensile strength is measured by the force in pounds that 
the suture strand can withstand before it breaks when knotted 
(Box 8.1). Sutures should be as strong as the normal tissue through 
which they are being placed; however, the tensile strength of the 
suture should not greatly exceed the tensile strength of the tissue.

Relative Knot Security
Relative knot security is the holding capacity of a suture expressed 
as a percentage of its tensile strength. The knot-holding capacity 
of a suture material is the strength required to untie or break a 
defined knot by loading the part of the suture that forms the 
loop; the suture material’s tensile strength is the strength required 
to break an untied fiber with a force applied in the direction of 
its length (see Box 8.1).
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ABSTRACT
When choosing a suture material, the surgeon must be knowledge-
able about the healing properties of the particular tissue, the 
wound healing capability of the patient, and the characteristics 
of suitable suture materials (particularly tissue reactivity, tensile 
strength, knot security, and rate of absorption). The type of 
suture to be used depends on the procedure being performed 
and the tissue in which it will be placed. The suture material 
chosen must retain its strength until the wound heals sufficiently. 
Other methods for hemostasis and tissue apposition include, 
but are not limited to, energy-based devices and tissue adhesives 
(e.g., cyanoacrylates).

KEYWORDS
knot security
tensile strength
absorbable
nonabsorbable
monofilament
multifilament
interrupted
continuous
cyanoacrylate
energy-based hemostasis
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TABLE 8.1  Suture Sizes
Synthetic 
Suture 
Materials 
(USP)

Surgical 
Gut (USP)

Brown and 
Sharpe 
Wire 
Gauge

Metric 
Gauge

Actual Size 
(mm)

10-0 0.2 0.02

9-0 0.3 0.03

8-0 0.4 0.04

7-0 8-0 41 0.5 0.05

6-0 7-0 38–40 0.7 0.07

5-0 6-0 35 1 0.1

4-0 5-0 32–34 1.5 0.15

3-0 4-0 30 2 0.2

2-0 3-0 28 3 0.3

0 2-0 26 3.5 0.35

1 0 25 4 0.4

2 1 24 5 0.5

3,4 2 22 6 0.6

5 3 20 7 0.7

6 4 19 8 0.8

7 18 9 0.9

USP, United States Pharmacopeia.

From Lai SY, Becker DG. Sutures and needles, e-medicine. Topic. 2004;38.

BOX 8.1  Terminology Used to Describe 
Suture Characteristics
•	 Absorbability. Progressive loss of mass and/or volume of suture material; 

does not correlate with initial tensile strength.
•	 Breaking strength. Limit of tensile strength at which suture failure occurs.
•	 Capillarity. Extent to which absorbed fluid is transferred along the suture.
•	 Elasticity. Measure of the ability of the material to regain its original 

form and length after deformation.
•	 Fluid absorption. Ability to take up fluid after immersion.
•	 Knot-pull tensile strength. Breaking strength of knotted suture material 

(10%–40% weaker after deformation by knot placement).
•	 Knot strength. Amount of force necessary to cause a knot to slip 

(related to the coefficient of static friction and plasticity of a given 
material).

•	 Memory. Inherent capability of suture to return to or maintain its 
original gross shape (related to elasticity, plasticity, and diameter).

•	 Plasticity. Measure of the ability to deform without breaking and to 
maintain a new form after relief of the deforming force.

•	 Pliability. Ease of handling of suture material; ability to adjust knot 
tension and to secure knots (related to suture material, filament type, 
and diameter).

•	 Straight-pull tensile strength. Linear breaking strength of suture 
material.

•	 Suture pullout value. The application of force to a loop of suture 
located where tissue failure occurs, which measures the strength of 
a particular tissue; variable depending on anatomic site and histologic 
composition (fat, 0.2 kg; muscle, 1.27 kg; skin, 1.82 kg; fascia, 3.77 kg).

•	 Tensile strength. Measure of the ability of a material or tissue to resist 
deformation and breakage.

•	 Wound breaking strength. Limit of tensile strength of a healing wound 
at which separation of the wound edges occurs.

Specific Suturing Materials
Suture materials may be classified according to their behavior in 
tissue (absorbable or nonabsorbable), their structure (monofilament 
or multifilament), or their origin (synthetic, organic, or metallic) 
(Fig. 8.1 and Table 8.2). Two major mechanisms of absorption 
result in the degradation of absorbable sutures. Sutures of organic 
origin, such as surgical gut, are gradually digested by tissue enzymes 
and phagocytized, whereas sutures manufactured from synthetic 
polymers are principally broken down by hydrolysis. Nonabsorb-
able sutures are ultimately encapsulated or walled off by fibrous  
tissue.

Monofilament sutures are made of a single strand of material 
and therefore have less tissue drag than multifilament sutures 
and do not have interstices that may harbor bacteria or fluid. 
Care should be used in handling monofilament sutures because 
nicking or damaging the material with forceps or needle holders 
may weaken the suture and predispose it to breakage. Multifila-
ment sutures consist of several strands of suture that are twisted 
or braided together. Multifilament sutures generally are more 
pliable and flexible than monofilament sutures. They may be 
coated to reduce tissue drag and enhance handling characteristics 
(see previous discussion).

Absorbable Suture Materials
Absorbable suture materials lose most of their tensile strength 
within 60 days and eventually disappear from the tissue implanta-
tion site because they have been phagocytized or hydrolyzed 
(see Fig. 8.1 and Table 8.2). The time to loss of strength and for 
complete absorption varies among suture materials.

Organic absorbable materials. Catgut (surgical gut) is the most 
common nonsynthetic absorbable suture material. The word 
catgut is derived from the term kitgut or kitstring (the string 
used on a kit, or fiddle). Misinterpretation of the word kit as 

referring to a young cat led to the use of the term catgut. Surgical 
gut is made from the submucosa of sheep intestine or the serosa 
of bovine intestine, and is approximately 90% collagen. It is 
broken down by phagocytosis and, in contrast with other suture 
materials, elicits a notable inflammatory reaction. Plain surgical 
gut loses strength rapidly after tissue implantation. “Tanning” 
(cross-linking of collagen fibers), which occurs by exposure to 
chrome or aldehyde, slows absorption. Surgical gut is available 
as plain, medium chromic, or chromic; increased tanning generally 
implies prolonged strength and reduced tissue reaction. Surgical 
gut is rapidly removed from infected sites or areas where it is 
exposed to digestive enzymes, and is quickly degraded in catabolic 
patients. The knots may loosen when wet.

Synthetic absorbable materials. Synthetic absorbable materials 
(see Table 8.2) are generally broken down by hydrolysis and 
cause minimal tissue reaction. The time to loss of strength and 
to absorption is fairly constant in different tissue. Infection or 
exposure to digestive enzymes does not significantly influence 
the rate of absorption of most synthetic absorbable sutures. 
Polyglactin 910 and polyglycolic acid are more rapidly hydrolyzed 
in alkaline environments but are relatively stable in contaminated 
wounds. Polyglycolic acid, polyglactin 910, and poliglecaprone 
25 may be rapidly degraded in infected urine; polydioxanone, 
polyglyconate, and glycomer 631 are acceptable for use in sterile 
bladders and those infected with E. coli. However, use of any 
suture that is degraded via hydrolysis may be at risk for accelerated 
degradation when the bladder is infected with Proteus spp. (see 
also p. 696) as all common monofilament absorbable sutures 
have been shown to degrade within 7 days in P. mirabilis-
inoculated urine.
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comprised of glycolide and lactide. This suture is indicated for 
use in soft tissue approximation of the skin and mucosa, when 
only 7 to 10 days of wound support is required, as it retains the 
majority of its tensile strength until approximately 5 days. 
Complete absorption of Velosorb takes 40 to 50 days.

Nonabsorbable Suture Materials
Organic nonabsorbable materials. Silk is the most common 

organic nonabsorbable suture material used. It is a braided 
multifilament suture made by a special type of silkworm, and 
is marketed as uncoated or coated. Silk has excellent handling 
characteristics and is often used in cardiovascular procedures; 
however, it does not maintain significant tensile strength after 
6 months and is therefore contraindicated for use in vascular 
grafts. It should also be avoided in contaminated sites; one silk 
suture may reduce the number of bacteria required to induce 
infection in a wound from 106 to 103.

Synthetic nonabsorbable materials. Synthetic nonabsorbable 
suture materials (see Table 8.2) are marketed as braided multifila-
ment threads (e.g., polyester or coated caprolactam) or monofila-
ment threads (e.g., polypropylene, polyamide, or polybutester). 
These sutures are typically strong and induce minimal tissue 
reaction. Nonabsorbable suture materials with an inner core 
and an outer sheath (e.g., Supramid) should not be buried in 
tissue because it may predispose to infection and fistulation. 
The outer sheath frequently is broken, which allows bacteria to 
reside underneath it.

Monofilament absorbable materials. Polydioxanone (PDS 
II) and polyglyconate (Maxon) are classic monofilament sutures 
that retain their tensile strength longer than multifilament sutures, 
with complete absorption occurring in 6 months. Poliglecaprone 
25 (Monocryl) and Glycomer 631 (Biosyn) are monofilament 
rapidly absorbable synthetic materials that are pliable, lack stiffness, 
and have good handling characteristics. These sutures have good 
initial tensile strength that deteriorates in 2 to 3 weeks following 
implantation, and are completely absorbed by 120 days.

Polyglytone 6211 (Caprosyn) is a relatively new, rapidly 
absorbable monofilament suture. It is a synthetic polyester of 
glycolide, caprolactone, trimethylene carbonate, and lactide. 
Absorption of this material is essentially complete in 56 days, 
which is thought to lead to less wound complications and tissue 
reactions. This suture retains up to 30% knot strength at 10 days 
postimplantation and has excellent handling characteristics; 
however, its rapid absorption also limits its application.

Multifilament absorbable materials. Polyglycolic acid (Dexon) 
is braided from filaments extracted from glycolic acid and is available 
in both coated and uncoated forms. Polyglactin 910 (Vicryl) is a 
multifilament suture made of a copolymer of lactide and glycolide 
with polyglactin 370. It is coated with calcium stearate, and its rate 
of loss of tensile strength is similar to that of polyglycolic acid. 
Vicryl Rapide is a rapidly absorbed, synthetic braided suture that 
has an initial strength that is comparable to nylon and gut. However, 
the tensile strength declines to 50% in 5 to 6 days, and it is completely 
absorbed in 42 days. This suture is indicated for superficial closure 
of mucosa, gingival closure, and periocular skin closure.

Polysorb sutures are composed of Lactomer glycolide/lactide 
copolymer, which is a synthetic polyester composed of glycolide 
and lactide (derived from glycolic and lactic acids). Polysorb 
maintains 80% of its tensile strength at 2 weeks and 30% at 3 
weeks, with absorption ranging from 56 to 70 days. Velosorb 
Fast sutures are composed of absorbable synthetic polyester 
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FIG. 8.1  Characteristics of sutures used in veterinary medicine. 

NOTE  Nylon cable ties are not recommended to be implanted in 
the body (e.g., used to ligate ovarian pedicles), as toxic substances 
are released during degradation, and may result in abscess or tumor 
formation.
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standard for judging knot security and tissue reaction to suture 
materials.

Antimicrobial-coated sutures. Triclosan-impregnated suture 
is available in certain monofilament (PDS Plus, Monocryl Plus) 
and multifilament (Vicryl Plus) absorbable sutures. These sutures 
create an in vitro zone of inhibition against Staphylococcus aureus, 

TABLE 8.2  Characteristics of Suture Materials Commonly Used in Veterinary Medicine

Generic 
Name Trade Name Manufacturer

Suture 
Characteristics

Reduction in 
Tensile 
Strengtha

Complete 
Absorption 
(Days)

Relative 
Knot 
Securityb

Tissue 
Reactionc

Chromic 
surgical gut 
(catgut)

— — Absorbable
Multifilament

33% at 7 days 60 — (wet) +++

Polyglactin 
910

Vicryl and Vicryl Plus Ethicon Absorbable
Multifilament

25% at 14 days
50% at 21 days

56–70 ++
++

+
+

Vicryl Rapide Ethicon Absorbable
Multifilament

50% at 5 days
100% at 14 days

42 ++ +

Polyglycolic 
acid

Dexon “S” (uncoated)
Dexon II (coated)

Medtronic Absorbable
Multifilament

35% at 14 days
65% at 21 days

60–90 ++ +

Glycolide/
lactide 
polymer

Polysorb Medtronic Absorbable
Multifilament

20% at 14 days
70% at 21 days

60 +++ —

Polydioxanone PDS II Ethicon Absorbable
Monofilament

14% at 14 days
31% at 42 days

180 ++ +

Polyglyconate Maxon Medtronic Absorbable
Monofilament

30% at 14 days
45% at 21 days

180 ++ +

Poliglecaprone 
25

Monocryl Ethicon Absorbable
Monofilament

40%–50% at 7 days
70%–80% at 14 days

90–120 ++ +

Glycomer 631 Biosyn Medtronic Absorbable
Monofilament

25% at 14 days
60% at 21 days

90–110 ++ +

Polyglytone 
6211

Caprosyn Medtronic Absorbable
Monofilament

40%–50% at 5 days
70%–80% at 10 days

56 +++ +

Silk Perma-Hand Ethicon
Medtronic

Nonabsorbable
Multifilament

30% at 14 days
50% at 1 year

> 2 years — +++

Polyester Mersilene (uncoated)
Ethibond (coated)
Dacron (uncoated)
Ticron (coated)

Ethicon
Ethicon
Medtronic
Medtronic

Nonabsorbable
Multifilament

— ++

Polyamide 
(Nylon)

Ethilon (monofilament)
Nurolon (multifilament)
Dermalon 

(monofilament)
Surgilon (multifilament)

Ethicon
Ethicon
Medtronic
Medtronic

Nonabsorbable
Monofilament or 

multifilament

30% at 2 years 
(monofilament)

75% at 180 days 
(multifilament)

+ —

Polypropylene Prolene
Surgilene
Fluorofil

Ethicon
Medtronic
Mallinckrodt 

Veterinary

Nonabsorbable
Monofilament

+++ —

Polybutester Novafil Medtronic Nonabsorbable
Monofilament

++ —

Polymerized 
caprolactam

Supramid
Braunamid
Vetcassette II

S. Jackson
B. Braun
Melsungen Ag
Mallinckrodt 

Veterinary

Nonabsorbable
Multifilament

++ ++ (if coating 
breaks)

Stainless steel 
wire

Flexon (multifilament) Medtronic
Ethicon

Nonabsorbable
Monofilament or
Multifilament

+++ —

aValues given are approximate. Actual loss of tensile strength may vary depending on suture and tissue.
b(−), Poor (<60%); (+), fair (60%–70%); (++), good (70%–85%); (+++), excellent (>85%).
c(−), Minimal to none; (+), mild; (++), moderate; (+++), severe.

Metallic sutures. Stainless steel is the metallic suture most 
commonly used and is available as a monofilament or multifila-
ment twisted wire. Surgical steel is strong and inert with minimal 
tissue reaction, but knot ends evoke an inflammatory reaction. 
Stainless steel has a tendency to cut tissue and may fragment 
and migrate. It is stable in contaminated wounds and is the 
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deformation a needle can withstand before becoming permanently 
deformed is called surgical yield. Ductility is the needle’s resistance 
to breaking under a specified amount of bending. The sharpness 
of a needle is related to the angle of the point (see p. 65) and 
the taper ratio of the needle. The sharpest needles have a long, 
thin, tapered point with smooth cutting edges. Most surgical 
needles are made from stainless steel wire because it is strong, 
corrosion free, and does not harbor bacteria.

The three basic components of a needle are the attachment 
end (i.e., swaged or eyed end), the body, and the point  
(Fig. 8.3A). Eyed needles must be threaded, and because a double 
strand of suture is pulled through the tissue, a larger hole is created 
than when swaged suture material is used. Eyed needles may be 
closed (i.e., round, oblong, or square) or French (i.e., with a slit 
from the inside of the eye to the end of the needle for ease of 
threading) (see Fig. 8.3B). Eyed needles are threaded from the 
inside curvature and are uncommonly used in surgical practice. 
With swaged sutures, the needle and suture are a continuous unit, 
which minimizes tissue trauma and increases ease of use.

The needle body comes in a variety of shapes (see Fig. 8.3C); 
the tissue type and depth and the size of the wound determine 
the appropriate needle shape. Straight (Keith) needles are generally 
used in accessible places where the needle can be manipulated 
directly with the fingers (e.g., placement of purse-string sutures 
in the anus). Curved needles are manipulated with needle holders. 
The depth and diameter of a wound are important when selecting 
the most appropriate curved needle. One-fourth circle needles 
are primarily used in ophthalmic procedures. Three-eighths  
and one-half circle needles are the most commonly used surgical 
needles in veterinary medicine. Three-eighths circle needles are 
more easily manipulated than one-half circle needles because 
they require less pronation and supination of the wrist. However, 
because of the larger arc of manipulation required, they are 
awkward to use in deep or inaccessible locations. A one-half 
circle or five-eighths circle needle, despite requiring more prona-
tion and supination of the wrist, is easier to use in confined 
locations.

The needle point (i.e., cutting, taper, reverse cutting, or side 
cutting) (see Fig. 8.3D) affects the sharpness of a needle and the 
type of tissue in which the needle can be used. Cutting needles 
generally have two or three opposing cutting edges and are 
designed for use in tissues that are difficult to penetrate, such 
as skin. With conventional cutting needles, the third cutting edge 
is on the inside (i.e., concave) curvature of the needle. The location 
of the inside cutting edge may promote more “cut out” of tissue 
because it cuts toward the edges of the wound or incision. Reverse 
cutting needles have a third cutting edge on the outer (i.e., convex) 
curvature of the needle; this makes them stronger than similarly 
sized conventional cutting needles and reduces the amount of 
tissue cut out. Side cutting needles (i.e., spatula needles) are flat 
on the top and bottom and are generally used for ophthalmic 
procedures. Taper needles (i.e., round needles) have a sharp tip 
that pierces and spreads tissues without cutting them. They are 
generally used in easily penetrated tissues, such as the intestine, 
subcutaneous tissue, or fascia. Tapercut needles, which are a 
combination of a reverse cutting edge tip and a taperpoint body, 
are generally used for suturing dense, tough fibrous tissue, such 
as a tendon, and for some cardiovascular procedures, such as 
vascular grafts. Bluntpoint needles have a rounded, blunt point 
that can dissect through friable tissue without cutting. They are 
occasionally used for suturing soft, parenchymal organs, such 
as the liver or kidney.

Staphylococcus epidermidis, and Escherichia coli and are used to 
decrease rates of surgical site infection. Systematic reviews and 
meta-analyses in the human literature have failed to find evidence 
demonstrating the protective effect of triclosan-impregnated 
sutures on the occurrence of surgical site infections.1,2 In the 
veterinary literature, a retrospective cohort study did not find 
additional benefit for using triclosan-impregnated suture for 
wound closure following tibial plateau leveling osteotomy in 
dogs.3 However, in vitro comparison of impregnated versus 
nonimpregnated suture for adherence of methicillin-resistant 
Staphylococcus pseudointermedius found PDS Plus to have sig-
nificantly less adherence than PDS II, Monocryl, Vicryl, and 
Stratafix Spiral PDO.4

Knotless barbed suture. Barbed suture material (e.g., V-Loc, 
Stratafix, Quill) has unidirectional barbs placed in a helical 
fashion around the suture strand (Fig. 8.2). These barbs allow 
the suture to become lodged in the tissue, creating multiple 
anchor points to distribute tension along the suture line. These 
sutures are also knotless as there is a preconstructed loop on 
the end to allow initial anchor of the suture line. Due to the 
unidirectional movement and anchoring of the suture through 
the tissue, there is no need for an end knot. Bidirectional barbs 
with double-swaged needles are also available on certain knot-
less suture materials (i.e., Quill, Statafix). Multiple experimental 
biomechanical studies have demonstrated similar tensile strength 
to standard monofilament suture material in a variety of tissues 
and procedures.5–7 However, for tendon repair, smooth mono-
filament sutures were consistently stronger and were associated 
with less gap formation than knotless barbed suture.8,9 Barbed 
monofilament suture (Stratofix Spiral PDO) has also been shown 
to have a comparable bacterial adherence profile of methicillin-
resistant S. pseudintermedius to nonbarbed monofilament  
suture.4

Surgical Needles
A variety of needle shapes and sizes are available; selection of a 
needle depends on the type of tissue to be sutured (e.g., penetrabil-
ity, density, elasticity, and thickness), topography of the wound 
(e.g., deep or narrow), and characteristics of the needle (i.e., 
type of eye, length, and diameter). Needle strength, ductility, 
and sharpness are important factors in determining the handling 
characteristics and use of a needle. The amount of angular 

FIG. 8.2  Barbed suture material with unidirectional barbs notched 
into the strand. 
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When using an interrupted pattern, numerous suture materials 
are adequate; however, suture that is rapidly removed (e.g.,  
surgical gut) should be avoided in catabolic (i.e., hypoalbumin-
emic and malnourished) patients. When a continuous suture 
pattern is used, a standard absorbable or nonabsorbable monofila-
ment suture with good knot security should be used (e.g., 
polypropylene, polybutester, polydioxanone, polyglyconate).  
One size larger suture than would normally be used is preferred 
for a continuous suture pattern. The knots should be tied  
carefully, and three or four square knots (six or eight throws) 
should be placed. Standard absorbable suture (e.g., polydioxanone 
or polyglyconate) may be preferable to prevent large amounts 
of foreign material from remaining permanently in the 
incision.

Muscle and Tendon
Muscle has poor holding power and is difficult to suture. Absorb-
able or nonabsorbable suture material may be used. Sutures 
placed parallel to the muscle fibers are likely to pull out, so 
consideration should be given to the type of suture pattern chosen 
(see p. 68). Suture material used for tendon repair should be 
strong, nonabsorbable, and minimally reactive. Suturing with a 
taper or taper-cut needle is generally less traumatic to these 
tissues. The largest suture that will pass without trauma through 
the tendon should be used.

Suture Selection for Different Tissue Types
Considerations for suture selection include the length of time the 
suture will be required to help strengthen the wound or tissue, 
the risk of infection, the effect of the suture material on wound 
healing, and the dimension and strength of the suture required.

Skin
Monofilament sutures should be used in skin to prevent wicking 
or capillary transport of bacteria to deeper tissue. Synthetic 
monofilament nonabsorbable sutures (e.g., nylon, polypropylene) 
generally have good relative knot security and are relatively 
noncapillary. Polymerized caprolactam (Supramid, Vetafil) has 
good handling characteristics, but it is braided and should not 
be buried in deeper tissue. Absorbable sutures (e.g., polydioxa-
none, polyconate) may be used in skin, but they should ultimately 
be removed because absorption requires contact with body fluids. 
Subcutaneous sutures are used to obliterate dead space and reduce 
tension on skin edges; multifilament or monofilament absorbable 
suture material is preferred.

Abdominal Closure
The rectus fascia may be closed with either an interrupted or a 
continuous suture pattern; however, most surgeons routinely 
close the rectus fascia with a simple continuous suture pattern. 
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tissue is unpredictable. Synthetic monofilament nylon and 
polypropylene sutures may elicit less infection in contaminated 
tissue than metallic sutures.

Vessels and Vascular Anastomoses
Vessels should be ligated with absorbable suture material. Vascular 
anastomoses are typically performed with monofilament non-
absorbable suture material such as polypropylene. Nonabsorbable 
suture should also be used for vascular grafts. Arterial anastomoses 
may be performed in an end-end (Fig. 8.4A) or end-side fashion 
(see Fig. 8.4B). Arteriotomies may be closed using a vertical  
(Fig. 8.5A) or transverse (see Fig. 8.5B) method.

Reduction of blood loss from a vascular anastomosis (e.g., 
when a polytetrafluoroethylene graft is used) can be affected by 
suture choice, even when a technically perfect anastomosis has 
been performed, as bleeding may occur from the needle holes. 
Sutures having a needle-to-suture ratio of 2 : 1 or 3 : 1 are associ-
ated with more bleeding than when the needle-to-suture diameter 
ratio is 1 : 1, which allows the suture to completely fill the graft  
needle hole.

OTHER BIOMATERIALS
Tissue Adhesives
Cyanoacrylates (e.g., N-butyl and isobutyl-2-cyanoacrylate; 
Vetbond, LiquiVet, GLUture) are commonly used for tissue 

Parenchymal Organs
Parenchymal organs, such as the liver, spleen, and kidneys, are 
generally sutured with absorbable monofilament sutures, as 
multifilament sutures tend to cut through this type of tissue 
because of the increased drag.

Hollow Viscus Organs
Absorbable monofilament sutures are generally recommended 
in hollow viscus organs, such as the trachea, gastrointestinal 
tract, or bladder, to prevent tissue retention of foreign material 
once the wound is healed. In addition, nonabsorbable suture 
may be calculogenic when placed in the urinary bladder or 
gallbladder and may be extruded into the lumen when implanted 
in intestine. Polyglycolic acid suture rapidly dissolves when 
incubated in sterile urine (6 days) or infected urine (3 days).

Infected or Contaminated Wounds
If possible, sutures should be avoided in highly contaminated 
or infected wounds because even the least-reactive nonabsorbable 
sutures elicit some degree of infection in tissue contaminated 
with either Escherichia coli or Staphylococcus aureus. Multifilament 
nonabsorbable sutures (e.g., silk or polyester) should not be 
used in infected tissue because they potentiate infection and 
may fistulate. Absorbable suture material is preferred; however, 
surgical gut should be avoided because its absorption in infected 

A

B
FIG. 8.4  (A) To perform an end-end arterial anastomosis, approximate the vessel ends and place 
two stay sutures at equidistant points (usually at the corners) between the ends. Use these 
sutures to hold the vessel steady and rotate the vessel if required while the anastomosis is being 
performed. Place continuous sutures at 2-mm intervals, 2 mm from the edge of the vessel 
beginning at the posterior wall (away from the surgeon) and continuing to the anterior wall. If 
stenosis is a concern, spatulate the ends. (B) For an end-side anastomosis, place sutures initially 
at the cranial (head) and caudal aspect (toe) of the two ends. Perform the anastomosis circum-
ferentially, beginning with the posterior wall first and progressing to the anterior wall. Inset: 
End-side anastomosis of external jugular vein to carotid artery in a pig to create an experimental 
aneurysm. 



67CHAPTER 8  Biomaterials, Suturing, and Hemostasis

24 hours, gently wash the area with plain water, but do not scrub, 
soak, or expose it to moisture for any length of time. The adhesive 
will spontaneously slough off in 5 to 10 days.

Fibrin glue (e.g., Tisseel) is a relatively new generation of 
tissue adhesive. The product is composed of two separate solutions 
of concentrated human fibrinogen and bovine thrombin that, 
when combined, replicate the final stage of the coagulation 
cascade. A fibrin clot is generated in 10 to 60 seconds. Autologous 
fibrin glue (e.g., Vivostat) is made from the patient’s blood before 
surgery, combining a biologic adhesive made of fibrinogen, factor 
XIII, fibronectin, thrombin, aprotinin, and calcium chloride. In 
humans, uses of the glue include fixation of skin grafts  
(i.e., without sutures) and stabilization of gastrointestinal and 
nerve anastomoses. It has also been used as a preclot material 
on vascular grafts and as a seal for sutured vascular anastomoses. 
However, there is limited experience with the use of fibrin glue 
in small animals.

Bioglue is a relatively new two-component surgical adhesive 
comprised of purified bovine serum albumin and glutaraldehyde. 
The two components are dispensed from a double-chamber 
syringe at the time of application. The amine proteins within 
the bovine albumin are bridged to the extracellular protein 
matrix within the tissue by the glutaraldehyde, creating a 
strong covalent bond. Complete polymerization takes 2 to 3 
minutes. Bioglue is most commonly utilized in cardiovascular 
procedures because the glue also adheres to synthetic graft  
materials.

Ligating Clips
Clips (e.g., hemoclips or ligaclips) may be used for vessel ligation 
and are particularly useful when the vessel is difficult to reach 
or when multiple small vessels must be ligated. However, ligating 
clips are not recommended for use on vessels larger than 11 mm 
in diameter. The vessel should be dissected free of surrounding 
tissue before the clip is applied, and 2 to 3 mm of vessel should 
extend beyond the clip to prevent slippage. The vessel should 
be one-third to two-thirds the size of the clip.

Skin Staples
Rapid and precise wound closure can be achieved through 
the use of skin staplers. Numerous models are available (e.g., 
Precise Vista, Proximate Plus, Appose ULC), but most consist of 
a disposable hand-held unit that dispenses a single rectangular 
staple. Although there are slight variations between manufac-
turers, a standard skin staple is made of 316 L stainless steel 
and has a diameter of 0.5 mm, a span of 6 to 10 mm, and a 
leg length of 3.5 mm. Several staplers come with wide staples 
that span from 7 to 13 mm and have a leg length of 4.0 mm. 
Most staples penetrate the skin first and are then formed to 
the final configuration. This allows for good skin closure and 
a degree of tissue eversion that is favorable for wound healing. 
Other beneficial characteristics of the skin stapler include an 
angled head to allow visualization of staple deployment, a 
rotating head to facilitate precise staple placement, and an 
ergonomic, lightweight design to minimize hand and arm 
fatigue. A special staple remover facilitates clip removal after  
healing.

When placing staples, hold the wound edges together with tissue 
forceps. Place the stapling device gently (not firmly or with pressure) 
against the skin surface and slowly squeeze the trigger.

Absorbable skin staples (e.g., Insorb) have been developed 
to provide a rapid and cosmetic skin closure and eliminate the 

adhesion in certain procedures, such as declawing, tail dock
ing, and small (<5 cm) skin lacerations. These adhesives 
rapidly polymerize in the presence of moisture and produce a 
strong, flexible bond. Adhesion of the contact tissue generally 
takes less than a minute, but may be prolonged with excessive 
hemorrhage. Persistence of the glue in the dermis may result 
in granuloma formation or dehiscence, and placement in an 
infected site may be associated with fistulation. Heat generated 
during the procedure may cause tissue burns. Cyanoacrylate 
adhesives also cause an intense inflammatory reaction within 
subcutaneous tissue and should never be applied within deep  
wounds.

Dermabond (2-octylcyanoacrylate) is an adhesive to which 
special plasticizers have been added to provide flexibility. It 
reaches maximum bonding strength within 2.5 minutes and is 
equivalent in strength to healed tissue at 7 days after repair. It 
is marketed for humans as a replacement for sutures that are 
4-0 to 5-0 or smaller in diameter for incisional or laceration  
repair.

Adhesives should not be used on bite wounds, severely 
contaminated wounds, ulcers, puncture wounds, mucous 
membranes, near the eye, or in areas of high moisture content. 
Adhesives are most useful when used on wounds that may close 
spontaneously, have clean or sharp edges, and are located on 
clean, nonmobile areas. Wounds in which the edges are separated 
more than 5 mm by the underlying skin tension are unlikely 
to stay closed with tissue adhesives alone and should be sup-
ported with subcutaneous sutures. Reliable closure of lacerations 
longer than 5 cm is also uncertain when tissue adhesives alone  
are used.

To apply tissue adhesives, clean the wound and control bleeding. 
Hold the wound together manually or with tissue forceps, with the 
edges slightly everted. Apply the adhesive by lightly wiping the 
applicator tip over the area in the direction of the long axis of the 
wound, at least 5 mm beyond the skin edges. Apply three to four 
thin layers successively; avoid a droplet or a single thick layer. Hold 
the wound edges together for 30 to 60 seconds after the last adhesive 
application to ensure that the adhesive has time to set fully. Remove 
adhesive applied to unwanted areas by using petroleum jelly or 
acetone. Do not cover with ointment, bandage, or a dressing. After 

A

B
FIG. 8.5  An arteriotomy may be closed (A) vertically or  
(B) transversely. 
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need for staple removal. These staples are placed in the subcutane-
ous tissue to securely approximate wound edges. Absorbable 
subcuticular staples are made of synthetic polymers composed 
of polyglycolic and polylactic acids and are gradually absorbed 
by the body over a period of months.

Synthetic Surgical Mesh
Surgical mesh may be used to repair hernias (e.g., perineal hernias) 
or reinforce traumatized or devitalized tissue (abdominal hernias). 
It is also used to reconstruct large tissue defects following resection 
of devitalized, traumatized, or neoplastic tissue (see p. 913). 
Surgical mesh is available in nonabsorbable forms (e.g., polyester 
[Mersilene] fiber mesh and polypropylene [Prolene] mesh) or 
absorbable forms (e.g., polyglactin 910 [Vicryl] and polyglycolic 
acid [Dexon]) and in woven and knitted forms. Surgical mesh 
has been developed that has a thin, bioresorbable fabric layer 
(Proceed Mesh) that effectively separates the strong, supportive 
mesh from underlying tissue; it is being advocated for use in 
the abdominal cavity.

Although surgical mesh is generally elastic, it does not stretch 
significantly as the patient grows and thus should be used cau-
tiously in immature patients. Fibrous tissue grows through the 
mesh interstices. Nonabsorbable mesh placed in contaminated 
wounds may extrude or fistulate and should be removed when 
the tissue has healed and the mesh is no longer required for 
support. Polypropylene mesh has been shown to facilitate the 
reconstruction of large tissue defects in small animals without 
serious complications.

Biologic Tissue Grafts
Animal tissue biomaterials are becoming more commonly 
considered as soft tissue replacements for hernia repair or 
reconstruction of tissue defects. Autologous free fascia lata 
grafts have been described for various orthopedic procedures 
and isolated clinical case reports for soft tissue reconstruction, 
as well as described experimentally for repair of diaphragmatic 
hernias, urethral defects, cranial cruciate ligament injury, 
and Achilles tendon rupture. If there is concern regarding 
donor site morbidity, canine allogenic fascia lata grafts are  
available.

Porcine small intestinal submucosa (Vet BioSISt) can be used 
as a surgical patch for soft tissue reconstruction or reinforcement. 
It is an absorbable, biocompatible material that acts as scaffold 
for tissue ingrowth. It is best used for enhancement of wound 
healing but should be used with caution in areas of tension, as 
degree of mechanical support is limited. In those situations, a 
multilaminate four-layer product is available that may provide 
adequate strength in low-strain areas.

COMMON SUTURE TECHNIQUES
Suture Patterns
Suture patterns can be classified as interrupted or continuous 
by the way they appose tissue (e.g., appositional, everting, or 
inverting) or by which tissues they primarily appose (e.g., 
subcutaneous or subcuticular). Appositional sutures (e.g., simple 
interrupted sutures) bring the tissue in close approximation; 
everting sutures (e.g., continuous mattress sutures) turn the tissue 
edges outward, away from the patient and toward the surgeon. 
Inverting sutures (e.g., Lembert, Connell, and Cushing sutures) 
turn tissue away from the surgeon, or toward the lumen of a 
hollow viscus organ.

B

A

FIG. 8.6  Suture patterns. (A) Subcutaneous. (B) Subcuticular. 

Subcutaneous and Subcuticular Patterns (Video 8.1)
Subcutaneous sutures are placed to eliminate dead space and 
provide some apposition of skin so that less tension is placed 
on skin sutures (Fig. 8.6A). Subcutaneous sutures are gener-
ally placed in a simple continuous manner; however, in some 
instances, such as when drainage might be necessary, simple 
interrupted sutures are preferable. Subcuticular or intradermal 
closures may be used in place of skin sutures to reduce scar-
ring or eliminate the need for suture removal (e.g., fractious 
patient). The suture line is begun by burying the knot in the 
dermis (see p. 74). The suture is advanced in the dermal tissue, 
but, in contrast to a continuous subcutaneous line, the bites 
are parallel to the long axis of the incision (see Fig. 8.6B). The 
suture line is completed with a buried knot. Absorbable suture 
materials with a cutting needle are preferred for this suture  
pattern.

Interrupted Suture Patterns
Simple Interrupted Pattern
A simple interrupted suture is made by inserting the needle 
through tissue on one side of an incision or wound, passing it 
to the opposite side, and tying (Fig. 8.7A). The knot is offset so 
that it does not rest on top of the incision, and the ends of  
the suture are cut (for skin sutures, the ends are left long  
enough to allow them to be grasped during removal). The sutures 
should be placed approximately 2 to 3 mm away from the  
skin edge. Right-handed surgeons place sutures from right to 
left in a horizontal fashion; left-handed surgeons perform the 
opposite.

Simple interrupted sutures are easy and quick to place. They 
are appositional unless excessive tension is applied, then inversion 
may occur. Inversion of skin results in poor healing; therefore 
care should be taken to ensure that skin sutures are loose and 
the edges are apposed. The primary advantage of simple inter-
rupted sutures is that disruption of a single suture does not 
cause the entire suture line to fail. However, simple interrupted 
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when addressing tension in skin closure, as there is less disruption 
to the blood supply of the wound edges. Placement of vertical 
mattress sutures is relatively time-consuming, but eversion of 
the skin margins is less of a problem than with horizontal mattress 
sutures. Both horizontal and vertical mattress pattern can be 
bolstered using rubber stents and buttons.

Halstead Pattern
A Halstead suture is another interrupted mattress pattern that 
is a modification of a continuous Lembert pattern (p. 70). It is 
an infrequent technique used in veterinary medicine, but does 
provide exact skin approximation. The needle enters and exits 
perpendicular to and on the same side of the incision. The needle 
then crosses over the wound and is passed in and out of the skin 
in a similar fashion. The needle is advanced down the incision, 
and this pattern is repeated in reverse, back across the incision, 
and the knot is tied (see Fig. 8.7E).

Gambee Pattern
A Gambee suture is an interrupted pattern used in intestinal 
surgery to reduce mucosal eversion. The suture is introduced 
the same as a simple interrupted suture from the serosa through 
the muscularis and mucosa to the lumen (Fig. 8.7F). The needle 
is then returned from the lumen through the mucosa to the 
muscularis before it crosses the incision. After crossing the 
incision, it is introduced in the muscularis and is continued 
through the mucosa to the lumen. The needle is then reintroduced 
through the mucosa and muscularis to exit from the serosal 
surface, and the suture is tied. Gambee sutures reduce mucosal 
inversion and may reduce wicking of material from the intestinal 
lumen to the exterior.

Continuous Suture Patterns
Simple Continuous Pattern
A simple continuous suture consists of a series of simple inter-
rupted sutures with a knot on either end; the suture is continuous 

sutures take more time than continuous patterns and result in 
more foreign material (knots) in the wound.

Cruciate Pattern
When two simple interrupted sutures are placed parallel to each 
other and then tied across the incision to create an “X,” a cruciate 
pattern is formed (see Fig. 8.7C). Cruciate sutures are appositional 
and can relieve low to moderate tension across an incision. Less 
suture material is used to close a skin incision with cruciate 
sutures than simple interrupted, yet cruciate sutures still afford 
the security of an interrupted pattern.

Horizontal Mattress Pattern
Horizontal mattress sutures are placed by inserting the needle 
on the far side of the incision, passing it across the incision, 
and exiting it on the near side, as described for a simple inter-
rupted suture (see Fig. 8.7B). The needle is then advanced 6 to 
8 mm along the incision and reintroduced through the skin 
on the near side. It then crosses the incision, exiting from the 
skin on the far side, and the knot is tied. Horizontal mattress 
sutures are generally separated by 4 to 5 mm. They are used 
primarily in areas of tension and can be placed rapidly; however, 
they often cause tissue eversion. Care should be exercised to 
appose, rather than evert, tissue margins, and the suture 
should be angled through the tissue so that it passes just below  
the dermis.

Vertical Mattress Pattern
To place a vertical mattress suture, the needle is introduced 
approximately 8 to 10 mm from the incision edge on one side, 
passed across the incision line, and exited at an equal distance 
on the opposite side (see Fig. 8.7D). The needle is reversed and 
inserted through skin on the same side and exited on the far 
side, each bite approximately 4 mm from the skin edge, and the 
knot is tied. Vertical mattress sutures are stronger than horizontal 
mattress sutures when used in areas of tension, and are preferred 

A

D

B

E

C

F
FIG. 8.7  Interrupted suture patterns. (A) Simple interrupted. (B) Horizontal mattress. (C) Cruciate. 
(D) Vertical mattress. (E) Halsted. (F) Gambee. 
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along the line. However, a larger amount of suture material is 
used, and sutures may be more difficult to remove.

Lembert Pattern
A Lembert pattern is a variation of a vertical mattress pattern 
applied in a continuous fashion. It is an inverting pattern that 
is often used to close hollow viscera. The needle penetrates the 
serosa and muscularis approximately 8 to 10 mm from the incision 
edge and exits near the wound margin on the same side. After 
passing over the incision, the needle penetrates approximately 
3 to 4 mm from the wound margin and exits 8 to 10 mm away 
from the incision. This pattern is repeated along the length of 
the incision (see Fig. 8.8D).

Connell and Cushing Patterns
These are inverting patterns that are used to close hollow organs. 
A watertight seal is created by the inversion; however, appositional 
patterns are advocated for visceral closure in small animals, as this 
facilitates rapid intestinal healing. The Connell and Cushing patterns 
are similar, except that a Connell pattern enters the lumen, whereas 
a Cushing pattern extends only to the submucosal layer (see Fig. 
8.8E and F). It was previously thought that a Cushing pattern would 
be preferable to a Connell for cystotomy closure because suture 
material in the lumen might be calculogenic; however, the use of 
rapidly absorbed monofilament sutures negate this concern.

The suture line is begun with a simple interrupted or vertical 
mattress suture. The needle is advanced parallel to the incision 
and introduced into the serosa, passing through the muscular 
and submucosal surfaces. From the deep surface (the lumen 
with a Connell suture), the needle is advanced parallel along the 
incision and returned through the tissue to the serosal surface. 

between the knots (Fig. 8.8A). To begin a simple continuous 
suture line, a simple interrupted suture is placed and knotted, 
but only the end that is not attached to the needle is cut. The 
needle is then passed through the tissue from one side to the 
other, perpendicular to the incision. The suture is advanced above 
the incision line at a diagonal. A running suture is created if the 
suture is advanced above and below the incision line, but this 
is not as secure as less tissue is purchased (see Fig. 8.8B). To end 
a continuous suture, the needle end of the suture is tied to the 
last loop of suture that is exterior to the tissue.

Simple continuous suture lines provide maximum tissue 
apposition and are relatively air and fluid tight compared 
with a series of simple interrupted sutures. Simple continuous 
suture lines are frequently used to close the linea alba and 
subcutaneous tissue. Care should be taken when placing 
continuous suture lines in areas where tightening of the suture 
may result in a purse-stringlike effect, such as with an intestinal  
anastomosis.

Ford Interlocking Pattern
This pattern is a modification of a simple continuous pattern 
in which each passage through the tissue is partly locked (see 
Fig. 8.8C1). Each pass through the tissue is linked to the previous 
passage as the suture exits the tissue through a created loop of 
material. To terminate this suture pattern, the needle is reversed 
and introduced in the opposite direction from that used previ-
ously. The loop of the suture formed on the opposite side is tied 
to the single end (see Fig. 8.8C2 and C3). Locked suture patterns 
may be placed quickly and may appose tissue better than a simple 
interrupted pattern. This pattern also provides greater stability 
than a simple continuous pattern in the event of a partial break 
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FIG. 8.8  Continuous suture patterns. (A) Simple continuous. (B) Running. (C) Ford interlocking 
(C2 and C3 illustrate how to end the suture line). (D) Lembert. (E) Connell. (F) Cushing. 
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Once outside the viscera, the needle and suture are passed across 
the incision and introduced at a point that corresponds to the 
exit point on the contralateral side. The suture is then repeated. 
The suture should cross the incision perpendicularly. When the 
suture is tightened, the incision inverts.

A Parker-Kerr suture is a modification of the Cushing and 
Lembert patterns that has been described for closing the stump 
of hollow viscera. It is seldom used because it causes excessive 
tissue inversion.

Tendon Sutures
Specific suture configurations are used to approximate severed 
ends of a tendon or to secure one end of a tendon to bone or 
muscle; these include Kessler locking-loop, Bunnel-Mayer, 
Krackow, and three-loop pulley suture patterns, among others. 
Select pattern descriptions are listed and more information can 
be found on p. 1283.

Three-Loop Pulley Suture
The three-loop pulley pattern is made with three loops oriented 
approximately 120 degrees to each other. The initial loop is placed 
perpendicular to the long axis of the tendon ends in a near-far 
fashion (Fig. 8.9). The second loop is placed in a plane 120 
degrees from the first, at a point midway between the near and 
far positions. The final loop is placed in a far-near pattern 120 
degrees from the first two sutures. This pattern is considered to 
be biomechanically superior to other tendon patterns, as it is 
more resistant to gap formation during tensile loading.

Bunnell Suture
A modified Bunnell suture pattern may be used to appose severed 
tendons. The needle is passed from one side of the proximal 
end of the severed tendon and crossed diagonally across the 
tendon to the opposite side, where it exits (see Fig. 8.9). The 
suture is reintroduced approximately 1 mm distal to the exit site 
and crossed diagonally to the other side of the tendon, where it 
exits from the severed end. It is introduced into the distal portion 
of the severed tendon from the cut end, and two cruciate sutures 
are placed. The suture exits at the severed end of the distal portion 
of the tendon and is reintroduced into the proximal tendon. 
The pattern is repeated in this portion of the tendon, with the 
suture exiting near the original entrance site. The tendon ends 
are apposed and the suture tightened.
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FIG. 8.9  Tendon sutures. 
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FIG. 8.10  Types of knots. 

This pattern is not commonly used because it is difficult to 
place and may damage the tendon’s microcirculation. Ischemia 
resulting from the suture may cause the suture to pull out or 
may result in death of the tendon ends. The resultant gap must 
then be filled with fibrous tissue.

Far-Near-Near-Far Suture
A far-near-near-far suture may be used in flat tendons. The needle 
is passed through the tendon perpendicular to and 5 mm from 
the severed tendon end (see Fig. 8.9). The needle then enters the 
distal section of the severed tendon in the same vertical plane 
2 mm from the tendon edge. It is looped back to the proximal 
section of tendon, where it enters 2 mm from the severed edge. 
The suture is again looped back to the distal section of the tendon 
to enter 5 mm from the severed tendon edge. The suture ends 
are pulled taut and tied with a surgeon’s knot. This pattern 
minimally disrupts blood flow and provides good resistance to 
tension because all suture passes are in the same vertical plane.

Knot Tying
The knot is the weakest point of a suture. A knot consists of at 
least two throws laid on top of each other and tightened. The 
throws can be joined parallel, as in a square knot, or crosswise, 
as in a granny knot (Fig. 8.10). Correct knot-tying technique is 
important because incorrectly tied knots (e.g., tumbled knots, 
half-hitches, or granny knots) may lead to dehiscence. Factors 
that influence knot security are the type of material, the length 
of the cut ends, the structural configuration of the knot, the number 
of throws used in knot construction, and surgeon experience.10

The most reliable configuration for a knot is superimposition 
of squared knots. A surgeon’s (friction) knot involves passage 
of suture material twice on the first throw (see Fig. 8.10). Due 
to the extra suture material, this knot cannot be easily tightened 
and can withstand only a slight strain on the suture loop. Although 
it is often used in areas of tension, it is generally not recommended 
for use with coated or monofilament materials, and should be 
avoided unless tissue tension is such that use of the standard 
square knot would result in poor tissue apposition. A surgeon’s 
knot is not recommended for vessel ligation. A surgeon’s throw 
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FIG. 8.11  Strangle knot. 

A

D

B

C

FIG. 8.12  Instrument tie. (A) Place the tips of the needle holders between the two strands of 
suture. Wrap the strand nearest you (white, or long end) around the needle holders to form a 
loop and grasp the end of the far piece of suture (black, or short end) in your needle holders. 
(B) Bring the short end toward you (through the loop) by reversing your hands, and tighten the 
suture gently. (C) For the second throw, wrap the strand farthest from you (white, or long end) 
over the needle holders to form a loop, grasp the end of the suture nearest you (black, or short 
end), and (D) pull it through the loop, snugly laying the knot down to prevent tightening the 
suture excessively. Keep your hands low and parallel when tightening the suture to prevent 
causing the knot to tumble. 

Hand Ties
Hand ties are particularly useful in confined or hard to reach areas 
or when sutures have been preplaced, as in a thoracotomy closure. 
Hand ties generally require that suture ends be left longer than for 
an instrument tie, but can be placed much faster and more securely 
than instrument ties. A one-handed or two-handed technique 
may be used. The two-handed technique generally allows better 
control and accuracy; however, the one-handed technique is more 
useful in confined areas. Techniques for tying one-handed and 
two-handed knots are shown in Figs. 8.13 and 8.14.

was recently shown to be less reliable in a vascular pedicle ligation 
model when compared to five other friction knots.11 The Miller’s 
knot, constrictor knot, and strangle knot were considered to be 
the most reliable when used as a first throw for vessel ligation. 
All three of these configurations have an overriding turn, which 
is a section of suture that passes on top of another section of 
suture, often perpendicular or at an angle to the underlying 
section (Fig. 8.11). Tension is maintained by providing compres-
sion on the underlying turns of suture.

Multifilament sutures generally have better knot-holding proper-
ties than monofilament materials; however, coating the suture to 
decrease tissue drag reduces knot security. To prevent strangulating 
tissue, excessive tension should be avoided when tying knots (except 
when ligatures are applied for hemostasis). Excessively tight skin 
sutures cause the patient discomfort and increase the likelihood 
that the animal will remove the sutures prematurely.

Instrument Ties
In veterinary medicine, instrument ties (Fig. 8.12) are more 
commonly used than hand ties because it is thought there is less 
waste of the suture. The first loop is made as shown in Fig. 8.12, 
after which the suture should not be lifted or have uneven pressure 
applied to either end, or the throw will loosen. If one end is 
pulled with greater tension than the other, a half-hitch will form 
(see Fig. 8.10). Opposing suture ends should be pulled perpen-
dicular to the long axis of the incision. Lifting one hand causes 
the suture to tumble, forming a sliding two half-hitch knot. 
Failure to correctly cross the hands results in a granny knot.
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FIG. 8.13  One-handed square knot 
(right-handed). (A) Reflect the right 
suture (white) between the three 
fingers of your right hand (white 
glove) and hold it between your 
index finger and thumb. (B) Hold 
the left suture (black) in your left 
hand (dark glove) and pass it 
between the index finger and 
second finger of your right hand. 
(C) Flex the distal phalanx of the 
second finger of your right hand 
and draw the left strand to the right 
of the right strand. Extend the tip 
of the second finger so that the 
white strand is drawn with it 
through the loop. (D) Pull the right 
strand through the loop by the tips 
of the second and third fingers of 
your right hand. (E) Cross your 
hands and apply even tension to 
the two strands. (F) Place the index 
finger of your right hand between 
the right (black) and left (white) 
strands so that the left-hand strand 
forms a loop with the right. Flex 
the distal phalanx of your right 
index finger. One-handed square 
knot (right-handed). (G) Extend the 
distal phalanx of your right index 
finger to draw the right-hand strand 
through the loop. (H) Pull the right 
strand through the loop and (I) 
apply even tension to complete the 
square knot. (Modified from Knecht 
CD, Allen A, Williams DJ, et al. 
Fundamental Techniques in Vet-
erinary Surgery. 3rd ed. Philadel-
phia: WB Saunders; 1981.)
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FIG. 8.14  Two-handed square knot (right-handed). (A) Extend the index finger of your right hand 
(white glove) as a bridge and place the right (white) strand over it. Hold the left (black) strand in 
the palm of your left hand (dark glove). (B) Pass your left thumb below and around the right 
strand and then to the left of the left strand. (C) Introduce your left index finger between the 
crossed strands (with your left thumb). (D) Carry the right strand to your left index finger and 
thumb and, (E) using your left index finger and thumb, carry it through the loop. (F) Return the 
suture to your right hand. Two-handed square knot (right-handed). 

Burying the Knot (Video 8.2)
The knots of subcutaneous and subcuticular suture patterns are 
often buried to reduce irritation caused by the knots rubbing 
against more superficial tissue. Fig. 8.15 presents a description 
of this procedure using buried square knots. Alternatively, a 
self-locking knot (e.g., Aberdeen knot) can be used at the begin-
ning and end of continuous closure of subcutaneous and 
intradermal suture lines. Aberdeen knots are as secure as square 
knots but have less suture volume.12

Suture Removal
Skin sutures should generally be removed once healing is sufficient 
to prevent dehiscence, usually within 10 to 14 days after surgery. 
However, prolonged healing, such as in extremely debilitated 
animals, may require that the sutures be left in place longer. In 
addition, if fibrosis is desired (e.g., aural hematoma repair), 
delaying suture removal may be considered.

HEMOSTATIC TECHNIQUES AND MATERIALS
Hemostasis is a complex process that involves platelet activa-
tion and circulating clotting factors. Numerous diseases or 
conditions may interfere with clotting in surgical patients. 
The reader is referred to other veterinary medicine texts for 
an in-depth discussion of normal clotting and alterations of 
clotting caused by disease. In surgery, obtaining hemostasis 
allows appropriate visualization of tissue during the proce-
dure and prevents life-threatening hemorrhage. Low pressure 
hemorrhage from small vessels can be controlled by applying 
pressure to the bleeding points with gauze sponges. Once a 
thrombus has formed, the sponge should be gently removed to 
prevent disrupting clots. Soaking the sponge with saline before 
removal may also help prevent clot disruption. Small hemostatic 
forceps (e.g., mosquito forceps) may also be used to control 
bleeding from small vessels. The vessel is grasped and clamped 
with the forceps for several minutes until coagulation occurs. 
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nonabsorbable and may interfere with bacterial clearance, act 
as a foreign body, and become a nidus for infection.

Gelfoam is an absorbable gelatin sponge that can be used to 
control hemorrhage. This material provides a physical matrix 
that initiates clotting through contact activation. In addition, 
when applied to an area of hemorrhage, Gelfoam swells and 
exerts pressure on the wound as it absorbs many times its weight 
in blood. Absorption occurs in 4 to 6 weeks but should not be 
left in infected sites and areas with a high risk of infection or in 
confined places as it may exert unnecessary pressure on neighbor-
ing vital structures.

Other gelatin-based hemostatic products include SurgiFlow 
Hemostatic Matrix and Vetspon. Gelatin products should not 
be used in closure of skin incisions as they may interfere with 
healing.

Surgicel is made of oxidized regenerated cellulose. When 
saturated with blood, it becomes a gelatinous mass that provides 

Alternatively, a ligature may be placed to ensure the bleeding is  
stopped.

Larger vessels must be ligated. Double ligatures are recom-
mended for larger vessels, particularly arteries. Transfixation 
ligatures (Fig. 8.16) may be indicated for larger arteries to  
prevent the ligature from slipping off the vessel end. Using the 
smallest suture possible for vessel ligation improves knot  
security. A surgeon’s throw should not be used for vessel ligation 
(see p. 72), although other friction knots would be appropriate 
(e.g., Miller’s knot, constrictor knot, strangle knot).

Topical Hemostatic Agents
Several topical substances are available to control hemorrhage 
during surgery. Bone wax is a sterile mixture of beeswax, paraffin, 
and isopropyl palmitate. It is pressed into bleeding channels of 
bone to control hemorrhage through a tamponade effect. Bone 
wax should be used sparingly and with caution as it is 

(G) Cross your hands and apply even tension to the suture ends. (H) Place 
your left thumb between the two strands and make a loop with your right hand. (I) Place your 
left index finger through the loop and use it and your left thumb to grasp the left (white) strand 
and (J) pull or push it through the loop. (K) Pass the left strand from your left hand to your right 
thumb and index finger after passing it through the loop and (L) apply even tension to the suture 
strands to tighten the square knot. (Modified from Knecht CD, Allen A, Williams DJ, et al. 
Fundamental Techniques in Veterinary Surgery. 2nd ed. Philadelphia: WB Saunders; 1981.)

FIG. 8.14, cont’d
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Energy-Based Hemostasis–Electrosurgery
The language regarding the use of electrical current for hemostasis 
is confusing. The terms electrocautery and electrosurgery are often 
used interchangeably when the words actually mean distinctly 
different things. Electrocautery coagulates small vessels or cuts 
tissue by using heat generated by direct electric current into a 
metal wire or probe. Electrical current does not enter the patient’s 
body. Electrosurgery refers to generating heat inside the tissue 
using an alternating electric current that passes through the 
tissue creating a circuit. Electrosurgery is widely used for hemo-
stasis for vessels less than 1.5 to 2 mm in diameter; larger vessels 
should be addressed by other means.

Standard electrical current alternates at a frequency of 60 
cycles per second (Hz). Because nerve and muscle stimulation 

a substrate for clot formation. It can be cut to the desired size 
and placed on an area of hemorrhage. Surgicel is absorbed by 
the body, but removal is recommended because it may inhibit 
callus formation and promote infection. It is not activated by 
tissue fluids other than blood and therefore should be used only 
at sites of hemorrhage.

Both gelatin- and cellulose-based materials can be used in 
conjunction with thrombin to convert fibrin from fibrinogen and 
promote platelet aggregation (e.g., Floseal and GelFoam Plus).

Avitene is microfibrillar collagen derived from bovine skin 
that comes in a light flour form or nonwoven web form. It binds 
tightly to blood surfaces causing contact activation, but also 
directly activates platelets. It is absorbed from the body in two 
to three months.

A

B

FIG. 8.15  (A) To bury a simple interrupted suture, introduce the needle deep in the far subcutaneous 
tissue and pass it toward the dermis. Then pass it across the incision line and reintroduce it in 
the near subcutaneous tissue at the dermis, exiting deep in the incision line. (B) To bury a knot 
at the end of a continuous suture line, lift a loop of suture from the incision line, introduce the 
needle from deep to superficial on one side, pass it across the incision, and insert it from 
superficial to deep in the tissue near the loop. Alternately, after the continuous pattern is completed, 
advance the needle 2 to 3 mm to the opposite side. Place a vertical bite from the mid-dermis 
down to subcutaneous tissue. Then insert the needle on the opposite side, vertically aiming up 
from the subcutaneous tissue, exiting at the mid-dermis within 2 to 3 mm of the commissure. 
Create a 2-cm loop of suture between the two vertical bites. Take a third vertical bite parallel to 
the first, initiating in the mid-dermis, but exiting deeper in the subcutaneous layer. Bring the 
needle up between the exposed loop and final suture crossing the incision. Apply tension to the 
exposed loop to tighten the horizontal sutures and appose the wound margins, then tie the free 
suture end to the exposed loop with four to five throws to complete the knot and close the 
wound. Trim the loop 2 to 3 mm above the knot. Insert the needle close to the knot, aiming to 
exit the dermis at least 1 cm lateral to the incision. As tension is applied to the suture, the knot 
is pulled deeper into the tissue, below the dermis. Finally, under tension, trim the free end of 
suture flush with the skin. 
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FIG. 8.16  To place a transfixation ligature on a vessel, introduce 
the needle through the previously ligated tissue. Place a single 
throw in the suture on the near side, then tie the suture (two 
square knots) on the opposite side of the vessel. 

The small surface area of the handpiece concentrates the current 
density, increasing the temperature of the contact tissue and 
causing coagulation or tissue vaporization. The larger surface 
area of the ground plate reduces the current density so that 
minimal tissue heating occurs as the circuit is completed. If an 
adequate low-impedance ground pad is not present, alternate 
paths to ground will be inadvertently used by the circuit, resulting 
in burns to the patient. Most modern electrosurgery units have 
circuitry to eliminate this danger, but safe practices are still 
important. The amount of current multiplied by the amount of 
time the current is applied, and divided by the area of the return 
path, is proportional to the probability of a burn. Therefore a 
small ground plate or an alternate path to ground (i.e., through 
an ECG pad or lead) can easily produce a severe burn. To reduce 
the risk of a burn, use a large pad placed in good contact on well-
vascularized area of tissue that is close to the operative site. In 
addition, keeping electrodes clean and free of eschar will enhance 
performance by maintaining lower resistance within the circuit. 
Towels dampened with water or conduction gel can be placed 
on metal ground plates to improve contact. Adhesive hydrogel 
patient return electrodes are available with some electrosurgery 
systems. These electrodes conform to the surface of the patient 
and provide improved contact over metal plates. Certain models 
(REM Polyhesive Patient Return Electrode) monitor patient 
impedance levels and will deactivate the generator if a fault (poor 
contact) at the electrode is detected.

With monopolar coagulation, the field must be relatively dry 
and the electrode kept clean and free of debris. Direct contact 
of the electrode with the tissue produces lower heat sufficient 
to coagulate. The use of the arc between the electrode and tissue 
produces higher heat and consequently a cutting or vaporization 
action. The standard flat-tipped electrode is designed to create 
an eschar or coagulum directly on tissue. When there is direct 
contact of the tip with the tissue, the cutting cycle will use far 
less voltage to accomplish the same coagulation as the coagulation 
cycle produces. Indirect contact involves touching the electrode 
to an instrument, usually hemostatic or tissue forceps that has 
been applied to the bleeding vessel. This technique allows more 
precise application of energy and effective coagulation.

NOTE  Do not activate the generator while the active electrode is 
touching or in close proximity to another metal object. The instrument 
(particularly in body cavities) when energized can seek its own 
pathway to the return electrode, resulting in patient injury. Gloves 
can occasionally act in a capacitance function and cause burns to 
the surgeon.

NOTE  Research studies have confirmed that the smoke plume 
given off during electrocautery can contain toxic gases and vapors, 
such as benzene, hydrogen cyanide, formaldehyde, bioaerosols, dead 
and live cellular material (including blood fragments), and viruses. 
Thus the Occupational Safety and Health Administration recommends 
that smoke evacuation systems be used to reduce potential acute 
and chronic health risks to patients and personnel.

cease at 100,000 cycles/second (100 kHz), an electrosurgical 
generator takes 60 cycle current and increases the frequency 
to more than 200,000 cycles per second. This affords minimal 
neuromuscular stimulation without risk of electrocution. 
Electrosurgical generators are able to produce a variety of 
waveforms that have different effects on tissue. A constant 
waveform occurs on the “cut” setting; it produces heat quickly 
to vaporize or cut tissue. The “coagulation” setting uses an 
intermittent waveform, which produces less heat and creates a 
coagulum rather than vaporizing tissue. Modern, high-quality 
electrosurgery units (e.g., Force FX Electrosurgical Generator 
C; Medtronic Inc.) have a blend setting, which is an intermit-
tent waveform at a higher duty cycle, so that it produces more 
heat. More coagulation occurs than with a pure cut setting, 
and more tissue cutting occurs than with a pure coagulation  
setting.

Electrosurgery may be performed with monopolar or bipolar 
devices, in a direct or indirect fashion.

Monopolar Electrosurgery
Monopolar electrosurgery is the most commonly used method 
of electrosurgery. It involves the flow of current from an active 
electrode (handpiece) through the patient to a ground plate. 

Bipolar Electrosurgery
Bipolar electrosurgery involves the use of a forceps-like handpiece. 
Instead of passing through the patient’s body, the current passes 
from one tip of the forceps to the opposite tip through the tissue 
being held between the tips. The tips must be held approximately 
1 mm apart for a current to be generated. A ground plate or 
pad is not necessary for bipolar electrosurgery. Bipolar coagulation 
is used when precise coagulation is necessary and to prevent 
damage to adjacent structures, such as in spinal surgery, thy-
roidectomy, or ophthalmic procedures.

Radiosurgery generators and handpieces (e.g., Surgitron Dual 
Frequency RF) are similar to standard electrosurgery units, except 
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that the energy is generated by low-temperature, high-frequency 
current (4.0 MHz). The radio waves pass from an active electrode 
in the handpiece to a passive electrode beneath or near the patient. 
Tissue resistance to the radio waves causes an ionic agitation in 
the cells at the tip of the active electrode. This results in molecular 
friction within the tissues and generation of heat. With this 
technology, there is precise tissue dissection with excellent 
incisional hemostasis, but with minimal thermal damage to the 
surrounding tissues.

Carbon Dioxide Laser
Although there are numerous types of surgical lasers available, 
the most widely used laser in small animal surgery is the carbon 
dioxide (CO2) laser. The laser generates a wavelength of 10,600 nm, 
which is highly and selectively absorbed by water. Tissue vaporiza-
tion occurs as this light energy is absorbed by water into the 

soft tissues. Penetration into tissue is shallow and precise with 
little heat dissipated to surrounding tissues. Proposed advantages 
of the CO2 laser include less bleeding, less pain, less tissue swelling, 
and decreased risk of infection.

Vessel Sealing
Electrothermal, feedback-controlled, bipolar vessel sealing systems 
(Ligasure, Enseal) (Fig. 8.17) can permanently seal blood vessels 
up to 7 mm in diameter. The device uses pressure and pulsed, 
low voltage energy to fuse collagen and elastin of the vessel wall 
and achieve hemostasis. The amount and duration of energy 
delivered automatically adjusts to the degree of tissue impedance. 
A 2014 study showed that a single seal created with a single 
activation cycle is adequate for sealing canine carotid arteries.13 
This technology is utilized for hemostasis in laparoscopic (e.g., 
ovariectomy, cryptorchidectomy) and thoracoscopic (e.g., partial 
pericardectomy, lung lobectomy) surgery, as well as open 
abdominal procedures (e.g., splenectomy, liver lobectomy, partial 
pancreatectomy) and upper airway surgery (e.g., soft palate 
resection, tonsillectomy).

REFERENCES
1.	 Wu X, Kubilay NZ, Ren J. Antimicrobial-coated sutures to decrease 

surgical site infections: a systematic review and meta-analysis. Eur J Clin 
Microbiol Infect Dis. 2016;36:19.

2.	 Apisarnthanarak A, Singh N, Bandong AN, et al. Triclosan-coated sutures 
reduce the risk of surgical site infections: a systematic review and 
meta-analysis. Infect Control Hosp Epidemiol. 2015;36:169.

3.	 Etter SW, Ragetly GR, Bennett RA, et al. Effect of using 
triclosan-impregnated suture for incisional closure on surgical site 
infection and inflammation following tibial plateau leveling osteotomy in 
dogs. J Am Vet Med Assoc. 2013;242:35.

4.	 Morrison S, Singh A, Rousseau J, et al. Adherence of methicillin-resistant 
Staphylococcus pseudintermedius to suture materials commonly used in 
small animal surgery. Am J Vet Res. 2016;77:194.

5.	 Ehrhart NP, Kaminskaya K, Miller JA, et al. In vivo assessment of 
absorbable knotless barbed suture for single layer gastrotomy and 
enterotomy closure. Vet Surg. 2013;42:210.

6.	 Templeton MM, Krebs AI, Kraus KH, et al. Ex vivo biomechanical 
comparison of V-LOC 180® absorbable wound closure device and 
standard polyglyconate suture for diaphragmatic herniorrhaphy in a 
canine model. Vet Surg. 2015;44:65.

7.	 Law AY, Butler JR, Patnaik SS, et al. Biomechanical testing and histologic 
examination of intradermal skin closure in dogs using barbed suture 
device and non-barbed monofilament suture. Vet Surg. 2016;46:59.

8.	 Duffy DJ, Main RP, Moore GE, et al. Ex vivo biomechanical comparison 
of barbed suture and standard polypropylene suture for acute tendon 
laceration in a canine model. Vet Comp Orthop Traumatol. 2015; 
28:263.

9.	 Perry BS, Harper TA, Mitchell MA, et al. Barbed versus smooth 
polypropylene three-loop pulley sutures for repair of canine 
gastrocnemius tendon. Vet Comp Orthop Traumatol. 2014; 
l27:436.

10.	 Martuello DM, McFadden MS, Bennett RA, et al. Knot security and 
tensile strength of suture materials. Vet Surg. 2014;43:73.

11.	 Hazenfield KM, Smeak DD. In vitro holding security of six friction knots 
used as a first throw in the creation of a vascular ligation. J Am Vet Med 
Assoc. 2014;245:571.

12.	 Regier PJ, Smeak DD, Coleman K, et al. Comparison of volume, security, 
and biomechanical strength of square and Aberdeen termination knots 
tied with 4-0 polyglyconate and used for termination of intradermal 
closures in canine cadavers. J Am Vet Med Assoc. 2015;247:260.

13.	 Matz BM, Tillson DM, Boothe HW, et al. Effect of vascular seal 
configuration using the LigaSure on arterial challenge pressure, time for 
seal creation, and histologic features. Vet Surg. 2014;43:761.

B

A

FIG. 8.17  (A and B) Force Triad Energy Platform with monopoly 
electrosurgical cutting and coagulation, bipolar functionality, and 
vessel sealing system. 
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Modern antibiotic therapy began with the discovery and mass 
production of penicillin in 1941. Since then, many otherwise 
fatal infections have been resolved or prevented through their 
use. Unfortunately, their great success lead to rampant misuse. 
Widespread use of prophylactic antibiotics in surgical patients 
has resulted in de-emphasis of surgical asepsis and development 
of antibiotic-resistant bacteria. Nosocomial infections with 
resistant bacteria have been promulgated by prolonged and 
extensive surgical procedures, invasive supportive therapy, lengthy 
hospital stays, inappropriate use of antibiotics, increased survival 
of geriatric and debilitated patients, and use of immunosup-
pressive drugs.

Antibiotic selection is often based on personal bias versus 
actual/expected bacterial flora. Antibiotic therapy may be either 
prophylactic or therapeutic in nature. Prophylactic antibiotic 
therapy should primarily be used when there is clearly an increased 
likelihood of infection or when infection would be catastrophic. 
Selection of prophylactic antibiotics should be based on expected 
bacterial flora in the targeted tissue and their anticipated resistance 
patterns as determined by recent laboratory data. Choice of 
antibiotics for an established infection (therapeutic antibiotics) 
is ideally based on culture and susceptibility results; however, 
antibiotic therapy often needs to be initiated before this informa-
tion is available. Therefore initial selection should be based on 
expected flora with a subsequent modification based on culture 
and sensitivity results.

MECHANISMS OF ANTIBIOTIC ACTION
When antibiotics only inhibit bacterial growth, they are noted 
as being bacteriostatic; when they kill bacteria, they are noted as 
being bactericidal. The distinction between bactericidal and 
bacteriostatic classifications of antibiotics is relative and depends 
on the ratio between the minimum bactericidal concentration 
(MBC) and the minimum inhibitory concentration (MIC).  
The MIC, generally expressed in micrograms per milliliter (µg/
mL), is the lowest concentration of a drug that inhibits visible 
bacterial growth after overnight incubation. The MBC is the 
lowest concentration of a drug that kills 99.9% of bacteria after 
overnight incubation. Antibiotics with a MBC to MIC ratio of 
4 or less are classified as bactericidal because plasma and tissue 
levels that kill 99.9% of the bacteria are typically achieved. 
Conversely, drugs with a large MBC to MIC ratio may make it 
difficult to achieve plasma or tissue levels that kill bacteria;  
such drugs are considered bacteriostatic. However, nonuniform 
distribution of antibiotics in body tissues can cause culture  
and susceptibility results to be misleading. An antibiotic may  
be present in higher than anticipated concentrations in some 
tissues, making a “bacteriostatic” drug effectively bactericidal 
for certain bacteria in that tissue. A common example is treatment 
of urinary tract infections (UTIs). A UTI characterized as 
“resistant” to a particular antibiotic based on susceptibility testing 
might be successfully treated if the antibiotic is concentrated  
in urine. Conversely, a bacteria considered “sensitive” will  
probably not respond if the infection involves the central nervous 
system (CNS) and the antibiotic does not penetrate the blood-
brain barrier.

Finally, the antibiotic must kill bacteria without harming the 
host. When the dose required to kill bacteria is greater than can 
be tolerated by the host (or achieved in the target tissue), then 
the bacteria are considered “resistant” to that drug.

Antibiotics typically are classified according to their mechanism 
of action. Broadly, they may destroy or alter the bacterial cell 
wall or inhibit its synthesis, or inhibit protein or deoxyribonucleic 
acid (DNA) synthesis.

Destruction of Bacterial Cell Walls
Antibiotics that inhibit synthesis or promote destruction of 
bacterial cell walls include the β-lactam ring antibiotics (e.g., 
penicillins, cephalosporins, carbapenems, and monobactams); 
vancomycin; bacitracin; polymyxin; the antifungal drugs nystatin 
and amphotericin B; and the imidazoles. β-Lactams bind to 
proteins in the cell wall (e.g., penicillin-binding proteins [PBPs]), 
thereby impairing cell wall synthesis, reducing its strength and 
rigidity, and ultimately causing increased permeability and cell 
lysis. β-Lactam antibiotics tend to be time dependent, bactericidal, 
and are typically eliminated via the kidneys. Being time dependent, 

NOTE  Inappropriate administration of antibiotics may not only harm 
the patient being treated but also promote development of resistant 
microbes that can harm future patients.

NOTE  Some antibiotics are bacteriostatic at low concentrations 
and bactericidal at higher concentrations. If susceptibility testing 
has been done, use an antibiotic to which the bacteria are susceptible 
regardless of whether it is bacteriostatic or bactericidal.

Bacterial survival in a host depends on bacterial virulence and 
numbers, host immunocompetence, and wound factors that 
antagonize host defenses (e.g., blood clots, ischemic tissue, fluid 
pockets, foreign material). Successful antibiotic therapy requires 
reducing bacterial numbers to the point that host defenses are 
effective. With competent host defenses, bacteriostatic agents 
that slow protein synthesis or prevent bacterial replication are 
often adequate (see later discussion). If host defenses have been 
significantly compromised, then bactericidal concentrations of 
antibiotics are generally preferred. In addition to using appropriate 
antibiotics, wound factors may need to be corrected through 
wound debridement, drainage, and/or removal of foreign material 
to achieve a successful outcome.
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ABSTRACT
Surgical infections remain a serious risk in small animal surgery. 
A thorough understanding of the variety of bacteria and methods 
of diagnosis and treatment is critical for surgeons and support 
staff. In addition, the increasing issues with bacterial resistance 
and methods to combat resistant bacteria should be thoroughly 
understood.
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it is important to administer the drugs frequently enough so 
that MBCs are maintained for 80% of the treatment interval. 
Most β-lactams are relatively safe in dogs and cats.

There are over 15 different types of penicillins and over 20 
different cephalosporins; therefore only representative examples 
are considered in this discussion. Aminopenicillins (e.g., amoxicil-
lin, ampicillin) are effective against many gram-positive aerobes 
and some gram-positive and gram-negative anaerobes. The 
carboxypenicillins (e.g., piperacillin/tazobactam) have better 
gram-negative and anaerobe spectrums than the aminopenicillins, 
whereas the ureidopenicillins (e.g., mezlocillin) have the best 
gram-negative spectrums of all the penicillins. Typical indications 
include urinary tract, respiratory, soft tissue, and cutaneous 
infections. Many gram-negative bacteria have resistance factors 
that inhibit penicillin’s activity. Resistance to penicillins is medi-
ated by bacterial penicillinases (a type of β-lactamase), decreased 
permeability of the cell wall to penicillins caused by altered porin 
size, and altered PBP structure, which prevents penicillins from 
binding (e.g., methicillin-resistant staphylococci). Penicillinase 
inhibitors (e.g., clavulanic acid, sulbactam) may be combined 
with penicillins (e.g., amoxicillin, ampicillin, piperacillin/
tazobactam) to enhance their activity, but these inhibitors do 
not counter all mechanisms of resistance.

The cephalosporins (Table 9.1) are typically more effective 
than penicillin against gram-negative rods (e.g., Enterobacteria-
ceae). Resistance to cephalosporins is mediated by the same 
mechanisms that cause resistance to penicillins. First-generation 
cephalosporins (e.g., cefazolin) are usually effective against most 

Drug Name Brand Name Indications Dosage

First-Generation Cephalosporins
Cephalexin Keflex Wide spectrum of activity against gram-positive organisms; variable against 

gram-negative organisms; poor activity against anaerobic infections
22–30 mg/kg PO bid-qid

Cefazolin Kefzol As above 20–35 mg/kg IV, IM, SC; tid
Cefadroxil Cefa-tabs As above 22–35 mg/kg PO bid

Second- and Third-Generation Cephalosporins
Cefepime Maxipime Fourth-generation cephalosporin with better gram-positive coverage than 

third-generation drugs
40 mg/kg IV, IM; qid

Cefotetan Cefotan Anaerobes and gram-negative bacilli (e.g., septic peritonitis, Escherichia coli) 30 mg/kg IV, SC; tid
Cefoxitin Mefoxin Anaerobes and gram-negative bacilli (e.g., septic peritonitis) 30 mg/kg IV, IM; tid-qid

22 mg/kg IV (presurgical)
Cefotaxime Claforan Wide spectrum of activity against both gram-negative and gram-positive 

organisms; most active in this group against staphylococci; reaches good 
concentrations in spinal fluid

Dogs: 50 mg/kg IV, IM, SC; bid
Cats: 20–80 mg/kg IV, IM; qid

Cefovecin Convenia For skin and soft tissue infections where first-line drugs fail 8 mg/kg SC every 14 days
Ceftazidime Fortaz Effective against Pseudomonas aeruginosa 25–30 mg/kg; IM, SC (tid), or IV (qid)
Cefixime Suprax Limited activity against most gram-positive organisms; can be given orally; 

use lower dose for urinary tract infections and higher dose for other 
infections

10 mg/kg PO bid

Cefpodoxime Proxetil Better activity against Staphylococcus spp. than other oral third-generation 
cephalosporins

5–10 mg/kg PO qd

Cefoperazone Cefobid Effective against Enterobacteriaceae 22 mg/kg IV, IM; bid-qid
Cefquinome Cobactan A fourth-generation cephalosporin with good activity against 

Enterobacteriaceae
2 mg/kg IV, IM, SC; bid

Ceftriaxone Rocephin Often used in CNS infections and borreliosis 25–50 mg/kg IV, IM; qd-bid
Ceftiofur Naxcel Activity against gram-positive organisms; can be given once a day for 

urinary tract infections; not recommended for soft tissue infections in 
dogs or cats; not effective against enterococci

2.2–4.4 mg/kg SC qd-bid

Cefuroxime Biociclin Gram-positive except Enterococcus and MRSP 15–30 mg/kg IV, PO; bid-tid

TABLE 9.1  Select Cephalosporin Drugs

bid, Twice a day; CNS, central nervous system; IM, intramuscular; IV, intravenous; MRSP, methicillin-resistant Staphylococcus pseudintermedius; PO, oral; qd, once a day; qid, four 
times a day; SC, subcutaneous; tid, three times a day.

gram-positive and some gram-negative organisms, but not 
anaerobes. Second-generation cephalosporins (e.g., cefoxitin) 
have greater activity against gram-negative bacteria and anaerobes 
but no additional efficacy against gram-positive organisms. 
Third-generation cephalosporins (e.g., cefotaxime) are highly 
effective against more than 90% of gram-negative bacteria, but 
they often are less active against gram-positive organisms than 
first-generation cephalosporins. Some third-generation cepha-
losporins have specific gram-negative spectra, and just because 
one third-generation cephalosporin is effective in a patient does 
not mean that another third-generation cephalosporin will also 
be effective. Cefpodoxime proxetil (Simplicef) is a prodrug whose 
metabolite is cefpodoxime, a third-generation cephalosporin 
with good activity against most streptococci and staphylococci 
and Enterobacteriaceae. It is designed to be given once daily, 
usually for skin and ear infections, as well as upper respiratory 
and urinary tract infections.

Imipenem and meropenem are carbapenems (a type of 
β-lactam antibiotic) that have broad gram-negative and gram-
positive spectra and are highly resistant to most β-lactamases, 
except for the New Delhi metallo-β-lactamase or the Klebsiella 
pneumoniae carbapenemase. Unlike aminoglycosides, they are 
not nephrotoxic. Imipenem and meropenem are usually effective 
against most clinically relevant bacterial species, including gram-
negative and gram-positive anaerobes and aerobes, but not 
methicillin-resistant staphylococci or resistant strains of Enterococ-
cus faecium. Imipenem should be used only for severely ill patients 
with sensitivity results documenting that the bacteria is resistant 
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enterococci, Pseudomonas spp., and Enterobacteriaceae. Doxy-
cycline (see Table 9.2) is usually the preferred tetracycline in 
small animal practice because it has fewer side effects, penetrates 
cells better, and has less resistance develop to it compared with 
other tetracyclines. It is well distributed to most tissues and 
achieves good intracellular concentrations, although not to  
the CNS. Products containing calcium chelate and tetracyclines 
interfere with oral absorption. Binding of the drugs to calcium 
can be a problem in young or pregnant animals, and tooth 
discoloration and inhibited bone growth can occur. Doxycycline 
is primarily eliminated through the intestines in the dog. Typical 
indications include tick-borne diseases as well as respiratory and 
prostatic infections. Doxycycline causes hepatotoxicity in some 
patients, but its main adverse side effect is related to causing 
esophagitis after oral administration.

to all other antibiotics. Unfortunately, excessive use has already 
produced resistant bacteria, especially Enterobacteriaceae (i.e., 
Klebsiella and E. coli).

Aztreonam is a monobactam (another β-lactam) that is resistant 
to many β-lactamases. It is highly effective against many gram-
negative aerobes but has little activity against anaerobes. It has no 
activity against gram-positive bacteria and must be used in combina-
tion with other drugs to achieve broad-spectrum activity.

Inhibition of Protein Synthesis
Chloramphenicol, tetracycline, erythromycin, and clindamycin 
bind to bacterial ribosomes, causing reversible inhibition of 
protein synthesis. Chloramphenicol (Table 9.2) has broad-
spectrum activity against most anaerobic and aerobic bacteria, 
as well as Ehrlichia spp. and Rickettsia spp., but poor activity 
against Pseudomonas spp. It is highly lipophilic and penetrates 
most organs (e.g., CNS, eye, prostate). Although considered 
bacteriostatic, it often achieves tissue levels high enough to make 
it bactericidal. It is eliminated by hepatic metabolism and urinary 
excretion. The drug may cause idiosyncratic fatal anemia in 
people, but dogs and cats experience only a mild, transient anemia, 
if that. It inhibits hepatic P450 cytochromes and can thus affect 
hepatic metabolism of certain other drugs (e.g., propofol, opiates, 
barbiturates).

Tetracyclines are effective against many gram-positive and 
gram-negative bacteria, including Chlamydia spp., rickettsia, 
spirochetes, Mycoplasma spp., bacterial L-forms, and some 
protozoa. They are usually ineffective against staphylococci, 

Generic and Trade Names Dosage

Amoxicillin plus clavulanate (Clavamox) Dogs: 12.5–25 mg/kg PO bid
Cats: 62.5 mg/cat PO bid (tid for gram-negative infections)

Azithromycin (Zithromax) Dogs: 10 mg/kg PO qd for 7 days, followed by every other day
Cats: 5–10 mg/kg PO qd for 7 days, then give every other day; for upper respiratory infections, 

give 15 mg/kg qd PO for 3 d, then q72h

Clindamycin (Antirobe) Dogs: 11–33 mg/kg PO bid or 11 mg/kg IV, bid; dilute and give slowing when giving IV
Cats: 11–33 mg/kg PO qd or 10 mg/kg IV, IM bid

Amikacin (Amiglyde-V) Dogs: 15–22 mg/kg IV, SC, IM; qd (preferably in the morning)

Piperacillin/tazobactam (Zosyn) 50 mg/kg IV, IM; qid

Ampicillin plus sulbactam (Unisyn) 10–20 mg/kg IV, IM; tid

Chloramphenicol (Chloromycetin) Dogs: 50 mg/kg PO, or 10–15 mg/kg IV tid
Cats: 12.5–20 mg/cat IV, IM bid

Doxycycline (Vibramycin) 5 mg/kg PO bid or 10 mg/kg PO qd

Minocycline (Minocin) Dogs: 5–10 mg/kg PO bid
Cats: 8.8 mg/kg PO qd

Enrofloxacin (Baytril)a Urinary tract infection: 2.5 mg/kg IV, IM, SC, PO bid
Deep tissue infection: 7–20 mg/kg IV, IM, SC, PO qd

Difloxacin (Dicural) 5–10 mg/kg PO qd (use higher dose for organisms with higher MIC)

Orbifloxacin (Orbax) 2.5–7.5 mg/kg PO qd (use higher dose for organisms with higher MIC)

Marbofloxacin (Zeniqun) 2.75–5.5 mg/kg PO qd

Pradofloxacin (Veraflox) Dogs: 3–5 mg/kg PO qd
Cats: 3–5 mg/kg PO qd for tablets; 5–7.5 mg/kg PO qd for suspension

Trimethoprim-Sulfadiazine (Tribrissen) 15 mg/kg PO bid or 30 mg/kg PO qd–bid

Metronidazole (Flagyl) 7.5–10 mg/kg PO, IV bid–tid (dilute and give slowly over 20 min)

TABLE 9.2  Dosages of Selected Antibiotics

aWhen given IV, enrofloxacin is typically diluted and given over 10 to 20 minutes. Recent reports suggest that enrofloxacin may be associated with blindness in cats when doses 
>5 mg/kg are used. It can be given as a single IV injection daily.
bid, Twice a day; IM, intramuscular; IV, intravenous; MIC, minimum inhibitory concentration; PO, oral; qd, once a day; qid, four times a day; qod, every other day;  
SC, subcutaneous; tid, three times a day.

NOTE  Tetracyclines are caustic, and it is critical that the patient 
drink water immediately after swallowing a tablet or capsule (in the 
case of doxycycline, the patient may eat nondairy food). Otherwise 
the tablet may lodge in the esophagus and cause esophagitis and 
even a benign stricture (especially in cats).

Erythromycin is a macrolide that is readily absorbed from the 
upper gastrointestinal system and diffuses well throughout most 
tissues. All macrolides tend to accumulate in phagocytic cells 
and are usually eliminated in the bile. Erythromycin has a narrow 
spectrum of activity and may be associated with nausea and 
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is metabolized to ciprofloxacin. It has a principally gram-negative 
spectrum but is also effective against Rickettsia rickettsii, Myco-
bacteria, and possibly L-form bacteria. Enrofloxacin is poorly 
effective against most gram-positive cocci and anaerobic bacteria, 
but the newer fluoroquinolones (e.g., pradofloxacin) have 
enhanced anaerobic activity. Enrofloxacin has “flexible” dosing 
depending upon the target bacteria and target tissue (see Table 
9.2). Resistance to fluoroquinolones has become common. Side 
effects include blindness in cats, CNS effects, cartilage lesions 
in rapidly growing large breed dogs, and vomiting. Rapid IV 
injection of undiluted enrofloxacin can be fatal.

vomiting because of its prokinetic activity. New derivatives include 
clarithromycin and azithromycin. Azithromycin (see Table 9.2) 
is active against aerobic bacteria, such as staphylococci and 
streptococci, and anaerobes. It also has good activity against 
Mycoplasma spp. and intracellular organisms, such as Bartonella 
spp., Toxoplasma spp., and atypical mycobacteria. Absorption 
of azithromycin after oral administration is high, and it is well 
tolerated. The drug achieves extremely high tissue concentrations 
and only needs to be given once daily.

Clindamycin (see Table 9.2) is a lincosamide that is primarily 
eliminated by biliary excretion and achieves excellent concentra-
tions in the skin and bones, as well as high concentrations in 
white blood cells. It is effective against most anaerobic bacteria, 
plus it is active against many gram-positive pathogens. Typical 
indications include intra-abdominal infections, osteomyelitis, 
discospondylitis, and oral/dental disease. Clindamycin can be 
used in combination therapy directed at Pseudomonas aeruginosa; 
it inhibits bacterial adherence to epithelial cells, making it more 
susceptible to other antibiotics. Clindamycin is effective against 
toxoplasmosis and Neospora, and it can cause esophagitis if the 
pill stays in the esophagus (especially in cats).

The aminoglycosides (e.g., amikacin, gentamicin, kanamycin, 
neomycin, netilmicin, and tobramycin) disrupt protein synthesis 
by binding irreversibly to bacterial ribosomes, making them 
bactericidal. They are effective against gram-negative and gram-
positive bacteria, including Enterobacteriaceae and pseudomonads, 
but not anaerobes. Their activity is reduced in necrotic tissue 
because of free nucleic acid material. Aminoglycosides are polar 
(i.e., lipid insoluble) and have limited distribution in the extracel-
lular and cerebrospinal fluids. However, distribution into the 
pleural fluid, bone, joints, and peritoneal cavity is good. Ami-
noglycosides are poorly absorbed orally. They are concentration 
dependent rather than time dependent, meaning that they can 
be given at higher doses at longer intervals (e.g., once daily), 
which maintains effectiveness but reduces renal toxicity. Amikacin 
(see Table 9.2) is typically used. Dehydration, electrolyte loss, 
preexisting renal disease, and concurrent use of other nephrotoxic 
drugs (e.g., nonsteroidal antiinflammatory drugs [NSAIDs]) 
increase the nephrotoxicity of aminoglycosides. Ototoxicosis and 
neuromuscular blockade are other possible adverse effects. Using 
a combination of a β-lactam and an aminoglycoside is often 
synergistic, plus it helps prevent bacteria from becoming resistant 
to these drugs.

NOTE  A β-lactam drug should never be mixed in the same syringe, 
vial, or intravenous (IV) line with an aminoglycoside; mixing the  
two can result in a chemical reaction that inactivates one or both 
of the drugs.

NOTE  When given intravenously, enrofloxacin must be given slowly, 
in a diluted solution, or the patient may experience morbidity or 
even death.

Inhibition of DNA Synthesis
Fluoroquinolones (e.g., enrofloxacin, difloxacin, ciprofloxacin, 
ofloxacin, marbofloxacin, pradofloxacin) (see Table 9.2) and 
potentiated sulfas (e.g., trimethoprim-sulfa) inhibit DNA syn-
thesis. Fluoroquinolones inhibit DNA synthesis by inactivating 
DNA gyrase. They are bactericidal, concentration-dependent 
drugs with a prolonged postantibiotic effect. Fluoroquinolones 
tend to accumulate in phagocytic white blood cells. Enrofloxacin 
is primarily excreted in the urine; however, approximately 25% 

Oral ciprofloxacin is less expensive than enrofloxacin but is  
also less bioavailable in dogs (approximately 30%–40%) than 
in people (approximately 70%–80%). Therefore it is commonly 
underdosed when administered to dogs. Marbofloxacin has a 
broad spectrum of activity against the major pathogens encoun-
tered in surgical infections. It is safe in dogs, and a single IV 
injection of 2 to 4 mg/kg maintains plasma concentrations  
above the MIC for Enterobacteriaceae and staphylococci for 12 
to 24 hours.

Trimethoprim-sulfonamide combinations inhibit sequential 
steps in folate synthesis, making them time-dependent, bacte-
ricidal drugs to which bacteria have difficulty developing 
resistance. Penetration into tissues depends on the specific 
sulfonamide used; sulfadiazine penetrates most body tissues well, 
whereas sulfamethoxazole is limited to the interstitial fluid 
compartment. Sulfas are renally excreted, but some are metabo-
lized by the liver. In general, they are effective for the treatment 
of osteomyelitis, prostatitis, pneumonia, tracheobronchitis, 
pyoderma, and UTI. Trimethoprim-sulfonamide combinations 
have a broad spectrum of activity against gram-positive and 
gram-negative bacteria, as well as Nocardia spp. and anaerobic 
bacteria. They are usually not effective against pseudomonads. 
In vitro and in vivo susceptibilities do not always correlate. Sulfas 
tend to have poor efficacy in the presence of pus or necrotic 
tissue. Possible side effects include keratoconjunctivitis sicca, 
thrombocytopenia, anemia, neutropenia, bone marrow suppres-
sion, fever, vomiting, hypersensitivity (i.e., vasculitis or arthritis), 
and hepatic disease. Some breeds (e.g., miniature Schnauzers, 
Samoyeds, Doberman pinschers) and some families of dogs seem 
more likely to suffer side effects, probably because of altered 
hepatic metabolism.

Metronidazole is very effective against most anaerobic bacteria. 
It penetrates most body tissues well. Dose-dependent CNS toxicity 
is common if excessive doses are administered.

DRUGS OF LAST RESORT
The number of antibiotics that are effective against multidrug 
resistant (MDR) infections (e.g., methicillin-resistant S. aureus 
[MRSA], vancomycin-resistant enterococci, MDR gram-negative 
rods) is ever diminishing due to transmission of resistance between 
bacteria, especially in hospital settings. Currently, there are some 
MDR bacteria for which only one or two drugs are effective. 
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a wound having more than 105 bacteria per gram of tissue.  
This definition has limited clinical applicability when attempting 
to determine when to treat an infection or for broader screening 
and reporting purposes. Alternatively, the Centers for Disease 
Control and Prevention (CDC) more specifically defines infection 
based on specific body systems (e.g., bone and joint, CNS, 
cardiovascular) with subcategories (osteomyelitis, discospondy-
litis) that require fulfillment of criteria that may or may not 
include the actual culture of bacteria. This is significant as bacterial 
infection can frequently be present in spite of the inability to 
demonstrate it with a positive culture. This is particularly true  
of canine and human joint infections. An additional CDC  
category of infections is the surgical site infection (SSI).  
There are no agreed-upon categorizations of SSI in veterinary 
medicine. Adaptation of the CDC categories are likely appropriate 
in veterinary patients and include superficial incisional,  
deep incisional, and organ/space (Fig. 9.1). The criteria for 
diagnosing an infection in each of these three locations are listed 
in Box 9.1.

Sources of Surgical Site Infections
Sources of surgical infections are separated into endogenous 
and exogenous. Endogenous sources include skin flora, mucous 
membranes, gastrointestinal tract, and preexisting infections  
at the surgical site (abscesses, open wounds). Additionally, 
endogenous sources of SSI include distant sites of infection  
such as dental disease, UTI, or endocarditis. Exogenous  
sources of SSI include surgical personnel, the operating room 
(OR) environment and ventilation, and surgical tools, equipment, 
and materials.

Reported Rates of Small Animal  
Surgical Site Infections
Veterinary studies have estimated the rates of SSI to be between 
3% and 10%; however, data from some studies are difficult to 
interpret based on the variability in their definitions of infection, 
retrospective nature, small sample size, and use of medical record 

The antibiotics reserved for such infections are sometimes referred 
to as drugs of last resort. They include vancomycin, the carbapenems 
(i.e., imipenem, meropenem), the oxazolidinone linezolid (Zyvox), 
the streptogramin combination of dalfopristin and quinupristin 
(Synercid), the cyclic lipopeptide daptomycin (Cubicin), the 
glycopeptide telavancin (Vibativ), the tetracycline tigecycline 
(Tygacil), the oxazolidinone telithromycin (Ketek), and the newest 
cephalosporins (i.e., ceftaroline and ceftobiprole). Although 
tempting to use these antibiotics when faced with a patient 
seriously ill from a bacterial infection (especially when the clini-
cian wants to impress the client with the fact that their pet is 
receiving the very newest and most powerful antibiotic available), 
it is a moral and ethical imperative that veterinarians only use 
such drugs when the bacteria has been isolated and determined 
to only respond to one of these antibiotics. The more these drugs 
are used, the sooner resistant strains will develop. Most dogs 
with extraintestinal infection by MDR E. coli and Enterobacter 
have had prior antibiotic treatment, prolonged hospitalization, 
or prior surgery (the urinary tract appears to be the most common 
site of infection with these bacteria).

CAUSES OF ANTIBIOTIC FAILURE AND 
MECHANISMS OF ANTIBIOTIC RESISTANCE
Successful antibiotic therapy requires administering the appropri-
ate dose of an effective antibiotic that can reach the site of 
infection so that the bacteria there are killed or suppressed 
sufficiently to allow the patient’s immune system to control the 
infection. Factors contributing to therapeutic failure include 
inappropriate dose, frequency, or route of administration; 
inadequate duration of treatment; inappropriate antibiotic 
selection; presence of foreign material (i.e., foreign body or 
implant); inability of sufficient antibiotic to reach the target 
tissue (e.g., cross the blood-brain barrier); bacterial resistance 
(see later discussion); depressed host immunity (e.g., concurrent 
debilitating illness, immunosuppressive drug therapy); pharma-
cokinetics of the drug; drug reactions; antibiotic antagonism; 
and incorrect diagnoses (i.e., viral diseases or foreign bodies 
misdiagnosed as primary bacterial infections).

Unfortunately, even appropriate administration of antibiotics 
is eventually associated with development of resistance, usually 
within 1 to 2 decades of introducing a particular drug, although 
in some cases it occurs within 3 to 4 years. There are two  
main ways that bacteria develop resistance; they can alter the 
site that the antibiotic targets (i.e., receptors in/on the bacteria), 
or they can alter the concentration of the antibiotic in the 
bacteria. Intracellular concentrations may be altered by enzymatic 
destruction of the antibiotic (e.g., β-lactamases), decreasing 
bacterial permeability to the antibiotic (e.g., altering porin size 
such that antibiotics can no longer access intracellular targets), 
or developing efflux proteins (i.e., these are closely associated 
with porins, and they pump specific chemicals out of the bac-
teria). Alteration of the structural target for the antibiotic 
includes alteration of PBPs in the cell wall and binding sites on 
ribosomes.

SURGICAL INFECTIONS
Definitions of Infection
There are numerous means of defining the existence of bacterial 
infection. Bacterial infection has been defined quantitatively as 
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FIG. 9.1  Categorization of surgical site infections (SSIs) by tissue 
layer. Superficial incisional SSIs are the most commonly reported 
surgical infections, accounting for more SSIs than deep incisional 
SSIs and organ space SSIs combined. 



84 PART ONE  General Surgical Principles

classification of the wound, patient-related factors, and procedure-
related factors.

Classification of Wounds
Wounds, including surgical wounds, are classified by degree of 
contamination to help predict the likelihood that infection will 
develop. The classification scheme was developed by the National 
Research Council (Table 9.3) to provide a basis for comparison 
between types of wounds and between institutions. Classification 
of surgical wounds by degree of contamination results in sig-
nificant differences in infection rates.

Clean wounds (see Table 9.3) have a published infection rate 
of approximately 3%. In this category, wounds most likely to result 
in postoperative infection are those associated with severe trauma 
with multiple fractures, traumatic procedures (i.e., carpal arthrodesis), 
or fractures of the distal radius or tibia that require plating.

Clean-contaminated wounds (see Table 9.3) are identified 
when nonsterile luminal organs are entered without significant 
spillage of contents. Included in this category are procedures in 
which a minor break in aseptic technique occurs, such as perfora-
tion of a surgical glove. The most recently reported rate of SSI 
for this category is 3.8%.

Contaminated wounds (see Table 9.3) have a published 
infection rate that varies from 0% to 28.6%. Contaminated 
fractures of long bones and the pelvis and contaminated urogenital 
procedures most frequently become infected. Antibiotic pro-
phylaxis is indicated for contaminated wounds, and drug selection 
is based initially on anticipated bacterial flora and modified 
according to culture and sensitivity results. These wounds are 
not infected initially but have a real potential to become infected. 
Delicate debridement, copious lavage, and antibiotic therapy 
can convert these wounds to clean ones, whereas inadequate 
therapy often results in a dirty, infected wound.

Dirty wounds (see Table 9.3) are those in which gross infection 
is present at the time of surgical intervention (e.g., traumatic 
wounds with retained devitalized tissue, foreign bodies, or fecal 
contamination). Management of this type of wound requires 
antibiotic therapy (initial selection being based on anticipated 
flora and later modified by bacterial culture and sensitivity results), 
copious lavage, debridement, drainage, and possible use of wet-
to-dry bandages to further debride the wound during the early 
postoperative period. The postoperative infection rate for dirty 
wounds is approximately 20%.

Patient-Related Factors
The risk of SSI may be increased by gender, body weight, and 
preexisting medical conditions or existing treatments.

Hypotension. In a 2015 study, dogs experiencing hypotension 
(i.e., mean arterial pressure <60 mm Hg and systemic arterial 
pressure <80–90 mm Hg) during surgery were 27 times more 
likely to develop an SSI.1 The proposed mechanism is a decrease 
in oxygenated blood flow to the surgical site.

Endocrinopathies. Endocrinopathies including diabetes mellitus, 
hyperadrenocorticism, and hypothyroidism have been incon-
sistently reported to result in an increased risk of SSIs in dogs 
and cats.

Gender. Androgenic hormones may result in an increased 
risk of SSI in male dogs and cats. Although not definitively proven, 
this would be similar to the 50% increased risk that has been 
identified in men compared with women.

Other patient-related factors. Numerous other patient-related 
factors may increase the risk of SSI in dogs and cats based on 

review to identify infection. A 2015 prospective cohort study of 
846 dogs examined the incidence of SSI in dogs using the CDC 
definitions and classifications of SSI.1 The incidence of SSI in 
this study was 3% overall with 42% classified as superficial, 50% 
classified as deep, and 8% as organ/space. The most prominent 
bacterial species cultured in this study was methicillin-resistant 
Staphylococcus pseudintermedius (MRSP) at 47%. The majority 
of SSIs are recognized within 30 days of surgery, and the CDC 
has reduced the screening period for SSIs from 1 year postop-
eratively to 90 days postoperatively.

Factors Affecting Surgical Site Infections
Numerous factors determine the likelihood of development of 
an SSI. The most commonly identified of these include the 

BOX 9.1  Surgical Site Infection  
(CDC Definition)

Superficial Incisional Surgical Site Infection (SSI)
Infection within 30 days after the operation and only involves skin and 
subcutaneous tissue of the incision and at least one of the following:
1.	Purulent drainage, with or without laboratory confirmation, from the 

superficial incision.
2.	Organisms isolated from an aseptically obtained culture of fluid or 

tissue from the superficial incision.
3.	At least one of the following signs or symptoms of infection: pain or 

tenderness, localized swelling, redness, or heat and superficial incision 
is deliberately opened by surgeon, unless incision is culture negative.

4.	Diagnosis of superficial incisional SSI made by a surgeon or attending 
physician.

Deep Incisional Surgical Site Infection
Infection occurs within 30 days after the operation if no implant is left 
in place or within 1 year if implant is in place and the infection appears 
to be related to the operation and infection involves deep soft tissue 
(e.g., fascia, muscle) of the incision and at least one of the following:
1.	Purulent drainage from the deep incision but not from the organ/space 

component of the surgical site.
2.	A deep incision spontaneously dehisces or is deliberately opened by 

a surgeon when the patient has at least one of the following signs 
or symptoms: fever (>38°C [100°F]), localized pain or tenderness, 
unless incision is culture negative.

3.	An abscess or other evidence of infection involving the deep incision 
is found on direct examination, during reoperation, or by histopathologic 
or radiologic examination.

4.	Diagnosis of deep incisional SSI made by a surgeon or attending 
physician.

Organ/Space Surgical Site Infection
Infection occurs within 30 days after the operation if no implant is left in 
place or within 1 year if implant is in place and the infection appears to 
be related to the operation and infection involves any part of the anatomy 
(e.g., organs and spaces) other than the incision that was opened or 
manipulated during an operation and at least one of the following:
1.	Purulent drainage from a drain that is placed through a stab wound 

into the organ/space.
2.	Organisms isolated from an aseptically obtained culture of fluid or 

tissue in the organ/space.
3.	An abscess or other evidence of infection involving the organ/space 

that is found on direct examination, during reoperation, or by histo-
pathologic or radiologic examination.

4.	Diagnosis of organ/space SSI made by a surgeon or attending 
physician.

Modified from Mangram AJ, Horan TC, Pearson ML, et al. Guideline for prevention of 
surgical site infection 1999. Hospital Infection Control Practices Advisory Committee. 
Infec Control Hosp Epidemiol. 1999;20(4):250–278.

CDC, Centers for Disease Control and Prevention.
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Phagocytosis and humoral immunity are significantly diminished 
when tissue integrity is interrupted during surgery. Inexperienced 
surgeons cause more tissue trauma than experienced surgeons, 
resulting in greater susceptibility to infection.

Anesthesia time. It has been estimated that each hour of 
anesthesia increases the risk of SSI by approximately 30%; 
however, anesthetic time was not identified as a risk factor for 
SSI in the study by Turk et al.1 The duration of anesthesia depends 
on the actual surgical time, plus any preoperative or postoperative 
procedures performed (including patient preparation and 
diagnostics). The potential increased risk of SSI is due not only 
to associated prolonged surgical times but also to possible immune 
alterations from inhalant anesthesia and potential bacterial 
contamination with drugs such as propofol. In older studies, 
animals that received propofol were more likely to develop 
postoperative wound infections than animals that did not receive 
the drug. This may be because the propofol can be contaminated 
by hospital personnel, particularly when the vial is used for 
multiple patients.

similar evidence in humans. Veterinary studies often do not have 
adequate statistical power to verify these concerns. Potential 
factors include obesity, hypothermia, immunosuppressive medica-
tions, and blood loss.

Procedure-Related Factors
Procedure-related factors that may increase the risk of  
infection include hair removal, duration of surgery, duration of 
anesthesia, OR operating room conditions, and presence of 
surgical implants.

Surgical site clipping. Clipping of incision sites produces 
microscopic abrasions in the skin that can be colonized by bacteria. 
To minimize SSI from bacteria, which colonize skin abraded by 
clippers, skin preparation should be performed immediately 
before surgery and no earlier if possible (see Chapter 5).2

Surgical time. Prolonged surgical times increase the risk of 
SSI by suppression of the immune system associated with a 
transient decrease in lymphocytes that has been correlated with 
the duration of surgery. Prolonged surgical procedures also 
increase the risk of SSI through increased tissue manipulation, 
which further compromises immunity. It has been estimated 
that each additional hour of surgery time doubles the risk of 
SSI; however, surgical time was not identified as a risk factor for 
SSI in a 2015 study.1

Tissue handling. Proper atraumatic tissue handling and instru-
ment use are also important in preventing infection. Traumatized 
tissue better supports bacterial growth and has impaired host 
defenses. Traumatized or necrotic tissue also has reduced oxygen 
content, which permits the growth of anaerobic bacteria. 

Classification Description Procedure Type (Examples) Infection Rate

Clean Nontraumatic, noninflamed operative wounds 
in which the respiratory, gastrointestinal, 
genitourinary, and oropharyngeal tracts are 
not entered

Exploratory laparotomy
Elective neuter
Total hip replacement
PDA

2.0%–4.9%a; 2.6% (tibial 
tuberosity advancement), 
3.5% (elective joint 
surgery),10% (total hip 
replacement)b; 13% tibial 
plateau leveling osteotomyc

Clean contaminated Operative wounds in which the respiratory, 
gastrointestinal, or genitourinary tract is 
entered under controlled conditions without 
unusual contamination; an otherwise clean 
wound in which a drain is placed

Bronchoscopy
Cholecystectomy
Small intestinal resection
Enterotomy
Renal transplantation

3.5%–4.5%a; 26%d

Contaminated Open, fresh, accidental wounds; procedures 
in which gastrointestinal contents or 
infected urine is spilled or a major break in 
aseptic technique occurs

Bile spillage during cholecystectomy or 
biliary diversion procedures

Open cardiac massage
Cystotomy with spillage of infected urine
Lacerations

4.6%–9.1%a

Dirty Old traumatic wounds with purulent 
discharge, devitalized tissue, or foreign 
bodies; procedures in which a viscus is 
perforated or fecal contamination occurs

Excision or drainage of an abscess
Peritonitis
Perforated intestinal tract
Ruptured gallbladder caused by 

necrotizing cholecystitis
Bullae osteotomy for otitis media

6.7%–17.8%a

TABLE 9.3  Wound Classification System (National Research Council, Division of  
Medical Sciences)

aEugster S, et al. A prospective study of postoperative surgical site infections in dogs and cats. Vet Surg. 2004;33:542.
bWeese JS. A review of post-operative infection in veterinary orthopedic surgery. Vet Comp Orthop Traumatol. 2008;21:99. (Note: published infection rates for Total Hip 
Replacement vary from 1.3%–10%.)
cNazarali A, Singh A, Weese JS. Perioperative administration of antimicrobials during tibial plateau leveling osteotomy. Vet Surg. 2014;43:966.
dSchmiedt CW, Holzman G, Schwarz, et al. Survival complications, and analysis of risk factors after renal transplantation in cats. Vet Surg. 2008;37:683.
PDA, Patent ductus arteriosus.

NOTE  Prepare and handle propofol using strict aseptic technique. 
Discard any unused drug promptly.

Operating room conditions. OR practices (principles of aseptic 
technique, sterilization and disinfection, preparation of the 
surgical environment, gowning and gloving, and preparation of 
the surgical patient, operative site, and surgical team) are 
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important in preventing surgical wound infection and are dis-
cussed in Chapters 1 through 6. ORs should be designed with 
surfaces that are easily cleaned and with a minimum of horizontal 
open surfaces such as shelves. Protocols should be developed 
for effective cleaning and regular culturing of the OR surfaces 
(see Chapter 3), as well as other locations in the hospital, to 
screen for the growth of potential sources of nosocomial infec-
tions, particularly those due to resistant bacteria.

Estimates in human surgery suggest that 30% of SSIs are 
from airborne pathogens that may originate from either the 
patient, the OR personnel, or equipment and facilities. OR 
ventilation systems should be designed to provide 15 total air 
changes per hour with 3 air changes of outdoor air per hour 
(see Chapter 3). Increased personnel traffic provides increased 
sources of airborne bacteria and decreases effectiveness of the 
ventilation system by movement and opening and closing of the 
OR door; however, a 2015 prospective study based on CDC 
guidelines demonstrated no increase in SSIs with increases in 
personnel in the OR.1

Contamination rates of personnel (hands and surgical gloves) 
and facilities during small animal orthopedic procedures has 
been demonstrated to be as high as 80%.3 Yet in this study the 
bacteria responsible for SSI were most often not the same species 
as those that contaminated the personnel and equipment, sug-
gesting that the pathogenic bacteria that cause SSI are from 
outside the OR.

Implanted medical devices. Implanted medical devices (IMDs) 
are foreign substances used to support, rebuild, or in some  
fashion mimic the function of an anatomic structure (i.e., total 
hip replacement, polypropylene mesh, nonabsorbable suture, 
vascular prostheses, metallic implants, or polymethylmethacrylate 
bone cement). The risk of SSI is 5.6 times greater in dogs with 
IMDs than in those without.1 Antibiotic treatment of SSI in 
patients with IMDs is seldom successful until the implant is 
removed because implants inhibit medications and defense 
mechanisms from reaching bacteria, partly because of the forma-
tion of biofilms. Biofilm forms when bacteria, particularly S. 
pseudintermedius, adhere to surfaces and begin to excrete an 
extracellular matrix and form a bacterial aggregate. Once anchored 
to a surface, biofilm microorganisms are extremely resistant to 
antibiotics.

PROPHYLACTIC AND THERAPEUTIC  
USE OF ANTIBIOTICS
Prophylactic Use of Perioperative Antibiotics
Surgical antibacterial perioperative prophylaxis is defined as a 
brief course of antibacterial medications administered imme-
diately before a surgical procedure in a patient without a current 
infection.4 The mechanism of prevention of SSIs is the reduction 
in the bacterial load at the surgical site to aid the patient’s normal 
defenses. For this to happen, the drugs must be present at the 
surgical site during the time of potential contamination. Antibiot-
ics are not a substitute for proper aseptic technique, meticulous 
and atraumatic tissue handling, careful hemostasis, judicious 
use of sutures, preservation of blood supply, elimination of dead 
space, and anatomic apposition of tissues.

Indications for Prophylactic Antibiotics
Clean Wounds
Prophylactic antibiotics are not indicated for most clean proce-
dures; exceptions include placement of an implant or where 

BOX 9.2  Examples of Surgical Procedures 
That Warrant Perioperative Prophylactic 
Antibiotics

General Indications
•	 Surgery time >90 minutes
•	 Prosthesis implantation (e.g., mesh, pacemaker, vascular prosthesis, 

bone cement)
•	 Patients with a preexisting prosthesis (e.g., total hip, pacemaker, bone 

cement) undergoing surgical procedures (e.g., dental prophylaxis, 
traumatic wounds, colorectal surgery)

•	 Severely infected or traumatized wounds

Orthopedic Procedures
•	 Total hip replacement
•	 Open fracture repair
•	 Extensive fracture repair
•	 Other elective procedures

Respiratory Procedures
•	 Resection of infected lung lobe or lobes
•	 Closure of esophagobronchial fistula

Gastrointestinal Procedures
•	 Colonic anastomosis or colectomy
•	 Strangulation or obstruction
•	 Pancreatic abscess
•	 Gastric resection for gastric dilation-volvulus
•	 Anal and rectal surgery
•	 Esophageal surgery
•	 Perineal herniorrhaphy
•	 Hepatobiliary surgery with infection

Urogenital Procedures
•	 Renal, ureteral, bladder, or urethral surgery with infected urine

infection could be catastrophic. Infection may be life-threatening 
in an athletic animal that can no longer perform. In small  
animal patients undergoing surgeries where the procedure is 
categorized as “clean,” no significant difference is generally  
seen in the SSI rate between those that receive appropriate 
perioperative antibiotic prophylaxis and those that receive no 
antibiotic prophylaxis; however, additional studies are needed. 
There are conflicting data on whether prophylactic antibiotics 
reduce infections in clean procedures when an implant is being 
placed; however, most studies suggest that their use may reduce 
infections in these circumstances, and their use is seemingly 
warranted.

Clean-Contaminated and Contaminated Wounds
Prophylactic antibiotics are indicated for clean-contaminated 
and contaminated procedures. Surgical procedures warranting 
use of prophylactic antibiotics are listed in Box 9.2.

Obviously, the bacteria most likely to be responsible for 
infection should be susceptible to the antibiotic used. Antibiotic 
selection should be based on clinical experience plus what is 
known about the microbiology of tissues involved. The goal is 
to use an antibiotic that is effective against at least 80% of the 
probable pathogens. Unfortunately, the ability to predict what 
antibiotic bacteria will be sensitive to is becoming increasingly 
limited due to widespread resistance.
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TABLE 9.4  Organisms Most Commonly 
Isolated From Various Body Systems
Procedure, System, or Condition Likely Pathogens

Thoracic surgeries (pulmonary and 
cardiovascular procedures)

Staphylococcus spp., 
gram-negative bacilli

Orthopedic surgeries (e.g., total hip 
replacement, prolonged internal 
fixation)

Staphylococcus spp.

Gastric and upper intestinal surgeries 
(high-risk patients)

Gram-positive cocci, 
enteric gram-negative 
bacilli, anaerobes

Biliary tract surgeries (high-risk 
patients)

Enteric gram-negative 
bacilli, anaerobes

Colorectal surgeries Enteric gram-negative 
bacilli, anaerobes

Urogenital system (e.g., with 
pyometra, endometritis)

Escherichia coli, 
Streptococcus spp., 
anaerobes

Deep, penetrating wounds (e.g., 
wounds <6 hours old, bite wounds)

Anaerobes, facultative 
bacteria

Dentistry (patients with valvular heart 
disease)

Staphylococcus spp., 
Streptococcus spp., 
facultative bacteria, 
anaerobes

BOX 9.3  Considerations for Selection and 
Administration of Prophylactic Antibiotics

Antibiotic Selection
•	 Determine system involved and most likely organism (see Table 9.4)
•	 Cefazolin attains appropriate concentrations to prevent bacterial growth 

of the most common contaminants

Timing of Antibiotic Administration
30 minutes to 1 hour before first surgical incision

Cefazolin Dose
22 mg/kg

Routes of Antibiotic Administration
Intravenous; may repeat every 90 minutes depending on length of surgery

Duration of Antibiotic Administration
Discontinue immediately after closure of surgical wound or within  

24 hours

Prophylactic use of antibiotics should also be considered for 
surgical patients predisposed to infections at sites other than 
the surgical incision. Specifically, the use of perioperative antibiot-
ics may decrease the incidence of urinary tract infections in dogs 
undergoing surgery for intervertebral disc disease.

Dirty Wounds
Dirty wounds are considered to be infected at the time of  
surgery. Prophylactic antibiotics are indicated, and selection 
should be based on the anticipated infecting organisms. Dirty 
wounds may also be treated with antiseptics such as 0.05% 
chlorhexidine solution (see Chapter 5), although knowledge of 
the individual tissue response to antiseptics is important prior 
to their use.

Selection and Timing of Prophylactic Antibiotics
Antibiotics chosen for surgical prophylaxis should have dem-
onstrated efficacy against the anticipated bacterial contaminants. 
This will vary with the type and location of the surgical wound. 
The pathogens usually responsible for postoperative wound 
infection in small animal surgical patients are Staphylococcus 
spp. (especially S. pseudintermedius), E. coli, and Pasteurella spp. 
(especially in cats). In a prospective study of 846 dogs, culture-
confirmed SSIs were comprised of 64% MRSP, 21% MRSA, and 
15% methicillin-susceptible S. pseudintermedius. Only 26% of 
the culture-confirmed SSIs were susceptible to perioperative 
antibiotics.1 In another study where S. pseudintermedius was also 
the most common isolate, most isolated pathogens were without 
acquired microbial resistance and MDR was uncommon.5 The 
later study found only three cases of MRSP (1% of all isolates), 
one of extended spectrum β-lactamase producing E.coli infection, 
and no MRSA infections. The organisms most likely associated 
with surgical procedures are listed in Table 9.4 according to body 
system. Special considerations in the selection and administration 
of prophylactic antibiotics are presented in Box 9.3. Cefazolin 
has no adverse effects on platelet aggregation, bleeding time, 
platelet count, platelet size, prothrombin time, or activated partial 
thromboplastin time and therefore is a good choice for use as 
a perioperative antibiotic in dogs with conditions predisposing 
them to hemostatic complications. Intravenous prophylactic 
antibiotics should be given no earlier than 30 to 60 minutes 
before the first surgical incision, and they should optimally be 
discontinued at or within 24 hours of the end of the procedure 
(see Box 9.3). Because many bacterial isolates that are “sensitive” 
now have an MIC approaching the threshold of susceptibility, 
it is generally appropriate to use the higher end of the antibiotic 
dose. For time-dependent drugs (e.g., β-lactams), the interval 
for dosing may need to be shortened. For example, cefazolin 
should probably be readministered at less than 2-hour intervals 
during the procedure.

Route of Administration
In general, IV administration of prophylactic antibiotics is 
indicated; however, there is increasing use of topical and local 
antimicrobial prophylaxis in human medicine. Advantages of 
local antibiotic administration include high concentrations  
at the site of infection, a potential for reduced systemic toxicity, 
and perhaps a reduced risk of antimicrobial resistance.4 Methods 
of delivery include installation of ointment, creams, powders, 
or gels; intraoperative flushing of the wound or cavity,  
local injections, and antibiotic impregnated or coated beads or 
implants. Many of these techniques appear promising; however, 

clinical trials in veterinary medicine are scarce and efficacy  
is as yet undetermined. The use of antibiotic-impregnated bone 
cement (PMMA) is common in cemented total joint arthroplasty 
in dogs. Antibiotic elution from bone cement is bimodal with 
a rapid initial release followed by a slower release that may  
last for several months. The efficacy of antibiotic impregnated 
cement in veterinary total joint replacement has not been evalu-
ated, but its continued use is justified based on human meta-
analysis studies demonstrating a significant decrease in the risk 
of SSIs. The use of antibiotic-impregnated PMMA or calcium 
sulfate beads in small animals for the treatment of infections is 
uncommon, and there is limited information regarding efficacy; 
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however, their use may be justified in cases of severe orthopedic 
infections. Caution is advised when using antibiotic-impregnated 
collagen sponges, as they may increase the risk of SSI. In humans 
undergoing abdominal surgery, the evidence suggests that the 
application of topical antibiotics should only be considered in 
morbidly obese patients undergoing laparotomy where the local 
application of kanamycin has been shown to be of potential 
benefit.6

Use of Prophylactic Antibiotics Postoperatively
Administering prophylactic antibiotics postoperatively is com-
monplace in both human and veterinary medicine. The widespread 
use of medications in this manner likely contributes to the 
development of antibiotic resistance. The CDC and the European 
Center for Disease Prevention and Control both recommend 
against the use of prophylactic postoperative antibiotics because 
of conflicting studies regarding their efficacy and their potential 
contribution to antibiotic resistance.

Three recent studies7–9 demonstrated a reduction in SSI in 
dogs following clean procedures where a medical device was 
implanted when prophylactic antibiotics were used postopera-
tively. One study of 97 dogs demonstrated a reduction in SSI 
from 21% to 4% when prophylactic antibiotics were used 
postoperatively (oral cephalexin or amoxicillin for 7 days9). A 
study by Andrade et al. showed no difference in SSI when 
prophylactic antibiotics were used postoperatively (cephalexin, 
cefpodoxime, amoxicillin, metronidazole, or clindamycin for 
10–14 days).3 The increased risk of SSI in clean procedures with 
IMDs may justify the use of postoperative prophylactic antibiotics 
in these cases; however, the risk/benefit ratio of such use should 
be considered, especially given the negative effects of such usage 
on the local (hospital and patient bacterial resistance) and global 
environment.

Therapeutic Antibiotics for Existing Infections
Therapeutic use of antibiotics is based on clinical judgment, 
knowledge of the antibiotic’s mechanism of action (see previous 
discussion), and microbiologic factors. The goal is to choose a 
drug that (a) is selectively active for the most likely infecting 
microorganism(s), (b) has minimal toxicity to the host, (c) kills 
bacteria at the site of infection, (d) does not negatively influence 
the host’s immune system, and (e) does not promote generation 
of resistance. Therapeutic antibiotics are indicated in surgical 
patients with a systemic infection (i.e., septicemia or bacteremia); 
when infection is present at the surgical site or in a body cavity 
(i.e., wound infection, pyothorax, or abdominal abscess); or with 
any contaminated or dirty surgical procedure listed in Box 9.2. 
In general, antibiotic therapy is instituted before surgery and 
continued for at least 2 to 3 days after apparent resolution of 
the infection; the maximum duration of therapy depends on 
the drug’s toxicity and the disease being treated.

The larger the inoculum at a given site, the less likely the 
success of the antibiotic therapy. More bacteria mean (a) there 
may be more enzymes present promoting resistance (e.g., 
β-lactamases), (b) it will require a greater volume of antibiotics 
to affect all the bacteria, and (c) there is more possibility of 
resistance developing to the drugs used. Hence it is important 
to make the first exposure of the bacteria to the antibiotics  
be as effective as possible (i.e., achieve as high a drug level  
at the site as possible). Special considerations in the selection 
and administration of therapeutic antibiotics are listed in  
Box 9.4.

BOX 9.4  Considerations for Selection and 
Administration of Therapeutic Antibiotics

Antibiotic Selection
•	 Determine system involved and most likely pathogen, to establish 

primary therapy (see Table 9.4).
•	 Obtain representative samples for cytologic studies and culture and 

susceptibility testing (e.g., fluid, tissue, implants, necrotic debris). It 
is best to obtain samples for culture before administering antibiotics, 
if this wait does not put the patient at inappropriate risk.

•	 Ensure that antibiotic reaches target tissue.
•	 If several antibiotics are effective, select the one that is least expensive, 

least toxic, and most convenient to administer. If the patient will be 
discharged while still receiving antibiotics, it is often best to choose 
an orally administered drug.

Timing of Antibiotic Administration
As soon as samples have been obtained, begin empiric antibiotic therapy.

Dose
Follow recommended doses carefully.

Routes of Antibiotic Administration
Treat for 2–3 days and then reassess animal’s condition; if improving, 

continue therapy; if not improving, reevaluate and consider changing 
antibiotics.

Duration of Antibiotic Administration
Duration depends on effect of antibiotic, toxicity, and disorder being 

treated.

The success of antibiotic therapy is assessed by observing the 
patient’s response for the first 2 to 3 days of therapy. If the 
animal’s condition has not improved by then, the antimicrobial 
therapy must be questioned. One should investigate whether 
the original diagnosis is correct; the culture and sensitivity results 
are accurate; the pathogen is susceptible to the antibiotic; the 
proper dosage, route, and frequency are being used; a foreign 
body or undrained focus of infection is present; a new infection 
is superimposed on the original infection; and/or the host’s 
defense mechanisms are compromised. With most surgical 
infections, antibiotic therapy needs adjunctive therapy to be 
effective. This may mean drainage of accumulations of serum, 
pus, or blood from surgical wounds or body cavities; concurrent 
debridement of necrotic tissue; continued lavage of infected 
wounds; removal of foreign bodies or infected implants; removal 
of urinary calculi; removal of pus from an abdominal abscess; 
debridement of chronic osteomyelitis; or drainage of suppurative 
arthritis.
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Nutritional Management of the 
Surgical Patient

10 

Care of the surgical patient does not end when the procedure is 
finished. Postoperative care of surgical patients impacts the ultimate 
outcome; it may even determine survival with critical patients. 
Postoperative care involves monitoring vital signs, normalizing 
homeostasis, controlling pain (see Chapter 13), and recognizing 
complications early. Early recognition of potentially catastrophic 
conditions facilitates treatment and outcome. Recommendations 
for postoperative care are included throughout this textbook, with 
information on the management of specific diseases included in 
the relevant sections on postoperative care and assessment.

An important component of postoperative care is nutritional 
support of debilitated or hyporexic patients. Malnutrition is the 
progressive loss of lean body mass and adipose tissue because 
of inadequate intake of or increased demand for protein and 
calories. Possible consequences of protein-calorie malnutrition 
(PCM) are organ and muscle atrophy, impaired immunocom-
petence, ineffective wound healing, anemia, hypoproteinemia, 
diminished resistance to infection, and death. For these reasons, 
patients with PCM require nutrient supplementation.

Many conditions cause PCM, including starvation, hyporexia, 
malabsorption syndromes, severe trauma, surgical stress, sepsis, 
large surface area burns, and various malignancies. Surgery, 
postoperative complications, and surgically induced hyporexia 
also increase metabolic demand for protein and calories. PCM 
shows no age, sex, or breed predisposition; it is common in 
severely ill animals, with an incidence ranging from 25% to 65%.

Diagnosis of PCM is possible if three or more of the criteria 
listed in Box 10.1 are present. Physical examination may reveal 
poor hair coat, pressure sores or wounds that will not heal, tissue 
wasting, skeletal muscle atrophy, and/or emaciation. Additional 
physical findings depend on the cause of malnutrition. Thoracic 
and abdominal radiographs of malnourished patients are generally 
nonspecific. Imaging techniques occasionally reveal an underlying 
cause for the patient’s hyporexia or emaciation (e.g., intestinal 
obstruction, abdominal or thoracic mass). Biochemical changes 
with PCM may include hypoproteinemia, anemia, hypoglycemia, 
hyperglycemia, and/or hyperlipidemia. Other changes may be 
related to the underlying disease.

Nutritional supplementation should not be limited to malnour-
ished patients. Acutely ill patients with severe systemic disease (e.g., 
peritonitis) are unlikely to eat in the postoperative period. Inadequate 
food intake in critical patients causes catabolism of lean muscle 
tissue and leads to an acute malnourished state, as described previ-
ously. Patients that are mechanically unable to eat (e.g., maxillary/
mandibular fractures, oropharyngeal tumors) should also be 
evaluated for methods to provide adequate nutrition.

Hyperalimentation is the administration of adequate nutrients 
to malnourished patients or those at risk of malnutrition. Enteral 
hyperalimentation provides nutrients to a functional gastro-
intestinal tract by means of a nasoesophageal, pharyngostomy, 

esophagostomy, gastrostomy, or enterostomy tube. Parenteral 
hyperalimentation provides nutrients intravenously; total paren-
teral nutrition (TPN) provides 100% of an animal’s nutrient, 
protein, and caloric requirements; and partial parenteral nutrition 
provides only part of an animal’s nutritional needs. In small 
animal medicine, parenteral nutrition (PN) solutions are rarely 
formulated to fulfill all essential nutrient requirements. Therefore 
the terms central parenteral nutrition (CPN) and peripheral 
parenteral nutrition (PPN) have been generally accepted to reflect 
the route that PN is administered.

Specific treatment depends on the patient’s calculated energy 
needs, dietary formula chosen, and route of administration (i.e., 
enteral or parenteral). Basal energy requirement (BER) (also called 
resting energy requirement) is based on body weight. Traditionally, 
maintenance energy requirement is then determined by multiplying 
the BER by an arbitrary factor (Fig. 10.1) to accommodate for 
the presumptive increase in metabolism associated with the 
severity of the clinical problem (e.g., cage rest, postsurgical stress, 
trauma, cancer, sepsis, major burn). Recently, a more conservative 
approach of starting with BER is advocated to avoid overfeeding 
and subsequent complications. Such complications include 
hyperglycemia, gastrointestinal upset, hepatic dysfunction, and 
increased carbon dioxide production.

DIETS FOR ENTERAL USE
The ideal enteral dietary formula should be well tolerated, easily 
digested and absorbed, contain essential nutrients, be readily 
available and inexpensive, have a long shelf life, and be easy to 
use. The most cost-effective, well-balanced diets for enteral 
administration are those blenderized from prescription pet food 
or homemade diets. Caloric density and protein content vary 
with the diet chosen. Examples of blenderized diets and their 
compositions are given in Table 10.1. Blenderized diets can be 
administered through tubes with a diameter of size 8 French 
(Fr) or larger; a commercially available liquid diet is recommended 
when feeding through smaller diameter tubes (e.g., 5 Fr).

Liquid diets should be isotonic (i.e., approximately 
300 mOsm/L), have a caloric density of approximately 1 kcal/
mL, include fiber at 1 to 1.5 g/100 kcal, provide approximately 
16% of total calories as protein (i.e., protein content of at least 
4 g/100 kcal), and approximately 30% as fat. Liquid diets for 
enteral use are generally categorized as monomeric (elemental) 
or polymeric. Monomeric diets use small-molecular-weight 
compounds for nutrients such as crystalline amino acids as the 
protein source, glucose and oligosaccharides as the carbohydrate 
source, and medium- or long-chain triglycerides as the essential 
fatty acid source. These diets generally have approximately twice 
normal osmolality and are primarily used in patients with 
malabsorptive gastrointestinal disorders (e.g., short bowel 
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ABSTRACT
Providing nutrition to surgical patients that are debilitated or 
hyporexic may influence survival of these critical patients; 
however, nutritional supplementation should not be restricted 
to these patients. Acutely ill animals who are unlikely to eat in 
the postoperative period should also have adequate nutrition 
provided.
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syndrome, severe inflammatory bowel disease). A commonly 
used commercially available monomeric elemental diet for 
humans is Vivonex T.E.N. (Nestle Health Science; Table 10.2). 
Vivonex is low fat and lactose free, but it should only be used 
in dogs for short-term treatment due to protein levels that are 
too low to support the nitrogen and amino acid requirements 
of dogs and cats.

Polymeric enteral diets contain complex large-molecular-weight 
proteins, carbohydrates, and fats. These diets approach isotonic 
osmolality, require normal gastrointestinal digestive processes, 
supply approximately 1 kcal/mL, and are more economical than 
monomeric diets. They include blenderized diets, commercially 
available partially hydrolyzed diets, and commercially available 
liquid diets (see Tables 10.1 and 10.2). Commercial polymeric 

•	 Weight loss of more than 10% normal body weight
•	 Anorexia or hyporexia (i.e., suboptimal intake of nutrients) for >5 days 

or an expected decrease in nutrient intake of >5 days
•	 Increased nutrient loss (e.g., through vomiting, diarrhea, severe wounds, 

or burns)
•	 Increased nutrient needs (e.g., due to trauma, surgery, infection,  

burns, or fever)
•	 History of chronic illness
•	 Serum albumin concentration ≤2.5 g/dL

BOX 10.1  Diagnosis of Protein-Calorie 
Malnutritiona

aThese are findings that suggest protein-calorie malnutrition (PCM). The more of 
these findings that are present, the more likely it is that PCM is present. However, 
not all of these will be found in a patient with PCM, and not every patient with one 
of these findings will have PCM.

Homemade Diets
Liquid Diet for Dogs
Ingredients Nutrient Availability
1 jar (2.5 oz) baby food 1 kcal/mL
1 cooked egg
15 mL corn oil
15 mL corn syrup
100 mL water

Liquid Diets for Cats
Ingredients Nutrient Availability
Equal parts egg yolk, strained baby food, and water 1.1 kcal/mL
3 oz egg yolk 1.5 kcal/mL
3 oz strained baby food
3 oz water
1 tsp cooking oil
1 T corn syrup

Prescription Diets
Product Amount Amount of Water Added Protein Content Fat Content

(kcal/mL) (g/100 kcal) (g/mL) (g/100 kcal)
Feline a/d 1 cana none 1.2 8.75 0.105 5.5

1 cana 1 canc 0.6 4.38 0.053 2.75
Feline p/d 1

2 canb 3
4 cupd 0.8 9.29 0.074 6.22

Feline k/d 1
2 canb 11

4 cupe 0.9 4.36 0.039 7.54
Feline c/d 1

2 canb 11
4 cupe 0.62 8.87 0.055 5.96

Canine a/d 1 can None 1.2 8.75 0.105 5.5
1 can 1 can 0.6 4.38 0.053 2.75

Canine k/d 1
2 can 11

4 cupe 0.62 3.06 0.019 5.29
Canine i/d 1

2 can 11
4 cupe 0.57 5.86 0.033 3.41

Preparation of Prescription and Homemade Diets
Mix the appropriate quantity of each ingredient (see chart).
Blend at high speed for 60 seconds.
Strain twice through kitchen strainer (1-mm mesh).

Advantages
Provides all required nutrients, low cost, appropriate protein and branched-chain amino acid content, normal stool consistency, manageable 

viscosity for 8 Fr catheter or larger.

Disadvantages
Cannot be used if the lumen diameter of the feeding tube is smaller than 8 Fr.

TABLE 10.1  Blenderized Diets for Dogs and Cats

a1 can is equal to 156 g.
b 1

2 can is equal to 224 g.
c1 can is equal to 156 mL.
d3

4 cup is equal to 170 mL.
e11

4 cup is equal to 284 mL.
Modified from Zsombor-Murray E, Freeman LM. Peripheral parenteral nutrition. Compend Cont Educ Pract Vet. 1999;21:512–523.
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Calculate basal energy requirement (BER)

             Animals less than 2 kg body weight: 70 �( 0.75 )
body weight (kg)         

30 � �

body weight (kg)

factor

Animals more than 2 kg body weight:

Calculate maintenance energy requirement (MER)

              Associated clinical problems          Factor

              Cage rest              1.00 - 1.25
              Postsurgical stress                  1.25 - 1.35
 
              Trauma or cancer              1.35 - 1.50
     
              Sepsis                   1.50 - 1.70
              Major burns                               1.70 - 2.00 

Calculate volume of formula required (See Tables 10.1 and 10.2 for formula composition.)

                                                                                                   

chosen
BER

(kcal/day)
MER

(kcal/day)

name of formula chosen              

name of formula chosen

Calculate protein requirement

              Species           Maintenance   Hepatic or renal failure

              Canine:          5.0 - 7.5 g/100 kcal   � 3.0 g/100 kcal
              Feline:          6.0 - 9.0 g/100 kcal    � 4.0 g/100 kcal  

protein   
requirement

chosen
g/100 kcal

MER
(100 kcal/day)

protein
requirement

(g/day)

protein   
requirement

(g/day)

protein
provided
(g/day)

supplemental
protein required

(g/day)

Calculate needed protein supplementation if required

protein
content
(g/mL)

mL of
formula
per day

protein provided
(g/day)

0.76 g protein    �
per g ProMod

grams of
ProMod
per day

� �

��

� � �

�

� �

�

MER
(kcal/day)

kcal/mL mL of formula
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FIG. 10.1  Formulas used to calculate basal and maintenance energy requirements for dogs  
and cats. 
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Product
Caloric Content 
(kcal/mL)

PROTEIN CONTENT Fat Content 
(g/100 kcal)

Osmolality 
(mOsm/kg)(g/100 kcal) (g/mL)

Polymeric Diets
Clinicare canine/feline 1.00 8.2 0.082 4.6 340

Monomeric Dietsb

Vivonex RTF 1.00 5.0 0..05 1.16 630
Vital HN 1.00 4.7 0.042 1.08 500

TABLE 10.2  Commercially Available Diets and Their Compositiona

aThese figures should be used for the energy requirement calculations in Fig. 10.1.
bThere are no monomeric or elemental liquid diets available for dogs and cats. The products listed are for human use and, although they might be indicated for severe 
gastrointestinal disease or demonstrated intolerance of a polymeric diet, they lack essential nutrients for dogs and cats and should only be used short-term or they require 
supplementation. They are rarely used in veterinary medicine.

diets are available in a variety of osmolalities, caloric densities, 
and compositions (see Table 10.2). These diets are indicated for 
malnourished patients with intact digestive and absorptive functions 
or those suspected of having food allergies. These diets also should 
be used for patients that must be fed through small-diameter 
tubes, such as nasoesophageal, gastroduodenostomy, or enterostomy 
tubes. Polymeric liquid enteral diets have been shown to be effective 
for nutritional support in critically ill and injured animals.

DIETS FOR PARENTERAL NUTRITION
Diets available for CPN should be customized to meet an animal’s 
protein, carbohydrate, and fat requirements; caloric needs are 
calculated as described in Fig. 10.1. A common composition is 
8.5% amino acids with electrolytes (protein source), 10% to 
20% lipids (fat source), and 50% dextrose (carbohydrate source). 
B-complex vitamins are added at 1 to 2 mL/L.

Diets for PPN are made with the same ingredients used for 
CPN except that the osmolarity of PPN solutions is diluted by 
using sterile water or by reducing the amount of dextrose in 
order to prevent thrombophlebitis. As a result, the caloric density 
of these solutions is reduced.

The clinical use of ready-made PN solutions in veterinary 
medicine has recently been described. These formulas do not 
require compounding and tend to be less expensive. Vamin 9 
(Fresenius Kabi) is a lipid-free formula that was evaluated in 70 
dogs.1 Metabolic complications were frequent, but only hyperka-
lemia was associated with a negative outcome. Mechanical complica-
tions were common when this solution was administered through 
a peripheral vein. Procalamine is a lipid-free, moderately hyper-
osmolar solution that was evaluated in 36 dogs.2 Hyperkalemia 
was not noted in this study; however, other electrolyte disturbances 
were common, particularly hyponatremia and hyperglycemia.

In vitro studies have shown that PN formulas do not directly 
contribute to colloid oncotic pressure; however, PN has been 
shown to positively affect nitrogen balance, wound healing, and 
the patient’s recovery. Possible problems include catheter manage-
ment (i.e., sterile placement, maintaining sterility of the catheter 
entrance, and routine changing of infusion sets), expensive 
equipment (i.e., infusion pump), expensive feeding formulas, 
technical problems (i.e., routine patient monitoring during 
administration, proper diet preparation, and storage), metabolic 
complications, and sepsis. Hyperglycemia was the most common 
metabolic complication noted in one veterinary study.3 In addition, 
if the gastrointestinal tract is not adequately stimulated by luminal 
nutrients and hormonal or neurovascular mechanisms, the 

intestines and pancreas may atrophy. Intestinal mucosal com-
promise predisposes the intestinal mucosa to bacterial translocation 
into the portal circulation and could theoretically lead to sepsis. 
In general, these problems make parenteral hyperalimentation 
much less desirable than enteral hyperalimentation.

ENHANCING APPETITE
Oral feeding is preferable to parenteral nutrition if adequate 
nutrients can be consumed to meet protein and caloric require-
ments. Several techniques have been used successfully to encourage 
an animal to eat. If the owners can manage the patient at home, 
the likelihood of eating is higher in a familiar environment. 
Petting and vocal reassurance are also helpful, albeit time consum-
ing. Highly palatable foods or food coverings, such as gravy, may 
stimulate the appetite, and warming foods increases aroma  
and palatability. Supplementing potassium (i.e., 2–44 mEq/day  
potassium gluconate for dogs, depending on size; 2–5 mEq/ 
day for cats), vitamin B complex (in maintenance fluids), and/
or zinc may also increase appetite. Pharmacologic appetite 
stimulants are available; currently only mirtazapine and cypro-
heptadine are recommended for use (Box 10.2).4 Cyproheptadine 
stimulates appetite through antagonism of serotonin (5-HT2) 
receptors in the ventromedial hypothalamus. It is metabolized 
in the liver and therefore not recommended for cats with hepatic 
lipidosis. Mirtazapine antagonizes presynaptic alpha-2 receptors, 

Mirtazapine (Remeron)a

Cats: 1.9 mg/cat PO q24h: range is 1.875–3.75 mg PO q24–48h
Dogs: 0.5 mg/kg PO q24h: this usually equates to 3.75–7.5 mg PO q24h

Cyproheptadine (Periactin)
Cats: 2 mg/cat PO

Capromorelin (Entyce)
Dogs: 3 mg/kg PO qd for 4 d
Cats: FDA approval expected in 2018b

BOX 10.2  Drugs Used as Appetite 
Stimulants

PO, Orally; q, every.

aPreferred pharmacologic appetite stimulant in cats and dogs. This drug may have 
dangerous interactions with other drugs, especially those that can cause a “serotonin 
storm” such as cytochrome P450 inhibitors (ketoconazole, cimetidine, macrolides), 
furazolidone, monoamine oxidase inhibitors, amitriptyline, and warfarin.
bEmesis, hypersalivation, lethargy/depression, head shaking, and lip smacking may be 
seen in cats after administration, but these signs generally resolve within 5 minutes.
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causing an increase in norepinephrine, but also antagonizes 
5-HT2 receptors. Mirtazapine has been shown to be an effective 
appetite stimulant and antiemetic in cats with chronic kidney 
disease.5 Ghrelin receptor agonists (e.g., capromorelin) have 
recently been approved as appetite stimulants in dogs. Initial 
observations suggest they are usually effective.

METHODS OF PROVIDING HYPERALIMENTATION
Parenteral Nutrition
For placement of CPN catheters, patients should usually be 
sedated or anesthetized.

Insert a 16-gauge, 18-cm, single- or double-lumen silicone 
elastomer catheter into the right or left external jugular vein. Position 
the catheter tip in the cranial vena cava and create a subcutaneous 
tunnel such that the catheter hub emerges on the dorsum of the 
neck. Anchor the catheter to the vein, to subcutaneous tissue along 
the tunnel, and to skin at the exit point with 4-0 to 5-0 nonabsorb-
able monofilament suture. Attach an extension set to the catheter 
hub, and bandage the catheter in place with sterile gauze, cast 
padding, and self-adherent wrap. After each use flush the catheter 
with heparinized saline (0.9% sterile saline with 1 IU/mL heparin). 
Remove the neck bandage every 2 days, clean the catheter entrance 
site with povidone-iodine or chlorhexidine solution, change the 
administration set, and apply a new bandage.

NOTE  Designate the catheter as a dedicated-use or sole-use catheter 
and do not use it for obtaining blood samples or administering other 
medications unless there are severe extenuating circumstances.

BOX 10.3  Tube Diameter Used Based on 
Route of Administration of Enteral Diets

5 Fr Tube Diameter
•	 Nasoesophageal (cats, dogs <15 kg)
•	 Enterostomy (cats, dogs <15 kg)

8 Fr Tube Diameter
•	 Nasoesophageal (dogs >15 kg)
•	 Enterostomy (dogs >15 kg)

16 Fr or Larger Tube Diameter
•	 Pharyngostomy
•	 Esophagostomy
•	 Gastrostomy

BOX 10.4  Recommended Tube Sizes for 
Nasoesophageal Placement
Cats, dogs <15 kg: 5 Fr × 91 cm
Dogs >15 kg: 8 Fr × 91 cm

PPN is administered through a catheter in a small peripheral 
vein. Although a dedicated catheter is ideal, it is not as critical 
with PPN as it is with CPN. PPN is generally administered short 
term (e.g., <5 days) to nondebilitated patients that are unable 
to tolerate full enteral feeding.

Enteral Hyperalimentation
Enteral hyperalimentation is practical, safe, easy, economical, 
physiologic, well tolerated, and has minimal morbidity in patients 
with a functional gastrointestinal tract. Enteral hyperalimentation 
is indicated in any animal with overt or impending PCM. Such 
patients include those that are hypermetabolic (e.g., patients with 
severe burns, sepsis, postsurgical stress, trauma, or cancer) and 
those with chronic hyporexia or malnutrition, as evidenced by a 
greater than 10% loss of normal body weight. Enteral hyperali-
mentation can also be used whenever 3 to 5 days of anorexia are 
anticipated, such as after oral, pharyngeal, esophagogastric, 
duodenal, pancreatic, or biliary tract surgery; during postoperative 
management of septic or cancer patients (particularly if chemo-
therapy is instituted); and when the patient’s mental status prevents 
self-feeding, such as with head trauma or after brain surgery.

Although enteral hyperalimentation is desirable for most 
patients with actual or pending PCM, infusion of nutrients into 
the intestines may be ineffective or even contraindicated in 
patients with small bowel obstruction that cannot be resolved 
and those with very severe and persistent adynamic ileus. In 
these patients, enteral feeding may worsen vomiting or diarrhea. 
Parenteral nutrition should be considered in such instances.

In general, oral alimentation is more efficient, easier, safer, and 
allows greater flexibility in formula composition. The further aboral 
materials are delivered, the less efficient the assimilation and 

digestion of nutrients and the greater the care necessary in choosing 
formula composition. Route of administration dictates feeding 
tube diameter (Box 10.3), which in turn dictates the usable feeding 
formulas. The most common routes of administration for enteral 
hyperalimentation are nasoesophageal, nasogastric, esophagostomy, 
gastrostomy, gastroduodenostomy, and enterostomy tubes. The 
need for pharyngostomy tubes have been largely replaced by 
esophagostomy tubes. Each route has its indications, contraindica-
tions, advantages, disadvantages, and complications.

Nasoesophageal and Nasogastric Intubation
Nasoesophageal (NE) and nasogastric (NG) tubes are a primary 
means of short-term enteral nutrition in most veterinary patients. 
NE and NG intubation is easy, effective, and efficient. The avail-
ability of small-bore, soft rubber (polyvinyl chloride), and Silastic 
feeding tubes (i.e., 5 Fr) and of low-viscosity, nutritionally complete 
liquid diet formulations (see Table 10.1), in addition to patient 
tolerance of tube placement, have made NE and NG feeding 
popular. Advantages of NE and NG tubes include ease of place-
ment, acceptance by most patients, ease of tube care and feeding, 
patients’ ability to eat and drink around the tube, and flexibility 
that allows tube removal an any time after placement. In addition, 
NG tubes provide a means for gastric decompression. The major 
disadvantages of NE and NG tubes are the small tube size, 
inadvertent tracheal placement, and premature removal by the 
patient. Feeding can be accomplished through continuous rate 
infusion or bolus feedings because no difference has been shown 
with the incidence of gastrointestinal or mechanical complications. 
A patient may occasionally vomit out or regurgitate the tube. 
Light general anesthesia may be necessary to place these tubes, 
but a topical anesthetic or light sedation is usually sufficient.

Instill proparacaine hydrochloride (0.5–1 mL; 0.5%) into the 
nasal cavity and elevate the head to encourage the anesthetic to 
coat the nasal mucosa (Video 10.1). Repeat the application to ensure 
adequate anesthesia of nasal mucous membranes. If the patient will 
not tolerate nasal intubation, consider topical lidocaine (e.g., 1–2 mL 
of 2% lidocaine), heavy sedation, or light general anesthesia. Select 
an appropriate-sized feeding tube (Box 10.4). For NE tubes, estimate 
the length of tube to be placed in the esophagus by measuring the 
tube from the nasal planum, along the patient’s side, to the seventh 
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or eighth intercostal space. For NG tubes, measure the tube from 
the nasal planum, along the patient’s side, to the last rib. Place a 
tape marker on the tube once the appropriate measurement has 
been taken. Before passing the tip of the tube, lubricate it lightly 
with 5% viscous lidocaine and hold the patient’s head in a normal 
functional position (i.e., avoid hyperflexion or hyperextension). Identify 
the prominent alar fold and direct the tube from a ventrolateral 
location in the external nares to a caudoventral and medial direction 
as it enters the nasal cavity (Fig. 10.2). When the tube has been 
introduced 2 to 3 cm into the nostril, contact with the median 
septum at the floor of the nasal cavity can be felt. Push the external 
nares dorsally to facilitate opening of the ventral meatus. Elevate 
the proximal end of the tube and advance it into the oropharynx 
and esophagus. It will generally “drop” into the oropharynx and 
stimulate a swallowing reflex. Several methods can be used to 
confirm placement in the esophagus or stomach: (1) check for 
negative pressure, (2) inject 3 to 5 mL of sterile saline through 
the tube and see if a cough is elicited, (3) inject 6 to 12 mL of 
air and auscultate for borborygmus at the xiphoid, (4) connect 
the tube to a capnograph, (5) check the pH of aspirated fluid, or 
(6) confirm tube placement using a lateral thoracic radiograph. 
If the patient requires general anesthesia, correct tube placement 
can be visually confirmed using a laryngoscope. Once satisfied 
that the tube has been properly placed, suture it to the nose and 
head to prevent removal by the patient using 3-0 monofilament 
nonabsorbable suture (e.g., nylon). In cats, it is important that the 
tube is not in contact with the whiskers; position it directly over the 
dorsal aspect of the nose and forehead (Fig. 10.3), and secure it with 
a Chinese finger-trap friction suture (see p. 924). In dogs, secure the 
tube to the lateral aspect of the nose and dorsal nasal midline with 
a Chinese finger-trap friction suture or cyanoacrylate glue. Place a 
column of water in the tube before capping it to prevent air intake, 
reflux of esophageal contents, or occlusion of the tube by diet.

FIG. 10.2  Direct the nasoesophageal tube from ventrolateral in 
the external nares to caudoventral and medial as the tube enters 
the nasal cavity. 

FIG. 10.3  In cats, secure nasoesophageal feeding tubes to the 
dorsal nasal midline and forehead. 

NOTE  Use an Elizabethan collar immediately after surgery until it 
is determined if the patient will tolerate the NE or NG feeding tube.

When comparing the use of NE versus NG tubes in dogs, NE 
tubes tended to be implemented in younger dogs.6 There was 
no difference in the overall low complication rate between NE 
and NG tubes.

Nasojejunal Tubes
Direct intestinal feeding can be accomplished through placement 
of long, weighted nasojejunal tubes for patients where gastric 
feeding is contraindicated or poorly tolerated. Fluoroscopy or 
endoscopy is required to ensure placement of the end of the 
tube beyond the duodenal flexure. As the tubes are slightly larger 
than what would be used for NG tubes, complications such as 
sneezing, nasal discharge, and vomiting are common.

Esophagostomy Tubes
Esophagostomy tubes are now the primary means of long-term 
enteral feeding in most veterinary patients. Esophagostomy feeding 
is indicated in hyporexic patients with disorders of the oral  
cavity or pharynx and those with a functional gastrointestinal 
tract distal to the esophagus. These tubes are contraindicated in 
patients with primary or secondary esophageal dysfunction,  
such as with esophageal stricture, postesophageal surgery, removal 
of an esophageal foreign body, or with esophagitis or mega-
esophagus. Advantages of esophagostomy tubes include ease of 
placement, acceptance by patients, placement of large-bore  
tubes that allow blenderized diets, ease of tube care and feeding, 
patients’ ability to eat and drink around the tube, and flexibility 
that allows tube removal any time after placement. Esophageal 
tube placement eliminates the coughing, laryngospasm, partial 
airway obstruction, and aspiration that can be associated with 
improperly placed pharyngostomy tubes. The major disadvantage 
of esophagostomy tubes is the need for general anesthesia for 
tube placement.

Anesthetize the animal and place it in right lateral recumbency 
(left side uppermost) (Video 10.2). The tube may be placed on 
either the right or left side of the midcervical region; however, 
the esophagus lies left of the midline, making left-sided placement 
more desirable. Prepare the midcervical area from the angle of the 
mandible to the thoracic inlet for aseptic surgery. Premeasure a 16 
to 24 Fr polyvinyl chloride feeding tube from its insertion point to 
the level of the seventh or eighth intercostal space (ensuring mid-
esophageal to caudal-esophageal placement), and mark it. Alterna-
tively, have an additional tube of identical length available to assess 
length of placement of the original tube. Enlarge one lateral opening 
of the feeding tube to encourage smoother flow of a blended diet 
(Fig. 10.4) or cut the end of the tube off at an oblique angle. A curved 
Rochester-Carmalt is used for esophagostomy tube placement in 
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FIG. 10.4  For esophagostomy tube, enlarge the lateral openings 
of the tubes 3 to 4 mm to encourage a smooth flow of blended 
diets. 

A

B

C

FIG. 10.5  (A) ELD feeding tube placement device and stylet. (B) 
Activated spring-loaded blade (top) and stylet (bottom). (C) Complete 
trochar and cannula, disassembled, with a ruler to show length. 
(From Devitt CM, Seim HB III. Clinical evaluation of tube esopha-
gostomy in small animals. J Am Anim Hosp Assoc. 1997;33:55.)

cats and small to medium sized dogs; however, an ELD feeding 
tube placement device (Fig. 10.5) or similar product can be used 
in large dogs. Place the curved tip of the forceps through the oral 
cavity into the esophagus to the level of the midcervical region (i.e., 
equidistant from the angle of the mandible and the point of the 
shoulder). Palpate the tip as it bulges through the cervical skin. Make 
a small incision over the tip and push the forceps through the 
esophageal wall, subcutaneous tissue, and skin. Grasp the tube with 
the forceps, apply a small amount of lubricant, and pull the tube 
through the incision and out the oral cavity. Redirect the tube down 
the esophagus using forceps, a stylet, or digital manipulation. Confirm 
length of placement by location of the premarked area on the tube 
or by comparing to a tube of identical length. Secure the tube to the 
cervical skin using a Chinese finger-trap friction suture with 2-0 
monofilament nonabsorbable suture (e.g., nylon). Bandage the tube 
loosely around the neck. Place a column of water in the tube, and 
cap the exposed end.

Alternatively, for large dogs, use an ELD device instead of 
Rochester-Carmalt forceps. The ELD is placed through the oral 
cavity into the midcervical area of the esophagus. A small skin 
incision is made over the ELD tip as it protrudes through the 
skin. The spring-loaded blade is activated by pushing the plunger 
at the end of the handle. The trocar should be visible through 
the skin incision, but the tissues around it can be carefully dissected 
using a scalpel blade such that the entire shaft of the instrument 
protrudes through the incision (Fig. 10.6A and B). Place a 2-0 
nonabsorbable suture through the side holes of the feeding tube and 
the hole in the instrument trocar. Tighten the suture until the tip 
of the instrument blade and the tip of the feeding tube are in close 
apposition (see Fig. 10.6C). Retract the blade into the instrument 
shaft so that the tip of the feeding tube enters the instrument shaft 
(i.e., deactivating the instrument blade), and lubricate the tube and 
the instrument shaft. Retract the instrument and pull the feeding 
tube into the oral cavity to its predetermined measurement (Fig. 
10.7A). Remove the suture to free the feeding tube from the instrument 
blade and, in dogs, place a stylet through one of the side holes of 
the feeding tube and against its tip (see Fig. 10.7B). Lubricate the 
tube and advance it into the esophagus until the entire oral portion 
of the feeding tube disappears (see Fig. 10.7C) and the tube passes 
down the esophagus without twisting or bending. Carefully retract 
the stylet from the oral cavity to ensure its release from the tube. 
Secure the tube to the cervical skin with a Chinese finger-trap friction 
suture with 2-0 monofilament nonabsorbable suture (e.g., nylon; 
see p. 924). Bandage the tube loosely around the neck. Place a 
column of water in the tube, and cap the exposed end.

A one-step technique for esophagostomy tube placement in 
cats has been described using a specific applicator (von Werthen 
esophageal feeding tube applicator; B. Braun Vet Care) or using 
a large gauge, over-the-needle catheter. The disadvantage of the 
latter technique is the small diameter of the tube that can be 
placed by this method.

NOTE  In dogs and cats, a small diameter, rigid endoscope can be 
used to direct the tube into the esophagus and ensure that there 
are no kinks or other problems. A lateral thoracic radiograph can 
also confirm appropriate placement.

Most patients tolerate esophagostomy tubes, and Elizabethan 
collars are seldom necessary. Esophagostomy tubes can be safely 
removed immediately after placement or can be left in place for 
several weeks or months. The tube exit site may require light 
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C
FIG. 10.7  Esophageal tube placement (continued from Fig. 10.6). 
(A) Retract the instrument and pull the feeding tube into the 
oral cavity. (B) In dogs, place a stylet into one of the lateral holes 
of the feeding tube and against its tip; advance the tube into 
the esophagus. (C) The esophageal tube should lie in the mid-
esophageal region. 

A

B

C
FIG. 10.6  Esophageal tube placement. (A) Place the instrument 
shaft in the oral cavity and palpate the tip as it bulges the cervical 
skin; make an incision over the tip. (B) Activate the instrument 
blade until it is visible through the skin incision; enlarge the 
incision to allow penetration of the instrument shaft. (C) Use 
2-0 nonabsorbable suture (e.g., nylon) to secure the tip of the 
feeding tube to the tip of the blade; retract the blade so that 
the tip of the feeding tube contacts the instrument shaft. 

bandaging and periodic cleaning with an antiseptic solution. 
The tube is removed by cutting the finger-trap suture and gently 
pulling the tube through the skin. No further exit wound  
care is necessary; the hole seals in 1 or 2 days and is healed by 
4 to 5 days.

Complications associated with esophagostomy tube placement 
include early removal by the patient or vomiting the tube up 
and chewing off the end. Esophageal perforation has occurred 
in cats but is unlikely if a stylet is not used. Esophageal perforation 
is not expected in dogs. Significant complications (e.g., jugular 
vein laceration, carotid artery laceration, esophagitis, esophageal 
stricture, esophageal diverticulum, subcutaneous cervical cellulitis) 
are rare. Reflux esophagitis can occur from improper tube place-
ment (i.e., through the lower esophageal sphincter), or the tube 
itself can irritate esophageal tissue. Making sure that the distal 
tip of the soft rubber or Silastic tube is in the midesophageal 
region notably reduces the incidence of esophageal injury and 
reflux esophagitis.

Gastrostomy Tubes
Gastrostomy tubes are indicated in patients with a functional 
stomach and gastrointestinal tract that are anorexic, at risk for 
PCM, or are undergoing operations of the oral cavity, larynx, 
pharynx, or esophagus. These tubes are avoided in patients with 
primary gastric disease (e.g., gastritis, gastric ulceration, gastric 
neoplasia). Advantages of gastrostomy tubes include ease of 
placement, patient tolerance, availability of large-bore feeding 
tubes, ease of feeding and tube care, and that oral feeding can 
begin or continue while the gastrostomy tube is in place. Dis-
advantages include the need for general anesthesia and potentially 
specialized equipment (e.g., an endoscope), invasion of the 
peritoneal cavity, and inability to remove the tube for at least 7 
to 14 days postplacement (i.e., the time needed to allow adhesion 
formation between the stomach and abdominal wall). Premature 
removal puts the animal at risk for peritonitis from gastric 
contents leaking into the abdomen. Very large dogs may be 
problematic as it can sometimes be difficult to achieve a good 
adhesion between the stomach and the abdominal wall when 
placing a gastrostomy tube with a device or an endoscope. In 
these circumstances, it may be best to place the gastrostomy tube 
surgically. In addition, tubes placed blindly using a large stomach 
tube or spring-loaded device can easily be malpositioned such 
that they are placed at the lower esophageal sphincter (resulting 
in vomiting and gastroesophageal reflux) or so far caudally that 
the stomach may pull off the tube when the stomach is filled 
with food. Rarely the tube may be associated with gastric bleeding. 
Low-profile gastrostomy ports are sometimes used in animals 
for which long-term nutritional management or medication 
administration is needed.

Methods of placement of gastrostomy tubes include blind 
(nonendoscopic) percutaneous gastrostomy, percutaneous 
endoscopic gastrostomy (PEG), or surgical placement through 
a left flank approach or midline laparotomy.

Percutaneous Endoscopic Gastrostomy Tube Placement
Advantages of endoscopic placement is that tube placement 
occurs under direct visualization, and gastric insufflation displaces 
omentum, mesentery, spleen, and small intestines, which decreases 
risk of iatrogenic damage. This technique may not be appropriate 
for larger animals (e.g., >25 kg) because it can be hard to ensure 
that an adequate adhesion will form between the stomach and 
the abdominal wall at the ostomy site. Recently it was shown 
that animals receiving a PEG tube while concurrently on corti-
costeroid therapy had a significantly higher rate of major 
complications when compared to animals with PEG tubes not 
on corticosteroid therapy.7 There are various commercial kits 
available containing the necessary equipment for placing 
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to the skin with a Chinese finger-trap suture using 2-0 nonabsorbable 
suture (e.g., nylon). Alternatively, use the piece of tube previously 
cut off to create an external flange.

Flank Incision Gastrostomy Tube Placement
Advantages of this technique include ease of tube placement, 
ease of finding the stomach in an anorexic patient, quick place-
ment, no need for special equipment, creation of an initial seal 
between the stomach wall and the body wall, and confirmation 
of proper placement during the procedure. The disadvantage is 
lack of visualization of gastric anatomy, which may cause 
malpositioning of the tube.

Prepare the patient as described previously, but in addition, place 
quarter-towels and a fenestrated drape over the left flank to create a 
sterile field. Have a nonsterile assistant pass a large-bore, stiff plastic 
tube into the stomach. The surgeon, who is sterile, palpates the left 
flank area until the end of the stomach tube can be palpated and 
grasped (Fig. 10.9A). Manipulate the tube to a location 2 to 3 cm 
caudal to the thirteenth rib and 2 to 3 cm distal to the transverse 
processes of the lumbar vertebrae. Hold the tube stable and make a 
skin incision over the end of the stomach tube. Bluntly dissect the 
subcutaneous tissues and abdominal muscles to expose the wall of the 
stomach over the tube; take care not to enter the lumen of the stomach 
(see Fig. 10.9B). Place a purse-string suture in the stomach wall around 
the tube (see Fig. 10.9C). Use a No. 11 scalpel blade to make a stab 
incision into the lumen of the stomach in the middle of the purse-string 
suture; make the incision large enough to easily accommodate the 
selected tube. Place a 20 to 24 Fr Foley catheter into the lumen of the 
stomach and inflate the bulb (see Fig. 10.9D). Place traction on the 
purse-string suture and slowly withdraw the stiff stomach tube from 
the oral cavity. Place gentle traction on the Foley catheter to bring the 
inflated bulb against the stomach wall (see Fig. 10.9E). Snugly tie the 
purse-string suture around the Foley catheter. Place three to four simple 
interrupted 2-0 absorbable sutures (e.g., PDS or Maxon) from the 
stomach wall to the body wall to firmly pexy the stomach in place. 
Close the subcutaneous tissue and skin around the existing Foley 
catheter, push the Foley catheter 1 to 2 cm into the stomach lumen, 
and secure the Foley catheter to the skin with a Chinese finger-trap 
friction suture with 2-0 nonabsorbable suture (see Fig. 10.9F).

Gastrostomy Tube Placement by Midline Laparotomy
This procedure is generally performed when tube placement is 
ancillary to another abdominal procedure, such as biopsy or 
removal of an abdominal mass. Advantages to this method are 
that placement is directly visualized, and a secure surgical gas-
tropexy can be performed. The disadvantage is that placement 
is more invasive when compared to the techniques listed previously 
due to the surgical approach.

Pass the distal end of a 20 Fr Foley or Pezzer catheter (i.e., bulb 
or mushroom tip) into the abdominal cavity through a stab incision 
in the left body wall. Exteriorize the stomach and place a purse-string 
suture in the ventrolateral wall of the body of the stomach. Make 
a stab incision in the center of the purse-string suture with a No. 
11 scalpel blade and place the distal end of the feeding catheter in 
the lumen of the stomach. Tighten the purse-string suture around 
the catheter and inflate the catheter bulb (i.e., Foley catheter) with 
saline. Place gentle traction on the catheter to bring the body of the 
stomach in close apposition to the left body wall. Pexy the stomach 
wall to the abdominal wall with four 2-0 or 3-0 synthetic standard 
absorbable sutures (e.g., polydioxanone or polyglyconate). Secure 
the feeding tube to the skin with a Chinese finger-trap suture of 2-0 
nonabsorbable suture (e.g., nylon). Close the abdomen routinely.

gastrostomy tubes. The general idea of placement (which may 
vary slightly, depending upon the kit) is as follows:

Place the animal under general anesthesia. Position the animal 
in right lateral recumbency and clip and prep the area caudal to 
the last rib. The animal is positioned in right lateral recumbency, 
and the area caudal to the last rib is clipped and aseptically prepped. 
Pass the endoscope into the stomach, and insufflate the stomach 
with air. Make a 1 mm skin incision in the left flank 1 to 2 cm 
caudal to the last rib and 2 to 3 cm distal to the transverse spinous 
processes of lumbar vertebrae two or three. Pass an 18-gauge needle 
through the skin incision and into the stomach lumen. Pass the 
strand of the suture material provided by the kit through the needle 
and into the stomach, retrieve it using endoscopic grasping forceps, 
and bring it out through the mouth. Once the strand of suture is 
entering the left flank and exiting the oral cavity, attach the suture 
to the feeding tube as directed by the kit instructions. In large dogs, 
a percutaneous suture of No. 1 monofilament nonabsorbable 
material can be placed from through the skin and abdominal 
wall, into the gastric lumen, back out of the skin, and tied under 
direct visualization with the endoscope. This keeps the stomach 
in apposition with the body wall so it is more likely for a strong 
adhesion to form, protecting the peritoneal cavity from leakage.

Blind Percutaneous Gastrostomy Tube Placement
This technique should only be performed after one has done several 
gastrostomy tube placements using endoscopic guidance to help 
better understand the anatomy of the stomach and configuration 
within the abdominal cavity. Advantages of this technique are that 
no special instrumentation is required for placement and it is easy 
to perform. Disadvantages are that the stomach is not surgically 
pexied to the body wall (early removal by the patient could result 
in peritonitis), novices can easily malposition the tube too far 
orad or too far caudad in the stomach, it is possible to penetrate 
and trap omentum, mesentery, or spleen, and tube placement 
must be confirmed endoscopically or radiographically.

Placement of the blind percutaneous gastrostomy tube is 
performed similarly to PEG tubes described earlier except that 
entrance of the hypodermic needle into the stomach is performed 
blindly. Place the animal under general anesthesia. Position the 
animal in right lateral recumbency and clip and aseptically prepare 
the area caudal to the last rib. The animal is positioned in right 
lateral recumbency, and the area caudal to the last rib is clipped and 
aseptically prepped. Pass a stiff, large-bore stomach tube or feeding 
tube placement device (e.g., ELD; Fig. 10.8A) into the stomach until 
it can be palpated bulging against the left body wall 1 to 2 cm caudal 
to the last rib and 2 to 3 cm distal to the transverse processes of 
lumbar vertebrae two or three. If a stomach tube is used, pass an 
18-gauge hypodermic needle through the skin into the lumen of the 
stomach tube. Place the suture strand through the needle, into the 
stomach tube, and out through the mouth. Remove the stomach 
tube. If a feeding tube placement device is used (see esophagostomy 
tube placement earlier), activate the device and thread the suture 
through the hole in the instrument blade (see Fig. 10.8B). Retract 
the blade into the instrument shaft and withdraw the instrument 
out through the mouth (see Fig. 10.8C). In each case the suture 
enters the stomach through the left flank and exits through the 
oral cavity. Attach the end of the suture to the gastrostomy tube. 
Pull the No. 1 suture exiting the left flank until the catheter tip exits 
the skin (see Fig. 10.8D). Enlarge the skin incision to 3 to 4 mm, 
allowing easy delivery of the catheter. Pull the catheter until the 
mushroom tip is snugly against the body wall, ensuring a seal between 
the stomach wall and the body wall (see Fig. 10.8E). Secure the tube 
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FIG. 10.8  (A) Schematic view of a device designed to place gastrostomy tubes without endoscopy. 
The trocar (lower) is placed through the cannula (upper). The cutting tip (inset) is not extended 
until the device has been properly placed. (B) Schematic view showing how the device is placed 
in an animal receiving a gastrostomy tube. Note that the tip of the device ultimately arrives at a 
point 2 to 3 cm caudal to the last rib and 2 to 3 cm distal to the transverse processes of lumbar 
vertebrae two or three. Push the trocar tip through the cannula so that the blade tip extends 
through the skin (insert), and tie a suture to the tip. (C) Retract the entire device (cannula and 
trocar) through the mouth, bringing the suture with it. (D) Fasten the end of the suture that is 
brought out of the mouth to the tip of a mushroom-tip catheter. Note how a pipette tip is placed 
where the suture attaches to the tip of the catheter. (E) Pull the suture through the skin, pulling 
the mushroom-tip catheter into the stomach. The pipette tip facilitates passage of the catheter 
through the abdominal wall. Withdraw the catheter until the mushroom tip is against the gastric 
mucosa; the stomach is pulled snugly against the abdominal wall. 
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The most catastrophic complication associated with gastros-
tomy tubes is leakage of gastric contents into the abdominal 
cavity with subsequent generalized peritonitis. This may occur 
with premature tube removal, when overfeeding large breed dogs 
(i.e., a very heavy stomach can pull the stomach off the tube), 
or secondary to improper placement of a low-profile tube when 
trying to replace an old gastrostomy tube. This complication 
can generally be prevented by using a technique that results in 
a sutured pexy of the stomach to the body wall (flank or midline 
surgical approach). Other complications of gastrostomy tubes 
include vomiting, peristomal infection (relatively common, 
although often minor and easily managed), and migration of 
the tip of the catheter into the pylorus. The balloon on Foley-type 
catheters usually disintegrates over time; hence, these catheters 
are not always optimal for long-term use. There are many 

Low-Profile Gastrostomy Tube Devices
Various low-profile gastrostomy tube devices are available in 
different configurations and generally serve two main functions. 
First, some owners prefer to use them when a PEG tube will be 
required for a lengthy period because the low-profile devices  
do not have a long tube exiting the body, which makes them 
aesthetically more appealing. Tubes that do not “dangle” from 
the body may also be easier to care for (i.e., they are less  
likely to be pulled out or chewed out by the patient). Second, 
and perhaps the major value of low-profile devices, is that  
they allow quick and easy replacement of gastrostomy tubes that 
have inadvertently been pulled out or have so deteriorated  
that they must be replaced. The low-profile device is inserted 
into the stoma made by the first gastrostomy tube. However, 
these stomas close rapidly (i.e., <24 hours) after removal of the 
gastrostomy tube; therefore speed is of the essence. If the patient 
cannot be seen within several hours after removal of the first 
gastrostomy tube, a relatively large-diameter sterile red latex male 
urinary catheter or similar tube should be placed in the stoma 
to prevent it from closing down until the low-profile device can 
be placed.
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FIG. 10.9  Percutaneous gastrostomy tube placement with gastropexy. (A) Pass a large-bore, 
stiff plastic stomach tube into the stomach. Palpate the end of the tube at the flank. (B) Grasp 
the tube and move it to a point 2 to 3 cm caudal to the thirteenth rib and 2 to 3 cm distal to the 
transverse processes of the lumbar vertebrae. Secure the tube with thumb and finger, make an 
incision through the skin and subcutaneous tissue, and bluntly dissect the abdominal muscles 
to expose the gastric wall over the tube. (C) Place a purse-string suture in the gastric wall around 
the tube and puncture the wall with a scalpel blade. (D) Place the Foley or Pezzer catheter into 
the lumen of the stomach and into the tube. (E) Tighten the purse-string suture, remove the 
stomach tube, inflate the bulb of the Foley catheter, and suture the gastric wall to the abdominal 
wall. (F) Note the proper tube placement of the inflated Foley catheter, the gastropexy, and the 
Chinese finger-trap friction suture to secure the tube in place. 

NOTE  If you need to replace a gastrostomy tube but do not have 
a low-profile device, simply insert the string through the existing 
gastrostomy tube before removal and use it to place a second, 
regular gastrostomy tube.
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FIG. 10.10  For placement of an enterostomy tube, a 10-gauge 
hypodermic needle facilitates transabdominal placement of a 5 
Fr feeding tube. 
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FIG. 10.11  Placement of an enterostomy tube. (A) Make a 1- to 
1.5-cm linear incision in the seromuscular layers of the antimes-
enteric border of the selected jejunal segment; use the tip of a 
scalpel blade to puncture a hole in the aboral aspect of the 
seromuscular incision. (B) and (C) Place the distal end of the 
feeding tube through the incision; lay the exiting portion of  
the tube in the 1- to 1.5-cm seromuscular incision and construct 
a “tunnel” by inverting the seromuscular layer over the tube 
with three or four Cushing sutures of 4-0 absorbable material. 

dedicated gastrostomy catheters that have mushroom tips that 
can last for months. As noted previously, low-profile gastrostomy 
devices may be better tolerated by owners when tubes are needed 
to remain in place for some time (e.g., dogs with megaesophagus, 
esophageal stricture, chronic renal failure).

Enterostomy Tubes
Enterostomy (jejunostomy) feeding tubes are indicated in patients 
with gastric, intestinal, or pancreatic disease and in patients having 
biliary tract surgery in which the intestinal tract distal to the 
disease or surgical site is functional. Immediate feeding of a highly 
digestible, low-bulk diet in patients undergoing colonic surgery 
or that will undergo colonic surgery can be accomplished using 
an enterostomy feeding tube. Patients with preexisting PCM that 
must have major abdominal surgery are candidates for early enteral 
hyperalimentation by means of an enterostomy tube.

The main reason to use enterostomy tubes is to bypass a 
dysfunctional stomach or duodenum. Flexible endoscopy,  
laparotomy, or laparoscopy is required for placement of an 
enterostomy feeding tube. A 5 Fr, 90-cm infant feeding tube is 
recommended for cats and for small and medium size dogs. An 
8 Fr feeding tube may be used in large and giant breed dogs. 
Due to the small size of the tubes, liquid diet formulations are 
used for nutritional supplementation. Enteral feeding through 
enterostomy tubes is typically performed in a hospitalized setting 
as a continuous rate infusion to minimize the chance of discomfort 
associated with overdistension of the intestine. Although pre-
mature removal and associated peritonitis is the most significant 
complication associated with jejunostomy tubes, this event is 
uncommon. A 2016 study of 64 dogs with jejunostomy tubes 
placed during abdominal surgery found a 22% rate of complica-
tions, none of which was life-threatening.8 Diarrhea (high fecal 
score) is expected following intestinal feeding regardless of diet 
chosen.

Enterostomy Tube Placement by Flexible Endoscopy
Nasoenterostomy tubes may be placed by flexible endoscopy. 
Place a guidewire, flexible end first, through the nose and into the 
oropharynx. Grasp the tip of the guidewire with flexible endoscopic 
forceps placed through the endoscope, and then pass the endoscope 
into the duodenum, “dragging” the guidewire into the distal 
duodenum with it. Then, release the tip of the guidewire and 
withdraw the endoscope from the patient. Next, introduce the feeding 
tube over the guidewire and advance it until the tip of the feeding 
catheter is present in the distal duodenum or proximal jejunum. 
Carefully remove the guidewire and fix the tube to the external 
nares as described under nasoesophageal tubes.

Surgical Placement of Enterostomy Tube
Bring the distal tip of the feeding tube into the abdominal cavity 
through a 2- to 3-mm stab incision made on the right or left body 
wall with a No. 11 scalpel blade or a 10-gauge hypodermic needle 
(Fig. 10.10 and Video 10.3). Select a segment of proximal jejunum 
and identify the normal direction of flow of ingesta (i.e., aboral 
and oral end). Ensure that the selected intestine is easily mobilized 
to the feeding tube entrance on the body wall. Make a 1- to 1.5-cm 
linear incision in the seromuscular layers of the antimesenteric 
border of the selected jejunal segment (Fig. 10.11A). Use a No. 11 
scalpel blade to enter the lumen of the jejunum at the most aboral 
end of the incision. Insert the distal end of the feeding tube through 
the incision and pass 10 to 12 inches (25 to 30 cm) of the tube in 
an aboral direction into the jejunal lumen. Position the exiting 



102 PART ONE  General Surgical Principles

tubes. These tubes provide access to the stomach and small intestine 
without the need for an enterotomy. The most significant advantage 
over other tubes is the ability to institute postgastric feeding while 
simultaneously allowing for gastric decompression.

CALCULATION OF RATE AND VOLUME OF FEEDING
Once the number of calories necessary to meet the patient’s total 
caloric requirement has been calculated, the rate and volume of 
feeding are determined based on the route of administration 
(e.g., oral, nasoesophageal, pharyngostomy, esophagostomy, 
gastrostomy, or enterostomy). With gastric feeding (i.e., oral, 
nasoesophageal, esophagostomy, pharyngostomy, and gastrostomy 
tubes), the amount fed is determined by the patient’s stomach 
capacity. The normal canine and feline gastric capacity is approxi-
mately 80 mL of fluid per kilogram of body weight. However, 
anorexic patients can typically accommodate only 30 to 40 mL/
kg of body weight when feeding begins. A gradual increase over 
2 to 3 days allows the stomach to accommodate progressively 
larger volumes. The patient should have a minimum of three 
feedings daily; however, if vomiting and abdominal distention 
occur, the daily volume should be reduced and the number of 
daily feedings increased. In animals that routinely vomit after 
administration of the diet through a nasoesophageal, esophagos-
tomy, or gastrostomy tube, it is often advantageous to drip 
commercially prepared liquid diets into the tube as a constant-rate 
infusion (CRI). Simultaneous administration of antiemetics and/
or gastric prokinetic agents may also be beneficial.

With enterostomy feedings, the rate and volume must  
be carefully regulated to prevent overdistention. Each patient  
is unique in the amount of fluid the small intestine will  
accommodate; guidelines for feeding by enterostomy tube are 
presented in Box 10.5. These are only guidelines; some patients 
require a longer adjustment time (5–7 days), whereas others 
allow total volume feeding in 2 to 3 days. Signs of overfeeding 
include vomiting, diarrhea, abdominal distention, cramping, or 
all of these. Diluting the diet concentration and reducing the 
rate and volume of administration generally resolve these 
complications.

PARENTERAL FEEDING COMPLICATIONS
Complications associated with PN include catheter occlusion, 
catheter displacement, phlebitis, thrombosis, sepsis, hyperglycemia, 
hypophosphatemia, hyperlipidemia, azotemia, and electrolyte 

portion of the tube in the 1- to 1.5-cm seromuscular incision, and 
suture it in this “tunnel” by inverting the seromuscular layer over 
the tube with three or four Cushing or horizontal mattress sutures 
of 4-0 or 5-0 synthetic monofilament absorbable suture material 
(e.g., polydioxanone or polyglyconate) (see Fig. 10.11B–C). Alter-
natively, place a small purse-string suture in the antimesenteric 
border using 4-0 or 5-0 synthetic monofilament absorbable suture 
material. Use a No. 11 scalpel blade to make a stab incision in the 
middle of the purse-string suture and insert the feeding tube as 
described earlier. Tighten the purse-string suture.

In an in vitro study, no significant difference in bursting 
pressure was found between purse-string and seromuscular 
incision techniques.9

Pexy the jejunal tube exit site to the exit site at the body  
wall with four to five simple interrupted sutures of 4-0 standard 
absorbable suture (e.g., polydioxanone or polyglyconate); secure 
the feeding tube to the skin using a Chinese finger-trap friction 
suture of 3-0 nonabsorbable material (e.g., nylon). Alternatively, 
an interlocking box technique (Fig. 10.12) has also been described 
in which two complete suture boxes are placed and secured 
between the jejunal segment and abdominal wall. This technique 
is thought to decrease the risk of leakage and allow for earlier 
tube removal.

Laparoscopic-assisted jejunostomy tube placement has been 
described. Standard laparoscopy procedures for abdominal 
exploratory are followed with ultimately a segment of jejunum 
exteriorized through an instrument portal. Jejunostomy tube 
placement is performed similarly to what was described earlier.

Patients with enterostomy feeding tubes can be fed immediately 
after surgery. The exit point of the feeding tube should be incor-
porated into a body bandage to prevent premature removal by 
the patient, technical staff, or client. A column of water should 
be kept in the tube between uses. Possible complications include 
premature removal, tube-induced jejunal perforation, peritoneal 
leakage, and subcutaneous leakage. Theoretically, enterostomy 
tubes can be removed almost immediately after placement, but 
experience suggests that they should be left in place for at least a 
week before removal to minimize the chance of post-removal 
peritonitis. Subcutaneous leakage can be prevented by securely 
fixing the tube to the skin, and peritoneal leakage is prevented by 
taking care to include a 360-degree jejunal-abdominal wall pexy.

Gastrojejunostomy Tubes
Several products (e.g., Kangaroo gastrostomy feeding tube with 
Y-ports) are available that combine gastric and intestinal feeding 

FIG. 10.12  Interlocking box technique for securing enterostomy tubes to the abdominal wall. 
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tubes. In cats, esophageal perforation (esophagostomy tube) has 
largely been eliminated by discontinuation of the use of a  
stylet during tube placement. Premature tube removal by  
the patient can usually be prevented by adequate mechanical 
restraint (e.g., bandaging, Elizabethan collar) and secure  
attachment of the tube to its exit site (i.e., Chinese finger-trap 
friction sutures). Use of small-bore, soft rubber feeding tubes 
has improved patient tolerance. Esophagitis secondary to naso-
esophageal, esophagostomy, or pharyngostomy tubes occurs; 
however, use of Silastic or soft rubber feeding tubes has reduced 
the frequency. Midesophageal placement of the tip eliminates 
reflux esophagitis.

Stoma site infection can be minimized by proper tube manage-
ment. The area should be kept clean and covered with a loose 
bandage. Care should be taken when feeding the patient to prevent 
diet formula from contaminating the exit site. Rhinitis secondary 
to placement of a nasoesophageal tube occurs, but use of small-
bore, soft-rubber tubes makes this uncommon.

Small-bore feeding tubes (5–8 Fr) can become occluded  
with the diet formula. This is best prevented by using a commercial 
liquid diet rather than a blenderized diet preparation. Flushing 
material out of the tube when feeding is finished and capping 
the tube to maintain a column of water help prevent occlusion 
by gastrointestinal reflux. Large-bore feeding tubes accept 
blenderized diets, but similar precautions should be taken  
to prevent occlusion. If a tube becomes occluded, flexible 
endoscopy forceps can be passed into the tube to remove the 
clogged material. If endoscopy forceps are unsuccessful, a carbon-
ated liquid (e.g., cola) can be infused into the tube; the effer-
vescence of the liquid and its acid pH may encourage removal 
of clogged material. If this is unsuccessful, tube replacement 
may be necessary.

Gastrointestinal Complications
Common gastrointestinal complications of enteral nutritional 
therapy include vomiting, cramping, abdominal distention, or 
diarrhea. The most common causes are feeding too rapidly, 
feeding too large a volume, and feeding diets with a high osmolal-
ity. Treatment is aimed at reducing the rate and volume fed or 
diluting the diet formula.

Metabolic Complications
The most common metabolic complications of enteral nutritional 
therapy are hyperglycemia and hypophosphatemia. However, 
they tend to be less common and usually less severe than is seen 
with parenteral nutrition.
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imbalances. If sepsis is suspected, it is usually best to replace the 
IV catheter and submit the tip of the old catheter for culture 
and susceptibility testing.

Rarely, insulin may be needed to control persistent hypergly-
cemia. In the rare case in which insulin seems required, a 
nutritionist with experience with PN should be consulted. Initially, 
a very low dose (e.g., 0.25 unit of regular insulin/4.5 kg  
body weight in dogs) may be tried and the patient closely 
monitored. One must anticipate that the need for insulin will 
disappear as the patient adapts. Cats are much more sensitive 
to the effects of insulin than dogs, and insulin should be avoided, 
if possible. Life-threatening hypophosphatemia and/or hypoka-
lemia may occur secondary to administration of insulin to 
emaciated patients.

Complications associated with PPN have been infrequently 
reported. Most complications are mild and do not require 
discontinuation of PPN.

ENTERAL FEEDING COMPLICATIONS
Three types of complications can occur with enteral hyperali-
mentation: mechanical complications, gastrointestinal complica-
tions, and metabolic complications. In most cases complications 
can be prevented by proper tube placement technique, by using 
an appropriate-diameter, soft rubber feeding tube and the proper 
diet, by carefully calculating feeding schedules, and by proper 
tube management during and between feedings.

Mechanical Complications
Mechanical complications include inadvertent placement of the 
tube into the trachea (nasoesophageal, esophagostomy, and 
pharyngostomy tubes) or peritoneal cavity (gastrostomy or 
enterostomy tubes), gastrointestinal perforation by the feeding 
tube (gastrostomy and enterostomy tubes), regurgitation or 
vomiting of the tube (nasoesophageal, esophagostomy, and 
pharyngostomy tubes), esophageal irritation (nasoesophageal, 
esophagostomy, and pharyngostomy tubes), gastric outflow 
obstruction (gastrostomy tubes), infection at the tube exit site, 
occlusion of the tube, or premature tube removal by the patient. 
Inadvertent placement of feeding tubes in the trachea or peritoneal 
cavity can be prevented by paying careful attention during tube 
placement. If there is any question about the tube’s location, a 
small amount of sterile aqueous contrast material should be 
injected through the feeding tube and a radiograph taken. 
Gastrointestinal perforation has been virtually eliminated by 
use of small-bore, Silastic, or soft rubber enterostomy feeding 

•	 Calculate total caloric requirement.
•	 Give 1

4 of the calculated volume during the first 24 hours; a minimum 
of four to five feedings per day is recommended.a

•	 Give 1
2  of the calculated volume during the second 24 hours in four 

to five feedings.a

•	 Give 3
4 of the calculated volume during the third 24 hours in four to 

five feedings.a

•	 Give the entire calculated volume during the fourth 24 hours in four 
to five feedings.a

BOX 10.5  Guidelines for Feeding via an 
Enterostomy Tube

aContinuous feeding by means of an infusion pump is preferred.
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Fundamentals of Physical 
Rehabilitation

11 

DEFINITIONS
Osteokinematics is the branch of biomechanics concerned with 
the description of bone movement when a bone swings through 
a range of motion (ROM) around the axis in a joint (i.e., flexion, 
extension, abduction, adduction, rotation). Arthrokinematics 
is the manner in which adjoining joint surfaces move in relation 
to each other during bone movements. Arthrokinematic move-
ments occur as glides, rolls, or spins and accessory motions such 
as distraction, shear, and compression. A roll is a rotary movement 
(one bone rolling on another); a spin is also a rotary movement 
(one body spinning on another). A slide or glide is a translatory 
movement (sliding of one joint surface over another). Sarcopenia 
is a gradual loss of muscle mass as a result of aging. Proprioceptive 
neuromuscular facilitation (PNF) uses the body’s proprioceptive 
system to facilitate or inhibit muscle contraction. By stimulating 
the distal segments, the proprioceptors in the more proximal 
segments are stimulated. The purpose of PNF is to enhance and 
create movement in areas where the neurologic system has been 
compromised.

OVERVIEW OF REHABILITATION THERAPY
Human physiotherapy, or physical therapy, is a relatively new 
medical discipline that began in Sweden in the early 1800s; 
modern physical therapy was developed in Britain in the early 
1900s. Physiotherapy was initially focused on the treatment of 
polio victims, but after the outbreak of World War I, the field 
concentrated on helping to restore mobility to injured soldiers. 
The first school of physiotherapy was established at Walter Reed 
Army Hospital in Washington, DC.1

Interest in the veterinary derivative of human physiotherapy 
began initially in the 1970s with the publication of a book called 
Physical Therapy for Animals: Selected Techniques by Ann Downer, 
PT. Shortly thereafter, national presentations to such groups as 
the American College of Veterinary Surgeons, American Physical 
Therapy Association, and the American Veterinary Medical 
Association led to increased interest in canine rehabilitation. 
Interest in canine sports medicine began at about the same time 
with publication of Canine Sports Medicine and Surgery and 
with the formation of the International Racing Greyhound 
Symposium, associated with what was then known as the Eastern 
States Veterinary Conference (now the North American Veterinary 
Conference). Rehabilitation was a frequent topic at this conference 
and was expanded to include all sporting dogs.2 Today, physical 
rehabilitation is becoming common in small animal practices. 
These exercises and modalities are used not only for recovery 
from orthopedic and neurologic conditions, but also for wellness 
care and preventive medicine in the form of weight management 

and maintenance of muscle strength and conditioning, particularly 
for athletes and geriatric animals. Current practices combine 
the knowledge and skills of veterinarians, veterinary technicians, 
human physiotherapists, and physiotherapy assistants. Formal 
training and accreditation are now available for veterinarians 
and veterinary technicians, and advanced specialty training is 
available through the American College of Veterinary Sports 
Medicine and Rehabilitation.

With advances in surgery and with an increasing number of 
owners who regard their pets as family members, demand for 
rehabilitation for veterinary patients is increasing. Postoperative 
care focusing on decreasing pain, inflammation, and joint stiffness 
while improving mobility and quality of life may result in shorter 
hospital stays and improved patient and client well-being. 
Rehabilitation for the veterinary patient with orthopedic or 
neurologic disease has as its overlying principle a return to normal 
mobility and neuromuscular function. The goals of rehabilitation 
are first and foremost to relieve pain and ameliorate discomfort 
while ensuring that the patient’s condition does not worsen, 
particularly in the light of spinal instability or surgical  
repair. Once pain control has been adequately addressed (see 
Chapter 13), therapists can focus on restoring normal muscular 
function, minimizing muscular atrophy and other secondary 
problems, and improving and restoring mobility.

Rehabilitation therapy emphasizes return to function and 
maximum recovery from the disease process or surgical procedure, 
as well as the improvement of overall well-being, rather than 
the treatment of a specific disease or diagnosis. Postoperative 
orthopedic or neurologic surgery patients are among the many 
patients that benefit from physical rehabilitation (Box 11.1). 
Other patients include those with chronic osteoarthritis, severely 
debilitated patients, oncology patients, obese patients (to aid in 
weight loss), canine athletes and working dogs (to enhance 
condition or performance), and patients with orthopedic or 
neurologic disease that require nonsurgical management. Improve-
ment in pain control, joint ROM, muscle strength and coordina-
tion, balance and proprioception, and decrease in contracture 
and fibrosis are some of the objectives of physical rehabilitation. 
Return to function and recovery are achieved through the use 
of the many different modalities and techniques discussed in 
this chapter.

ROLE OF EXERCISE PHYSIOLOGY IN 
REHABILITATION
Exercising animals rely on skeletal muscles to perform; skeletal 
muscle performance is dependent on muscle fiber type. Tradition-
ally, muscles are classified as type I (oxidative or slow twitch) 
or type II (glycolytic or fast twitch).3 Postural muscles (i.e., 



CHAPTER 11  Fundamentals of Physical Rehabilitation 105.e1

ABSTRACT
Physical rehabilitation is the newest specialty in veterinary 
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nonsurgical, and long-term management of many orthopedic 
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orthopedic or neurologic conditions involves collecting subjective 
and objective data about the patient, including goals for rehabilita-
tion, posture, gait analysis, range of motion, strength, and special-
ized tests. An individualized rehabilitation plan is formulated 
based on the primary diagnosis, taking into consideration the 
tissue types involved and chronicity of the injury. Treatment 
interventions may include manual therapies, therapeutic exercises, 
hydrotherapy, modalities, and neurologic reeducation.
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during movement.5 Eccentric contractions tend to preferentially 
strengthen type II muscle fibers, whereas concentric contractions 
favor type I fibers. In general, in an exercise program concentric 
exercises are performed first to help accustom the muscle to 
movement. Eccentric exercises are added later because, although 
they help develop strength, they have the potential to cause 
muscle damage and delayed onset muscle soreness. A balanced 
program between concentric and eccentric muscle contractions 
is desirable.6

REHABILITATION EVALUATION
An ideal rehabilitation evaluation involves a thorough history, 
physical examination, and a complete orthopedic and neurologic 
examination, followed by a specific rehabilitation examination. 
Historical data of interest to the rehabilitation professional include 
onset and duration of the problem, body part involved, trauma 
or activities associated with the injury, current pain score, lifestyle 
and exercise habits, weight loss or gain, and type of surgery (if 
any) performed. A general physical examination focusing on 
any pathology affecting the cardiovascular, neuromuscular, 
pulmonary, endocrine/metabolic, or integumentary system is 
critical because all these systems can affect muscular performance. 
It is also important to evaluate the patient’s psychological state 
and willingness to perform any exercises, as well as the experience 
of the owner or handler. Orthopedic and neurologic examinations 
are discussed in Chapters 31 and 38, respectively; only the 
rehabilitation examination is outlined here. A rehabilitation 
examination is comprised of a thorough myofascial examination, 
including muscle girth assessment, examination of each joint, 
goniometric measurements, subjective and objective (force plate, 
pressure mat, stance mat) lameness assessment, gait analysis, 
pain score assessment, body condition score, muscle condition 
score, modified Frankel score (Box 11.2), and—where available 
and desired—dual energy x-ray absorptiometry assessment and 
advanced imaging (i.e., computed tomography, magnetic reso-
nance imaging).7

Understanding gait and canine locomotion is vital to diagnosing 
many neurologic and orthopedic conditions. When possible the 
lameness evaluation and gait analysis should take place before the 
other physical examinations because palpation of the muscles, 
limbs, and joints may alter subtle lamenesses. Subjective lameness 
evaluation involves visualizing the patient from all angles at both 
a walk and a trot. It is often easier to detect lameness when the 
patient is walking because it is a slower gait; however, subtle 

quadriceps femoris) are capable of slow and sustained contraction 
and contain more type I fibers than mobilizing muscles (i.e., 
gracilis muscle), which contain more type II fibers. Type I muscle 
fibers may be considered the “endurance muscle fibers” and are 
prominent in dogs that run long distances, such as sled dogs. 
Type II fibers provide the power and speed muscles fibers 
prominent in sprinting dogs, such as greyhounds. When compared 
to humans, dogs have a high oxidative capacity in their muscles 
because they are adapted for endurance activities4; nonetheless, 
certain breeds (e.g., greyhounds) have more type II muscle fibers 
than other dogs, making them better sprinters.

When muscles are immobilized, such as in casts or splints, 
or following long periods of cage rest, muscle strength decreases 
rapidly with as much as 50% of strength lost within the first 
week. With disuse, postural muscles that contain more type I 
fibers atrophy more than the mobilizing muscles containing type 
II fibers. However, with geriatric sarcopenia the opposite is true; 
more type II muscle fibers atrophy than type I fibers. This is an 
important consideration in designing a rehabilitation program 
for an athlete with muscle loss due to injury versus a geriatric 
patient with age-related atrophy. Historically, veterinary ortho-
pedic postoperative care consisted of 6 to 12 weeks of cage rest 
after surgery. This may be acceptable for fracture healing; however, 
muscle physiology research has shown that the longer a muscle 
is immobilized or not moved in a normal manner, the more 
difficult it is to return that muscle to full strength and function. 
All postoperative patients can benefit from a rehabilitation 
program that starts as soon as possible after surgery to minimize 
muscle atrophy and return the patient to full function as quickly 
as possible.

Muscle contractions can be described as having two variables: 
force and length. Force is either tension or load. Load is the force 
exerted on the muscle by an object, and muscle tension is the 
force the muscle exerts on an object. Isometric contractions occur 
when muscle tension changes without a change in muscle length; 
isotonic contractions occur when muscle tension remains the 
same but muscle length changes. Canine rehabilitation is con-
cerned with isotonic contractions. Isotonic contractions occur 
as either concentric or eccentric contraction. Concentric contrac-
tion occurs when the muscle contracts, tension in the muscle 
increases, and shortening occurs. Eccentric contraction occurs 
when the muscle contracts but lengthens because the tension 
generated in the muscle is insufficient to overcome the load 
pulling down on the muscle. The eccentric contraction is control-
ling the movement: it is the natural braking force that occurs 

Data from Niebaum K. Rehabilitation physical modalities. In: Zink MC, Van Dyke JB, 
eds. Canine Sports Medicine and Rehabilitation. Ames, IA: Wiley-Blackwell; 
2013:115–131.

•	 Decreased pain
•	 Increased rate of recovery following injury or surgery
•	 Improvement in quality of movement and performance
•	 Increased strength and endurance
•	 Improvement in flexibility and biomechanics
•	 Reduction in the incidence of future injury both due to restoration of 

normal biomechanics and through client/owner education
•	 Positive psychological effect for both the pet and for the owner
•	 Minimally invasive approach
•	 Minimal complications if administered properly

BOX 11.1  Benefits of Rehabilitation 
Therapy

From Lee CS, Bently RT, Weng HY, Breur GJ. A preliminary evaluation of the 
reliability of a modified functional scoring system for assessing neurologic function in 
ambulatory thoracolumbar myelopathy dogs. BMC Vet Res. 2015;11:241.

Grade 0: Paraplegia with absent deep nociception
Grade 1: Paraplegia with absent superficial nociception
Grade 2: Paraplegia with intact nociception
Grade 3a: Nonambulatory paraparesis: ability to bear weight on pelvic 

limbs without support
Grade 3b: Nonambulatory paraparesis: inability to bear weight on pelvic 

limbs without support
Grade 4: Ambulatory paraparesis
Grade 5: Normal gait with paraspinal hyperesthesia

BOX 11.2  Modified Numerical Frankel 
Scale for Dogs With Thoracolumbar 
Intervertebral Disc Disease
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or lying) should be taken into consideration when measuring 
girth circumference (Fig. 11.1).

Pain is considered to be the fourth vital sign and is frequently 
overlooked.11 Pain scoring is an important part of the rehabilita-
tion evaluation and should be done consistently at every patient 
visit. Using a validated pain scale such as the Glasgow Chronic 
Pain Index or the Helsinki Chronic Pain scale (see Chapter 13) 
can ensure that the patient is comfortable and willing to par-
ticipate in rehabilitation. Exercises and modalities should be 
adjusted according to the patient’s pain score.

Body condition scoring (BCS) and muscle condition scoring 
(MCS) are two vital pieces of information required from all 
patients (Figs. 11.2 and 11.3). Many veterinary patients are obese, 
and some are also sarcopenic. BCS and MCS should be docu-
mented at the initial evaluation and can be used to document 
progress through rehabilitation. Calculation of ideal body weight 
and number of calories needed to achieve that weight, as well 
as grams of protein required in the diet for optimal weight  
loss and muscle integrity, should be addressed with all patients 
(Box 11.4; see also Chapter 10). Most rehabilitation patients 
require 3.75 g of dietary protein per kilogram of body weight 
for maintenance of lean body mass, muscle mass, weight loss, 
and healing. Senior dogs require 5 g of dietary protein per 
kilogram of body weight to maintain muscle integrity.12,13 If this 
protein requirement is not met by the dog’s diet, additional 
supplemental protein, such as whey protein powder, may be 
required.

The rehabilitation evaluation concludes with a complete set 
of goniometric measurements. This is best accomplished with 
the patient lying on its side, restrained by an assistant. A com-
mercial goniometer should be used and measurements taken at 
the most comfortable degree of flexion and extension for each 
joint with one arm of the goniometer along each long axis of 

lameness may be more visible at the trot because this is the only 
gait that allows individual limb evaluation.6,8 Patients should be 
examined on a nonslippery, flat surface such grass or a cement or 
rubber flooring. The patient should be examined walking toward 
and away from the examiner, as well as from the side, and while 
sitting and standing. Having the patient walk through a cavaletti 
course (see p. 118) and perform weaves and figure eights around 
cones (see p. 119) is an excellent way to evaluate intermittent 
lameness. Videotaping these sessions can be helpful and allows 
the therapist to compare sessions. Either a numerical rating score 
(Box 11.3) or a visual analogue scale can be used if they are used 
consistently.8 Visual gait observation is inferior to objective gait 
analysis; however, it is still a useful tool in clinical practice.8

Validated objective gait analysis is the preferred method of 
lameness evaluation and is often used to detect subtle lameness 
because it allows quantification of gait parameters. Currently 
there are three validated methods of objective gait analysis: 
kinematic analysis, kinetic analysis (force plate analysis), and 
temporospatial gait analysis (pressure-sensing walkways). 
Kinematic analysis (involving markers on joints, 3D cameras, 
and special software) and force plate analysis are used primarily 
by research institutions due to the cost of the equipment. Pressure-
sensing walkways are more affordable but are not widely used 
by most rehabilitation practitioners; however, these methods do 
provide an objective outcome measure that quantifies lameness 
and improvement with rehabilitation.9

A myofascial examination includes palpation of the body, 
origin, and insertion of each muscle; and assessing for functional 
muscle disorders (acute indirect muscle disorders without 
macroscopic evidence of a muscle tear), as well as structural 
muscle injuries (indirect muscle disorders with macroscopic 
evidence of a muscle tear). Particular attention should be paid 
to the identification of myofascial trigger points. Myofascial trigger 
points are defined as a hyperirritable spot within a taut band of 
skeletal muscle that is a source of pain and disability. Identification 
of trigger points is by manual palpation through either flat or 
pincher palpation (Video 11.1).10

Central to a myofascial examination is the determination of 
muscle circumference of the major muscles of front and back 
legs. The girth of the affected leg is compared with the unaffected 
leg on the opposite side to determine extent of muscle atrophy 
and to give a baseline for therapeutic outcome measures. This 
measurement is done using a weighted tape measure. If an 
ordinary tape measure is used, the measurement will depend 
on how tightly the tape is pulled. If the examiner pulls tighter, 
tissue compression will be greater and the measured circumference 
may be smaller; thus two consecutive measurements may be 
quite different. By applying a constant tension, accurate and 
repeatable measurements can be obtained. If multiple examiners 
are evaluating the patient, it is important that each uses the same 
anatomic landmarks to ensure accurate measurements. Other 
variables such as coat length and position of animal (standing 

0 = Normal gait pattern
1 = Mild intermittent lameness
2 = Moderate lameness, normal stride length, partial weight bearing
3 = Moderate lameness, shortened stride length, partial weight bearing
4 = Severe lameness with toe touching and minimal limb use
5 = Non–weight-bearing lameness

BOX 11.3  Numerical Rating Scale

FIG. 11.1  Measurement of thigh circumference using a gulick. 

Data from Brooks D, Churchill J, Fein K, et al. 2014 AAHA weight management 
guidelines for dogs and cats. J Am Anim Hosp Assoc. 2014;50(1):1-11.

Resting energy requirement (RER) = 70 × (Ideal body weight in kg)0.75

Nonobese energy requirement = RER × 1.0 to 1.3 (depending on 
activity)

Obese energy requirement = 0.7 × RER
Goal: provide sufficient energy to achieve 1% weight loss per week until 

ideal weight is achieved

BOX 11.4  Calculating Energy 
Requirement

?



108 PART ONE  General Surgical Principles

FIG. 11.2  Body condition scoring (BCS). (Courtesy Nestlé Purina PetCare Center.)
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published normal values are for Labrador retrievers. Variation 
may occur among breeds; therefore calculating the angles of the 
contralateral, unaffected limb is important for comparison.14

DEVELOPING A REHABILITATION PLAN
The purpose of the rehabilitation assessment is to determine 
the patient’s major problems, both structural and functional. 
Once the problems are identified, the therapist develops a plan 
specific to the patient’s needs and that meets the owner’s expecta-
tions, financial and time commitments, and desired outcome. 
The rehabilitation plan for a geriatric, sarcopenic dog with a 
long bone fracture will be different from that of a canine athlete 
that has undergone a tibial plateau leveling osteotomy (TPLO) 
procedure. The plan should be specific, with described outcomes 
and timelines. Regular scheduled evaluations should be a part 
of the plan. The therapist must be able to modify the plan based 
on the patient’s progress. Table 11.2 shows an example of a detailed 
rehabilitation plan for a TPLO procedure in a young dog.

the bone proximal and distal to the joint in question. The center 
of the goniometer is placed over the axis of joint rotation as 
determined by flexion and extension (Fig. 11.4). Measurements 
are recorded for each limb and compared with a set of normal 
values, as well as to the contralateral limb (Table 11.1). The 

Skin

Fat

Muscle

Bone

Description Figure

No muscle wasting,
normal muscle mass

Mild muscle wasting

Moderate muscle wasting

Marked muscle wasting

FIG. 11.3  Muscle condition scoring. (Modified from Baldwin K, 
Bartges J, Buffington T, et al. AAHA nutritional assessment 
guidelines for dogs and cats. J Am Anim Hosp Assoc.2010;46[4]: 
285–296.)

FIG. 11.4  Measurement of tarsal flexion with a goniometer. 

Modified from Jaegger GJ, Marcellin-Little DJ, Levine D. Reliability of goniometry in 
Labrador retrievers. Am J Vet Res. 2002;63(7):979–986.

TABLE 11.1  Goniometry Normal Values 
for Labrador Retrievers
Joint Position Mean in Degrees

Carpus Flexion 32
Extension 196
Valgus 12
Varus 7

Elbow Flexion 36
Extension 165

Shoulder Flexion 57
Extension 165

Tarsus Flexion 39
Extension 164

Stifle Flexion 42
Extension 162

Hip Flexion 50
Extension 162



110 PART ONE  General Surgical Principles

are often essential to the well-being and recovery of surgical or 
neurologic patients (Fig. 11.5).

Cryotherapy
Cryotherapy or cold packing has historically been the most 
common nonpharmaceutical method of treating postoperative 
or acute postinjury pain and inflammation. It is most effective 
when applied immediately after acute trauma and for up to 72 
hours afterwards. It is a superficial treatment, but the depth of 
tissue cooling can be as great as 4 cm. Cryotherapy may also be 
used after exercise and before painful modalities.15–17 Benefits of 
cryotherapy are listed in Box 11.5.

Cryotherapy can be delivered in several ways, including 
reusable ice packs, circulating cold-water blankets, ice packs, 

THERAPEUTIC MODALITIES: GENERAL 
CONSIDERATIONS
Therapeutic modalities are used to augment medications and 
reduce pharmaceutical dosages, as well as to speed and direct 
healing in order to return the patient to full function as quickly 
as possible. The most common modalities used for pain relief 
include heat, cryotherapy, manual therapies such as massage, 
joint mobilizations and stretching, laser therapy, transcutaneous 
electrical nerve stimulation (TENS), and therapeutic ultrasound 
(TUS). Muscle strengthening and reeducation are accomplished 
using neuromuscular electrical stimulation (NMES), therapeutic 
exercises, hydrotherapy, and PNF. Assistive devices, such as 
harnesses, slings, boots, carts, orthotics, or incontinence aids, 

Treatments/
Modalities Days 1–7 Days 7–21 3–4 Weeks 5–7 Weeks 8–12 Weeks

Pain medications As directed As directed PRN PRN PRN

Cryotherapy 10–15 minutes 3 times 
daily before walks or 
exercises

Use after exercise 
for 15 minutes

PRN PRN PRN

Heat therapy Use heat before 
exercise or if dog 
is stiff

PRN PRN PRN

Massage 5 minutes 3 times daily 
prior to starting 
exercises; massage 
from toes to hip

Continue twice 
daily

Twice daily Twice daily Only if desired

PROM 10 repetitions 3 times 
daily, all joints affected 
limb—start above and 
below knee

Continue twice 
daily. If dog is 
using leg really 
well then 
decrease

Discontinue if dog 
is walking well 
and ROM is 
normal

Laser therapy Daily or every other day 
for first week

Every other day for 
first week then 
twice weekly

Twice weekly Twice weekly Discontinue

Walks 5-minute supported leash 
walk 2–3 times daily

Increase each walk 
by 2–3 minutes 
each week

Increase by  
5 minutes  
each week

Increase by 5 
minutes each 
week

15–20-minute walks 
2–3 times daily

NMES 10 minutes twice daily 10 minutes twice 
daily

Discontinue if dog 
is doing well

Balancing 5 minutes twice 
daily

5 minutes  
twice daily

One-leg standing up 
to 5 minutes

Replace with hill walks

Cavalettis/obstacles/
sit-to-stand

5 minutes twice 
daily

5 minutes  
twice daily

5 minutes twice daily 5 minutes  
twice daily

Weaving/circles 2–3 minutes  
once daily

5 minutes  
twice daily

5 minutes twice daily 5 minutes  
twice daily

Hills Zigzag low, slow hills 
5 minutes up and 
down

Increase to 10 
minutes twice daily

Underwater 
treadmill

10 minutes 3 
times weekly 
after sutures are 
removed

10 minutes  
3 times weekly

15–20 minutes twice 
weekly

15–30 minutes twice 
weekly until released 
from rehab

Swimming 8 weeks post-TPLO 
for 5–10 minutes if 
all healed

TABLE 11.2  Example Rehabilitation Protocol for a Young Dog After TPLO

NMES, Neuromuscular electrical stimulation; PROM, passive range of motion; ROM, range of motion; TPLO, tibial plateau leveling osteotomy.
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varies with patient size, size and depth of the ice pack, and the 
target tissue. The average size dog will require 10 to 15 minutes 
of cooling, whereas a large dog may require 15 to 20 minutes 
and a very small dog may only need 5 to 8 minutes of icing. 
Fatter dogs will require more time to cool the target tissue because 
adipose tissue is a poor conductor of heat.

Ice massage can be used for small areas and may be used 
before other manual therapies. Water can be frozen in paper 
cups and the paper torn away as the ice melts. An ice popsicle 
can be made by placing a tongue depressor in the center of the 
cup before freezing, which provides the therapist a handle for 
applying the ice. Treatment duration for ice massage is generally 
5 to 10 minutes. Although cryotherapy is generally safe, certain 
precautions and contraindications exist (Box 11.6). Tips for using 
ice packs are provided in Box 11.7.

Thermal Therapy
Superficial heating or thermal therapy is one of the oldest physical 
modalities. It is generally used after icing, before exercise or 

FIG. 11.5  A dog with custom orthotics. Rehabilitation patients 
may require custom orthotics for recovery. 

Data from Otte JW, Merrick MA, Ingersoll CD, et al. Subcutaneous adipose tissue 
thickness alters cooling time during cryotherapy. Arch Phys Med Rehab. 
2002;83(11):1501–1505; and Millard RP, Towle-Millard HA, Rankin DC, et al. Effect of 
cold compress application on tissue temperature in healthy dogs. Am J Vet Res. 
2013;74(3):443–447.

•	 Local vasoconstriction, which decreases blood flow thereby decreasing 
swelling, interstitial hemorrhage, and inflammation.

•	 Reduction of enzymatic tissue activity and damage through inhibition of 
the release of histamine, protease, hyaluronidase, and collagenase.

•	 Reduction of cellular metabolism. This is important because decreased 
tissue oxygen requirements prevent secondary cellular hypoxic 
injuries.

•	 Reduction in pain perception. Analgesia and a reduction in muscle 
spasm occur due to a decrease in nerve conduction velocity.

BOX 11.5  Benefits of Cryotherapy

FIG. 11.6  A dog with a cold compression system placed after 
surgery. 

Data from Niebaum K. Rehabilitation physical modalities. In: Zink MC, Van Dyke JB, 
eds. Canine Sports Medicine and Rehabilitation. Ames, IA: Wiley-Blackwell; 
2013:115–131.

•	 Avoid any previous areas of frostbite.
•	 Apply with caution in very old, very young, very small, or hypertensive 

patients, as blood pressure can be affected.
•	 Avoid superficial wounds, superficial nerves, areas of decreased 

sensation, and open fractures.
•	 Check the patient’s skin for redness or blanching after the first 5 

minutes to avoid cold injury. Do not apply ice for more than 20 minutes 
per session.

BOX 11.6  Precautions and 
Contraindications for Cryotherapy

•	 Make your own ice gel packs using 3 parts water to 1 part rubbing 
alcohol and freezing this mixture in resealable freezer bags of various 
sizes. These packs will stay malleable in the freezer.

•	 Bags of frozen peas can be used because they are malleable, but 
they will not cool as well as other methods because they contain air.

•	 Duration of ice pack application (for an average dog) is 10 to 15 
minutes on, then 10 to 15 minutes off, repeated twice. Repeat every 
4 hours for the first 24 to 48 hours.

BOX 11.7  Tips for Using Ice Packs

cold compression devices, ice cups, iced frozen towels, or vapo-
coolant sprays. Cold compression devices are frequently used 
after surgery. Circulating cold-water blankets can be used to 
decrease total body temperature and thereby decrease intracranial 
pressure in head trauma patients, but ice packs and ice massage 
are most commonly used for acute injuries in clinical practice 
(Fig. 11.6).

Ice packs can be either bags of crushed ice, ice-alcohol slushes, 
or gel packs. Gel packs, particularly human physiotherapy gel 
packs, are extremely convenient because they can be kept in the 
freezer yet still retain the ability to mold well to the desired area. 
Canine-specific cold packs that fit into preformed sleeves are 
available commercially. A thin, moist towel should be placed 
between the patient and ice pack to improve cooling and avoid 
damaging the skin.18 The length of time to apply the ice pack 
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is deep tissue heating; however, other uses such as enhancement 
of wound and fracture healing by means of tissue modulation 
and modification of cellular function have been investigated 
(Fig. 11.7). Researchers have demonstrated nonthermal effects 
of TUS that include increased nerve conduction velocities of 
both sensory and motor nerves and improved nerve healing.19–21 
TUS works by the conversion of electricity to sound waves through 
the piezoelectric effect on the crystal in the transducer head of 
the machine. It is used to heat tissues from 1 to 5 cm in depth 
without superficial heating. The frequency, intensity, and mode 
of the treatment can be modified by the therapist according to 
the patient’s condition. The thermal effects of TUS mirror those 
of superficial heating and include vasodilation, pain relief, 
increased flexibility of soft tissue, and decreased muscle spasm.19–21 
TUS requires a coupling medium to be placed between the sound 
head and the skin, as air attenuates the ultrasound beam. In 
general, a water-soluble ultrasound gel is smoothed over the 
skin, with the sound head having direct contact with the gel. 
TUS has some very specific contraindications and precautions 
(Box 11.11).15

Phonophoresis is the delivery of pharmaceutical agents using 
TUS. It is commonly used in human physiotherapy, but rarely 
in veterinary medicine. It can deliver local anesthetics or dexa-
methasone into painful muscles after surgery or injury. 

stretching, or to relieve pain and muscle spasms. Benefits of heat 
therapy are provided in Box 11.8.15 Thermal therapy can be 
delivered by hot packs, hydrotherapy, infrared lamps, heating 
blankets, and TUS. Moist hot packs are most commonly used. 
Commercial physical therapy gel packs or oat or bean bags can 
be heated in the microwave, covered with a thin towel, and used. 
A hot, wet towel covered by a dry towel works well to apply 
moist heat. Duration of treatment depends on the patient and 
condition treated; however, heat treatments generally last 15 to 
30 minutes and may be applied up to four times daily. Hot packs 
work well in conjunction with other forms of therapy, such as 
massage and exercise therapy.

Another way of applying thermal therapy is by using warm 
water baths. The patient or the affected area can be immersed 
in a warm bath, a whirlpool, or a hydro treadmill. The advantage 
of immersion therapy is that the increased hydrostatic pressure 
of the water decreases edema and improves lymphatic circulation. 
The water is often circulated with jets, and the patient receives 
the benefit of heat, massage, and increased hydrostatic pressure. 
Heating pads and infrared lamps have the potential to burn the 
patient and are not recommended, particularly for patients with 
neurologic disease who may be unable to move away from the 
source of heat. Precautions and contraindications for thermal 
therapy are listed in Box 11.9.15 Tips for using hot packs are 
provided in Box 11.10.

Therapeutic Ultrasound
Human physical therapists have used TUS to treat patients with 
pain for many years. The major indication for use of this modality 

Data from Niebaum K. Rehabilitation physical modalities. In: Zink MC, Van Dyke JB, 
eds. Canine Sports Medicine and Rehabilitation. Ames, IA: Wiley-Blackwell; 
2013:115–131.

•	 Vasodilation increases circulation to tissues, which increases tissue 
metabolic rate, improves tissue oxygenation, and decreases tissue 
edema and inflammation.

•	 Pain relief, which is mediated by an increase in the pain threshold.
•	 Decreased muscle spasm and relaxed muscle tone, which are thought 

to occur due to decreased muscle ischemia.
•	 Increased extensibility of soft tissue. Hot packing before stretching 

promotes flexibility and increases range of motion. When soft tissue 
is heated before stretching, the effect of the stretch lasts longer, and 
less force is required to maintain an effective stretch.

BOX 11.8  Benefits of Heat Therapy

Data from Niebaum K. Rehabilitation physical modalities. In: Zink MC, Van Dyke JB, 
eds. Canine Sports Medicine and Rehabilitation. Ames, IA: Wiley-Blackwell; 
2013:115–131.

•	 Protect the patient’s skin by wrapping the hot pack in a towel and 
checking the skin frequently. Discontinue heating if skin has white 
areas or red mottled areas.

•	 Do not use heat in areas of impaired sensation or with acute 
inflammation.

•	 Use with caution in obese, pregnant, and cardiac patients, as well as 
very young or very old patients.

•	 Absolute contraindications include active bleeding, malignancy, fever, 
and open wounds.

BOX 11.9  Precautions and 
Contraindications When Applying  
Heat Therapy

•	 If using commercial gel packs or oat bags, be sure to mix the gel or 
oats well within the bag before applying to the patient to avoid hot 
areas. Always place a towel between the heat source and the skin.

•	 To determine if the hot pack will be comfortable for the patient, check 
the temperature by applying it to your inner arm or neck. Put your 
hand between the hot pack and skin at least every 5 minutes to 
monitor the temperature.

•	 If using towels, fold in thirds and roll (if using around a joint) or accordion 
fold (if using for a larger area). Immerse in hot water, squeeze the 
water out, and apply to affected area. Cover with a large dry towel 
to keep the heat in.

•	 Always use hot packing before stretching.

BOX 11.10  Tips for Using Hot Packs

FIG. 11.7  Therapeutic ultrasound being applied to the paraspinal 
muscles in a dog. 
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Data from Maxwell L. Therapeutic ultrasound: its effects on the cellular & molecular 
mechanisms of inflammation and repair. Physiotherapy. 1992;78:421; Raso VV, 
Barbier CH, Mazzer N, Fasan VS. Can therapeutic ultrasound influence the 
regeneration of peripheral nerves? J Neurosci Methods. 2005;142(2):185–192; and 
Kramer JF. Sensory and motor nerve conduction velocities following therapeutic 
ultrasound. Aust J Physiother. 1987;33(4):235–243.

•	 Avoid therapeutic ultrasound over cardiac pacemakers, eyes, the gravid 
uterus or testes, spinal cord after laminectomy, open epiphyseal plates, 
bleeding areas, and areas of infection or malignancy as this may 
damage tissue, induce parturition, or cause metastasis.

•	 Use caution over fractures; in areas of decreased circulation, tem-
perature, or pain sensation; in sedated animals; in areas of boney 
prominences; and over metal implants as this may damage tissue.

BOX 11.11  Precautions and 
Contraindications of Therapeutic 
Ultrasound

Phonophoresis is used with muscle strain or painful muscles 
secondary to intervertebral disc disease surgery or medical therapy. 
Phonophoresis for these conditions is done using a compounded 
gel (dexamethasone 0.4%/lidocaine 0.1%). The settings currently 
used for phonophoresis treatments are 0.9 W/cm2, 1 mHz, 100% 
duty cycle, and 4 minutes per probe head that will fit in the area 
treated.22 Because veterinary patients are hairy, some therapists 
shave the area before TUS, whereas others use larger amounts 
of gel. However, Steiss and Adams have shown that ultrasound 
treatment applied through an intact coat considerably warms 
the coat with loss of thermal effects in underlying tissues.23

NOTE  Clipping the hair, whether it is long or short, provides more 
consistent results with TUS and reduces the amount of heat lost 
in the hair coat.

Laser Therapy
Laser is an acronym for light amplification by simulated emission 
of radiation. Laser therapy is used in veterinary medicine to 
manage pain and inflammation and improve healing,18,24 including 
promotion of healing following nerve and spinal cord injuries 
(Fig. 11.8). Research has shown laser therapy is associated with 
increased axonal sprouting and growth, increased myelination, 
reduced neuronal degeneration, and improved nerve recovery 
after injury.18 Physiologic effects of laser stimulation are provided 
in Box 11.12.

Lasers used for therapy are different than surgical lasers and 
are considered low-level lasers or therapeutic lasers, depending 
on the laser’s power. A laser is by definition collimated and 
monochromatic. The wavelength determines the penetration of 
the laser energy. Laser power is measured in milliwatts or watts. 
There are four classes of lasers that are divided according to the 
power produced. Class 1 lasers produce less than 0.5 mW (e.g., 
a supermarket scanner). Class 2 lasers produce up to 1.0 mW 
(e.g., laser pointers). Class 3a, 3b, and 4 are the classes into which 
most therapy lasers fall. Classes 3a, 3b, and 4 lasers produce 1.0 
to 100 mW, 100 to 500 mW, and greater than 500 mW, respectively. 
Surgical lasers are class 4.

NOTE  Laser therapy is beneficial after spinal surgery in dogs with 
intervertebral disc disease lesions of the T3–L3 region. If laser is 
applied daily for 5 days after surgery, time to ambulation is decreased.8

NOTE  To observe beneficial effects and mitigate pain, dogs with 
elbow arthritis and lumbosacral disease may need increased dosages 
of laser (i.e., 18–20 J/cm2).24

FIG. 11.8  A dog with a shoulder injury receiving laser therapy. 
Note the protective eyewear that the persons administering the 
therapy and the dog are wearing. 

Data from Draper WE, Schubert TA, Clemmons RM, Miles SA. Low-level laser 
therapy reduces time to ambulation in dogs after hemilaminectomy: a preliminary 
study. J Small Anim Pract. 2012;53(8):465–469; and Looney A, Huntingford JL, 
Blaeser L, et al. A comparison of sham versus actual low level light therapy (LLLT) in 
treatment of canine elbow osteoarthritis pain and lameness. 44th Annual Veterinary 
Orthopedic Society Conference, Snowbird, UT, March 11–18, 2017.

•	 Chromophores in the cell mitochondria absorb the laser light energy, 
causing increased production of oxygen, adenosine triphosphate, and 
DNA; increased cell permeability; and decreased cyclooxygenase and 
prostaglandin E2 production.

•	 Stimulation of stem cells.
•	 Promotion of tissue repair through angiogenesis, stimulation of fibroblast 

production and collagen synthesis, and growth factor release.
•	 Increased activity of leukocytes.
•	 Increased healing of nerves, connective tissue, and ligaments.
•	 Pain reduction through change in nerve conduction and increased 

levels of endogenous opiates or through stimulation of acupuncture 
points.

BOX 11.12  Physiologic Effects of  
Laser Stimulation

Laser therapy is measured in joules (J) of energy, which is the 
power emitted over time. One joule is the amount of energy 
delivered by one watt of laser energy in one second. For example, 
it takes 2 seconds for a 500-mW laser to deliver 1 J of energy 
(500 mW × 2 seconds = 1 W second or J). A 10 W laser  
will deliver 1 J in 1

10 of a second. From a therapeutic standpoint, 
a higher-power laser will deliver a therapeutic dose in a shorter 
period. Research has shown different laser energy doses  
for therapy; however, for tissue healing the dose is usually 1 to 
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disposable electrodes meant for human use, which are of limited 
use in veterinary patients due to their hair. Nonsticky carbon 
electrodes that can have gel applied and are taped to the skin 
are preferable. Treatment time for both modalities is generally 
15 to 20 minutes.

Data from Niebaum K. Rehabilitation physical modalities. In: Zink MC, Van Dyke JB, 
eds. Canine Sports Medicine and Rehabilitation. Ames, IA: Wiley-Blackwell; 
2013:115–131; Draper WE, Schubert TA, Clemmons RM, Miles SA. Low-level laser 
therapy reduces time to ambulation in dogs after hemilaminectomy: a preliminary 
study. J Small Anim Pract. 2012;53(8):465–469; and Looney A, Huntingford JL, 
Blaeser L, et al. A comparison of sham versus actual low level light therapy (LLLT) in 
treatment of canine elbow osteoarthritis pain and lameness. 44th Annual Veterinary 
Orthopedic Society Conference, Snowbird, UT, March 11–18, 2017.

•	 Use protective eyewear and do not treat the eye area; laser light can 
damage the retina.

•	 Use caution over metal implants.
•	 Use with caution in seizure patients.
•	 Do not treat over the gravid uterus, neoplasia, growth plates, or open 

fontanels; this may cause metastasis or induce parturition.
•	 Dark-colored skin can absorb light and undergo excess heating, thus 

burning the patient.

BOX 11.13  Precautions and 
Contraindications for Laser Therapy

NOTE  When using class 3b and class 4 lasers in dogs with dark 
hair, hold the head of the laser off the skin by 1 inch to avoid heating 
the hair. Be sure the head is perpendicular to the skin.

Data from Niebaum K. Rehabilitation physical modalities. In: Zink MC, Van Dyke JB, 
eds. Canine Sports Medicine and Rehabilitation. Ames, IA: Wiley-Blackwell; 
2013:115–131.

•	 Do not use over the heart or in animals with pacemakers; this may 
induce abnormal rhythms.

•	 Do not apply over the pregnant uterus; this may induce parturition.
•	 Do not use over areas of neoplasia or thrombosis; this may cause 

metastasis or a thromboembolism.
•	 Do not use in animals with seizures.
•	 Do not apply over the carotid artery.
•	 Use with caution in areas of skin damage or decreased sensation.

BOX 11.14  Precautions and 
Contraindications When Using Electrical 
Stimulation

FIG. 11.9  Proper application of neuromuscular electrical stimula-
tion for muscle stimulation after surgery. 

Modified from Niebaum K. Rehabilitation physical modalities. In: Zink MC, Van Dyke 
JB, eds. Canine Sports Medicine and Rehabilitation. Ames, IA: Wiley-Blackwell; 
2013:115–131.

•	 Frequency: 25–50 Hz
•	 Pulse duration: 100–400 µs
•	 Ramp up and down: 2–4 seconds
•	 On/off time ratio: 1 : 3–1 : 5

BOX 11.15  Parameters for 
Neuromuscular Electrical Stimulation

5 J/cm2 and for pain 4 to 10 J/cm2. With lower-power lasers, 
such as class 3a and 3b lasers, spot treatment is generally done, 
whereas with a class 4 laser the dose is administered in a sweeping 
fashion. Precautions when using lasers are provided in Box 11.13.

Transcutaneous Electrical Nerve Stimulation and 
Neuromuscular Electrical Stimulation
TENS is one of two electrical stimulating modalities used in 
rehabilitation therapy for pain control, the other being NMES. 
TENS works on the sensory nerves to provide pain relief by 
applying high-frequency current to the skin and mediating pain 
relief through the gate theory of pain inhibition. TENS is generally 
applied immediately postoperatively, but it may be used to provide 
pain relief during treatment. The effect of TENS is transient in 
veterinary patients; however, longer-acting relief may be achieved 
using a high-intensity low-frequency current, known as 
acupuncture-like TENS, which is applied to acupuncture points 
and causes endorphin release. Precautions and contraindications 
when using any type of electrical stimulation, whether for pain 
relief or strengthening, are provided in Box 11.14.15

Different equipment is used for TENS compared with NMES. 
NMES is most frequently used in rehabilitation of neurologic 
patients (particularly tetraparetic or paraparetic animals) because 
it stimulates motor nerve and muscle fibers (Fig. 11.9). NMES 
contracts muscles, reduces edema, and assists with wound healing. 
In a weight-bearing animal it can be used to increase the force 
of contraction. It can also be used to assist gait retraining after 
surgery or injury. It is generally performed daily, or at least three 
times weekly, and with an amplitude sufficient to cause contrac-
tion. Postoperative NMES works best if done in the first 1 to 4 
weeks after surgery or injury and is of questionable value in 
cases of lower motor neuron disease. Parameters for NMES are 
provided in Box 11.15.

Electrical stimulation is applied from the unit by leads and 
electrodes. These must be flexible and conform to the skin. The 
electrodes need to have low resistance and be highly conductive, 
inexpensive, and reusable. Most TENS and NMES machines have 
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Joint mobilization is used to assess the joint and improve the 
actions between joint surfaces (joint arthrokinematics). It involves 
stretching the joint capsule, ligaments, and any fibrous tissue 
that may be present. Joint mobilizations include glides or slides, 
oscillations (rolls, spins), distractions, and compressions of the 
joint. The goals of joint mobilization are to improve joint 
arthrokinematics, decrease pain, improve joint alignment, and 
reduce muscle spasm.27 Joint mobilizations are graded according 
to the scale provided in Table 11.3.

Joint mobilizations are used after surgery or injury in any 
joints that are stiff and painful. The effectiveness of these manual 
therapy techniques depends on the skill level of the therapist. 
Joint mobilizations should only be practiced by those who have 
had sufficient training in these techniques. Contraindications 
to joint mobilization are provided in Box 11.17.25

Massage or Soft Tissue Mobilization
Soft tissue mobilization (STM) or massage involves tissue 
manipulation not associated with bones or joints. The pain-
relieving effects of massage are produced through the release of 
endorphins and activation of neuropeptides, the intercellular 
messages within the nervous system. Manual manipulation of 
tissue can increase circulation, loosen stiff muscles, reduce excess 
interstitial fluid, and help minimize muscle atrophy (Fig. 11.10). 

Extracorporeal Shock Wave Therapy
Extracorporeal shock wave therapy (ESWT) has been used 
extensively since the 1970s to treat musculoskeletal problems in 
horses. In human medicine it has been used for lithotripsy and 
such musculoskeletal conditions as plantar fasciitis, calcifying 
tendonitis, and delayed unions. In dogs it has been used in the 
treatment of osteoarthritis, particularly elbow arthritis, supra-
spinatus tendinopathy, and patellar ligament desmitis.25 Although 
the exact mechanism by which ESWT acts on bone is not fully 
understood, studies have shown greater osteogenic activity and 
strength in treated bone in addition to decreased inflammation, 
short-term analgesia, and increased vascularization of surrounding 
tissue. Extracorporeal shock wave generators produce acoustic 
waves of high pressure and velocity. These waves are characterized 
by high-amplitude acoustic pressures and differ from ultrasound 
waves because of their lower frequency, minimal tissue absorption, 
and lack of a thermal effect.26

ESWT can be delivered as focused or radial shock waves. 
Focused shock waves converge on a small target point and do 
not expose surrounding tissues to the same peak pressures as 
the focused point. There are three types of focused shock wave 
generators: piezoelectric, which uses crystals to generate the shock 
wave; electromagnetic, where magnetic fields produce the shock 
wave; and electrohydraulic, which uses a high-voltage spark gap 
that causes plasma bubble generation. In the latter, expansion 
and collapse of the bubble produces the shock wave.

Radial shock waves are generated pneumatically and move 
more slowly through the tissue with a lower pressure, reduced 
depth of penetration, and exposure of all tissues to the same 
pressure. The stimulation effects and therapeutic mechanism of 
focused verses radial shock waves are similar; however, radial 
shock waves are well suited for indications closer to the surface 
of the body, whereas for deeper target areas, focused shock wave 
therapy seems to be more favorable.26

Application of ESWT requires heavy sedation or light anes-
thesia because the procedure is painful. The area to be treated 
needs to be clipped and ultrasound gel applied as a coupling 
agent. The direction of the application and length of time depends 
on the condition and body part treated. In general, most condi-
tions require 500 to 1000 shocks, with two treatments 3 to 4 
weeks apart. Adverse effects can include bruising, petechiae, and 
pain. These patients commonly require nonsteroidal antiinflam-
matory drugs after treatment. Precautions and contraindications 
for ESWT are provided in Box 11.16.26

Manual Therapies for Pain Relief
Manual therapy techniques are used in canine rehabilitation 
practice to modulate pain; induce relaxation; improve tissue 
extensibility; increase ROM; mobilize joints and soft tissues; and 
reduce soft tissue swelling, inflammation, and edema. Common 
manual therapies include joint mobilizations, massage, passive 
ROM, and stretching. Some manual therapies require minimal 
training, whereas others, such as joint mobilization, require a 
high level of skill to be performed safely and effectively. Specific 
canine indications for manual therapy include pain and restricted 
motion secondary to canine hip dysplasia, elbow dysplasia, 
intervertebral disc disease, and osteoarthritis. Mobilizations, 
whether joint or soft tissue, are passive movements that are either 
oscillatory or a sustained stretch performed in such a manner 
that the patient can prevent the motion if so desired.25,27 These 
motions can be performed anywhere within the available ROM. 

Data from Adamson CP, Taylor RA. Preliminary functional outcomes of extracorporeal 
shockwave therapy on ten dogs with various orthopedic conditions. Proceedings of 
the Second International Symposium on Rehabilitation and Physical Therapy in 
Veterinary Medicine, Aug 10-14, Knoxville, TN: University of Tennessee; 2002:195; 
and Ogden JA, Alvarez RG, Levitt R, Marlow M. Shock wave therapy (orthotripsy) in 
musculoskeletal disorders. Clin Orthop Relat Res. 2001;(387):22–40.

1.	Do not expose the lung fields, brain, heart, major blood vessels, nerves, 
or a gravid uterus to shock waves; this may cause disruption in the 
organs, damage the fetus, or induce parturition.

2.	Do not use near gas-filled cavities or organs because the pressure 
waves may enhance gas bubbles and damage the organs.

3.	Do not apply over areas that are infected or over neoplasia or unstable 
fractures.

4.	Do not use in dogs with immune-mediated joint disease or in those 
with neurologic deficits.

BOX 11.16  Precautions and 
Contraindications for Extracorporeal 
Shock Wave Therapy

TABLE 11.3  Maitland Grades of Joint 
Mobilization
Grade Description Use

1 Fast, small amplitude at 
beginning of ROM

Pain relief

2 Slow, large amplitude, 
first half ROM

Provide early ROM, pain 
relief

3 Slow, large amplitude, 
mid to end ROM

Stretches joint capsule and 
ligament

4 Fast, small amplitude at 
end of ROM

Resolve inappropriate fibrous 
tissue adjacent to joint

5 Manipulation: small 
amplitude quick thrust

Chiropractic adjustment

ROM, Range of motion.
Data from Coates J. Manual therapy. In: Zink MC, Van Dyke JB, eds. Canine Sports 
Medicine and Rehabilitation. Ames, IA: Wiley-Blackwell; 2013:100–114.
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massage. Petrissage is short, quick strokes with moderate to deep 
pressure that is parallel perpendicular, or across the direction 
of the muscle fibers. Wringing, skin rolling, and kneading are 
all part of petrissage. Tapping on the muscle, or tapotement, is 
done with fingertips to stimulate weak muscles (Video 11.3). 
Friction or cross friction massage is performed by applying 
moderate pressure to scars, tendons, and ligaments to break up 
scar tissue. It can be performed perpendicular to the tendon, 
along the tendon, or circularly over the tendon and is usually 
done for 5 to 10 minutes. Trigger point therapy is a technique 
that applies digital pressure to a trigger point, which is a firm, 
tender area of muscle. Trigger points can be treated with pressure, 
dry needling, or injection.28 Precautions and contraindications 
for massage are provided in Box 11.18.28

Passive Range of Motion and Stretching
ROM exercises and stretching are important after surgery, in 
neurologic patients, or for those with chronic disease. The normal 
ROM of a joint is affected by the joint structure and integrity 
and the type of soft tissue surrounding it. Normal ROM can be 
measured by a goniometer, with each joint having characteristic 
angles of flexion and extension (see Fig. 11.4). When joint motion 
is restricted, normal muscle ROM or functional excursion may 
also be restricted. Functional excursion of a muscle is defined 
as the amount the muscle can shorten after having been maximally 
elongated. Muscles that cross two joints, such as the biceps brachii, 
may lose functional excursion more quickly than muscles that 
cross only one joint. In these muscles in particular, passive range 
of motion (PROM) exercises are important to prevent disuse 
atrophy and mitigate the effects of immobilization.28

PROM involves taking the joint through its normal, comfort-
able ROM. It is performed by a therapist to increase muscle 
extensibility, prevent and treat stiffness, improve and maintain 
joint arthrokinematics, and to improve lymphatic drainage and 
circulation. PROM is necessary for all rehabilitation patients but 
is particularly useful for the nonambulatory patient. It can be 
accomplished with the patient in lateral recumbency, over a 
therapy ball or peanut, or in a sling or cart to maintain a standing 
position. The latter two allow gravity to pull the limbs down 
and provide sensory input to the limbs. Each limb should be 
done separately and at a minimum of three times a day. It is 
important to move all the joints of each limb when doing PROM, 
not just the joints on the affected limb. When performing PROM, 
the origin of the muscle is stabilized and the insertion moved 
(Fig. 11.11). A 30-second passive stretch is usually adequate. The 
stretch must be effective and not painful. Neurologic and 
postoperative patients are at risk for contractures of tendons 
and ligaments, which can be mitigated by PROM. Caution should 
be used when performing PROM in animals that are geriatric, 
have decreased sensation, or are in pain or when it is done 
immediately after surgery. Forceful PROM can damage bone 
and cartilage (Video 11.4).

Massage is particularly important in recumbent neurologic or 
orthopedic patients with paresis or painful and stiff muscles. If 
the dog is confined or on restricted exercise, STM can help retain 
muscle tone and condition. Teaching STM techniques to the 
owner provides psychological benefit to the dog and the owner 
associated with increased touch; in addition, the owners feel that 
they are participating in the dog’s recovery. Several massage 
techniques can be used depending on the patient needs. Massage 
is generally done for 15 to 20 minutes and can be done several 
times a day, if needed (Video 11.2).

Various STM techniques may be chosen depending on the 
treatment goal and the patient’s condition. Effleurage is long 
slow strokes with light to moderate pressure that runs parallel 
to the muscle fibers. It is often used at the beginning of the 

Data from Coates J. Manual therapy. In: Zink MC, Van Dyke JB, eds. Canine Sports 
Medicine and Rehabilitation. Ames, IA: Wiley-Blackwell; 2013:100–114.

•	 Do not use in areas of spinal instability.
•	 Use with caution if there is a neoplasm or infection (osteomyelitis) 

present in the adjacent bones.
•	 Be cautious if there are sutures over the joint.
•	 Perform with care if there is a recent, nonhealed, or partially healed 

fracture.
•	 Perform cautiously if the animal has unmitigated pain.
•	 Beware if the joint feels “bony” or empty or if there are muscle 

spasms.

BOX 11.17  Precautions and 
Contraindications for the Use of Joint 
Mobilization

FIG. 11.10  Chronic pain patient receiving a massage. 

Modified from Sutton A, Whitlock D. Massage. In: Millis DL, Levine D, eds. Canine 
Rehabilitation and Physical Therapy. 2nd ed. Philadelphia: Elsevier; 2014:464–483.

•	 Fever or shock
•	 Areas of acute inflammation
•	 Infectious skin diseases
•	 Acute viral infections

BOX 11.18  Precautions and 
Contraindications for Massage
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the patient’s age and physical condition, condition treated, and 
resources available. Exercises can be used for weight loss; to 
improve a patient’s ROM; to improve muscle strength, weight 
bearing, flexibility, balance, and proprioception; to improve 
aerobic capacity (endurance) and performance; and to decrease 
pain and improve healing after surgery. Therapeutic exercises, 
as part of a home exercise program, allow owners to become 
involved in their pet’s recovery and often strengthens the bond 
with a disabled pet.

After evaluating the patient, identifying problems and 
structure(s) involved, as well as the amount of tissue healing 
that has taken place, the therapist must set both long- and short-
term goals. It is important that the owner’s goals are in line with 
those of therapist. Each part of the program (proprioception, 
strength, endurance, and flexibility) should have specific goals, 
which will vary with the patient and injury. Once the goals are 
set and the program is designed, it is important for the therapist 
to evaluate the patient at each visit. Asking and documenting 
questions about soreness or activity after the last session is crucial. 
This allows the therapist to adjust the program as needed so the 
patient continues to progress through the rehabilitation process. 
At no time should the patient be harmed or uncomfortable. If 
soreness persists longer than 2 hours after exercise, the exercise 
may be too intense or the patient may need to be reevaluated. 
Prophylactic pain control and ice application after exercise may 
be needed, particularly for postoperative patients. In weak, ataxic, 
or nonambulatory patients, assistive devices must be used for 
exercise; this can include booties to protect feet from scuffing 
the floor or harnesses or slings to assist in ambulation. Frequency, 
intensity, and duration of exercise are increased as the patient 
heals to further challenge them and to strengthen muscles. It is 
usually safe to increase the activity by 10% to 15% each week 
if the patient does not experience an increase in pain or a loss 
of function.23 It is important to monitor the patient for signs of 
fatigue (e.g., lagging behind, refusing to do exercises, panting, 
laying down, having a spade-shaped tongue, drooping of the 
tail and ears, or developing an elevated heart rate or muscle 
trembling). If these signs occur, one additional rep should be 
requested from the patient to preclude avoidance behavior. The 
patient’s behavior the next day should be noted and the exercise 
program adjusted if necessary.30–32

Harnesses, safety vests, and leashes should be used to control 
the patient during exercise. Harnesses that do not restrict shoulder 
motion are used for rehabilitation. For patients that are not 
ambulatory or ataxic, front and back end harnesses may be used 
to assist both the patient and therapist (Fig. 11.12). Booties should 
be used on slippery surfaces or if the dog is weak and drags its 

NOTE  PROM works best on warmed muscles that have been heated 
with hot packs.

FIG. 11.11  Passive range of motion being performed in a patient 
with joint disease. 

To avoid pain and spasm, flex and extend each joint of the affected 
limb approximately 10 times before flexing the entire limb.

Special Considerations for Neurologic Patients
Proprioceptive Neuromuscular Facilitation
After stretching and PROM, it is important to reeducate unre-
sponsive muscles. In general, these are muscles that are antagonistic 
to those shortened through contracture, or by spasticity. This 
reeducation process takes place through PNF patterning. PNF 
is used to simulate movement patterns that are ingrained and 
functional. Common patterns include walking, running, scratch-
ing, sit to stand, movement from lateral to sternal recumbency, 
kicking back, and turning. PNF patterns can be done in any 
position depending on the disability. One example of PNF pat-
terning is passive walking or running, which is often performed 
in paretic dogs in an underwater treadmill (UWTM) with a 
therapist moving the legs and placing the dog’s feet. Use of 
therabands to assist in gait patterning is another example of 
PNF patterning. To be effective these patterns should be repeated 
multiple times per day.29 Tips for stimulating a neurologic patient 
are given in Box 11.19 (Videos 11.5 to 11.7).

THERAPEUTIC EXERCISES
Therapeutic exercises are a crucial component of any patient’s 
rehabilitation program, regardless of problem or diagnosis. 
Exercises need to be tailored to the individual patient considering 

•	 Try a small vibrator or an electric toothbrush to stimulate weak muscles.
•	 Tap over muscle bellies to stimulate muscles to contract.
•	 Consider postural reflexes such as wheelbarrowing or hopping.
•	 Wrap a tensor around the patient from the front to the back to create 

awareness and connect front and rear of the animal. Alternatively, 
use a medical shirt or storm coat to do this.

•	 Remember that any sensory stimulation you can provide will stimulate 
the superficial receptors.

•	 Be sure to counsel clients regarding lifestyle changes (e.g., keep the 
animal on nonslip flooring, raise the food and water bowls, and don’t 
allow the animal to use stairs or jump.)

BOX 11.19  Tips for Stimulation of the 
Neurologic Patient
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Weight Shifting, Unsteady Surface
These exercises are used to improve weight bearing and propriocep-
tion. This exercise, which can be done in many ways, is performed 
on an unsteady surface such as a ball, air mattress, or cushion. Start 
with two paws on the uneven surface and move the patient around 
it, then have the patient walk across the surface. Progress to standing 
on the surface while you apply gentle pressure to each hip or shoulder 
in a back-and-forth motion to challenge balance. Be sure to use a 
harness to control the patient so it does not lose balance and fall.

Balance Boards, Balance Discs, or BOSU Ball
In addition to balance and proprioceptive training, this exercise 
also strengthens limb muscles (Fig. 11.13). Place either both front 
or hind legs (the affected leg and contralateral unaffected leg) on 
the disc, or alternatively place all four feet on it. Control the patient 
with a harness and rock the board back and forth. To encourage 
the dog to walk and stretch while maintaining their balance, have 
it take treats from different locations on the board. Attempt to have 
the dog maintain balance despite movement of the board or disc. 
Start with 3 to 5 minutes twice daily and increase the duration as 
the patient gains strength. To increase the challenge, place two legs 
on a peanut or physio roll or BOSU ball. For home exercises, 
cushions or air mattresses can be used.

Cavaletti Course
A cavaletti course strengthens limb muscles, improves joint ROM, 
and benefits all ambulatory patients, including geriatric patients, 

feet. Doing exercises over balls, foam rollers, or peanuts or while 
in a sling can be useful for neurologic patients.

Equipment Required for Therapeutic Exercise
Many therapeutic exercises require minimal equipment; however, 
others require specific pieces of equipment such as physioballs 
or rolls, cavellettis, weave poles and cones, planks/blocks or stairs, 
balance boards or discs, therabands, mini-trampolines, or land 
treadmills (Table 11.4).

Balance and Proprioceptive Exercises
Balance and proprioceptive exercises are used to encourage limb 
use and improve body awareness and proprioception; some also 
strengthen selected muscles.30–32 These exercises allow the patient 
to recognize that the affected limb is no longer painful and that 
it is possible to regain a normal posture. Some of these exercises 
can be started as early as 24 hours postoperatively.

Assisted Standing Exercises
These exercises are used for nonambulatory patients. Support 
the patient with a harness or sling. Using the pelvis, assist the 
patient from a seated to a standing position. Encourage the patient 
to support weight for as long as possible. Increase the time as the 
animal gains strength and regains balance (Video 11.8).

Rhythmic Stabilization/Weight Shifting
These exercises are used to increase weight bearing and balance. 
Perform while the dog is standing on a flat, even surface. Place 
your hands on either side of the dog’s ilium and slowly sway the 
dog from side to side, making sure both legs are weight bearing. 
Do not use enough force to cause the dog to lose its balance.

FIG. 11.12  A poodle in an assistive harness on a BOSU ball. 
This harness has back and front end handles, making it easier 
to safely perform exercise. 

TABLE 11.4  Equipment Required for 
Therapeutic Exercise Typically Found in a 
Rehabilitation Center
Equipment Used To

Physio balls or 
rolls

•	 Build strength in all quadrants
•	 Develop core strength, balance, and 

proprioception

Cavalettis or 
ground poles

•	 Train gait, improve proprioception, and 
strengthen the forelimb and hind limb 
flexor muscles

•	 Ιmprove active range of motion of all joints

Weave poles 
and cones

•	 Create lateral flexion of the spine
•	 Strengthen the adductor and abductor 

muscles
•	 Ιmprove balance and proprioception

Planks/blocks or 
stairs

•	 Strengthen limb muscles
•	 Develop core musculature
•	 Ιmprove proprioception

Balance boards 
or discs

•	 Develop strength and balance, particularly 
in the stabilizer muscles

Therabands •	 Can be used as part of an exercise 
program to facilitate limb movement in 
neurologic cases, or

•	 To facilitate muscle strengthening and gait 
training

Mini-trampolines •	 Βalance and proprioceptive training in cats 
and small dogs

•	 Particularly useful following spinal surgery 
to regain core muscle strength

Land treadmills •	 Can be used in place of outdoor walking to 
build cardiovascular fitness and strengthen 
limb muscles












