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Preface

In the 2nd Edition of Farm Animal Surgery we strive to
update, correct, and improve upon the first edition. The
contributors to our efforts include outstanding veterinary
surgeons and clinicians from around the globe. We are so
grateful for their input and shared experience.

We hope this serves as a useful tool for veterinary stu-
dents, practitioners, and residents-in-training as well as indi-
viduals dealing with comparative species such as zoo
medicine and surgery. We have attempted to provide a com-
prehensive array of surgical options for the most common
conditions of farm animals, with an emphasis on dairy cattle.
In the past, single-animal treatment in commercial herds and
hobby farms formed the basis of our emphasis in traditional
farm animals. The advent of rescue organizations has been a
major event since the last edition that has “pushed us” at
Cornell University Nemo Hospital for Farm Animals to
develop and deliver a level of care that was not previously
possible in production animals. Therefore, sophisticated pro-
cedures are appearing in all farm animal species and are
reflected in this edition. Some of the described procedures
may not be appropriate in management of traditional farm
animals versus zoo animal versus animals at rescue centers.
The readers should take this into account.

We feel fortunate to have spent the majority of our
professional careers at Cornell University and would like
to acknowledge our colleagues in our own and all associ-
ated specialties, who provide us with advice, guidance, and
friendship every day and willingly share their expertise.
We could not practice our specialty at the desired level
without the advice and recommendations of fellow anes-
thesiologists, internists, radiologists, ophthalmologists, and

theriogenologists. We encourage readers to seek advice and
consultation from appropriate veterinarians, specialists, and
paramedical support (veterinary technicians, surgical nurses,
physical therapists, and orthotists).

We also want to recognize our surgical residents. We
have, over many years, been fortunate to have these unique,
extraordinarily talented young veterinarians to work with.
They have gone on to outstanding careers, and we are very
proud of their accomplishments. We also work day in and
day out with our veterinary technicians, who are such an
integral part of our team. Our students are bright and engag-
ing, keeping us on our toes and challenging us every day.
Both residents and students offer a promising view of the
future of veterinary medicine

This edition would not have been possible without the
substantial efforts of the team at Elsevier: Penny Rudolph,
Brian Loehr, and Cindy Mosher. Patty Reynolds from Cor-
nell’s imaging section has been invaluable in finding radio-
graphs. Lisa Mitchell from Cornell helped immensely with
editing text and arranging figures for each chapter.

We want to mention two of the farm animal clinicians
who have come before us from Cornell University. They
were “giants” in the field of Farm Animal Medicine and
Surgery and truly pioneers in their time. These include Dr.
Bill Rebhun, our beloved friend, an internist and ophthal-
mologist, whom we miss every day. Dr. Francis Fox, recently
passed, was an iconic figure in ambulatory medicine, with
astonishing powers of observation, all the while being sly and
mischievous. With this book we honor them and all they
taught us and so many generations of veterinarians.

ix
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PART |

GENERAL CONSIDERATIONS
TO ALL SPECIES

CHAPTER 1

Examination of the Surgical Patient

Gillian A. Perkins, Thomas J. Divers, Mary C. Smith and Robert J. Callan

EXAMINATION OF ADULT CATTLE

Gillian A. Perkins

PHYSICAL EXAMINATION

This section focuses on examination of the adult cow with
emphasis on the abdomen. Examination of the other body
systems is discussed in the relevant chapters. Every good
physical examination begins with a complete history. The
basic information consists of the cow’s lactation number,
days in milk, diet, and pregnancy status. The herd person
typically provides this information and any additional infor-
mation, including any fever, ketosis, mastitis, metritis, previ-
ous medications or surgery, feed intake, changes in ration,
and manure production.

The physical examination should begin with an evalua-
tion of the overall well-being of the cow and her attitude.
Simply noting if the cow is cleaning her nose and passing
manure provides a quick assessment of her condition. Many
diseases in the cow present as merely a decrease in milk
production and appetite (e.g., left-displaced abomasum
[LDA], right-displaced abomasum [RDA], and ruminal dis-
tention), and the cow often appears quiet yet somewhat
normal. The more acute, severe disorders, such as lactic
acidosis, abomasal volvulus (RVA), cecal volvulus, and hard-
ware disease typically show more severe signs, including
evidence of dehydration, abdominal pain, and general
malaise. A history of colic and/or the presence of abdominal
pain at the time of physical examination should alert the
veterinarian to act quickly and suspect causes such as indi-
gestion or diseases that require surgical attention, including
intestinal obstruction or cecal disorders.

Hydration can be estimated by evaluating a palpebral or
cervical skin tent, moistness of the nose, and depth of the
eye within the socket. A packed cell volume (PCV) and
total protein quantitates the hydration status of the cow. The
temperature, pulse, and respiratory rates will indicate the
systemic health of the patient. One must also look for evi-
dence of hypocalcemia, such as muscle fasciculations, weak-
ness, sluggish papillary light reflexes, and cold extremities
(e.g., the pinna), which could result in rumen and intestinal
hypomotility.

The paralumbar fossas and the right paramedian abdomen
should be evaluated for evidence of previous surgery or
toggle-pin fixation. A quick oral examination should be per-
formed to check for oral ulceration and abnormal breath
(ketosis or lung abscess). Concurrent periparturient disor-
ders, such as mastitis and ketosis, often exist. Therefore an
examination of the udder that includes palpation, a Califor-
nia mastitis test (CMT), and strip-plate analysis, along with
a urine ketone test, is indicated for completeness.

Examination of the gastrointestinal tract includes evalu-
ation of the abdominal shape for distention, auscultation of
the rumen and intestinal motility, simultaneous auscultation
and percussion (pinging), succussion, and rectal examina-
tion. Ancillary diagnostic tests, such as abdominocentesis,
rumen-fluid analysis, and passage of an ororumen tube, can
be performed to help differentiate the exact diagnosis. This
chapter will now be divided into two main categories pre-
ceded by a discussion of ancillary diagnostic tests: disorders
that cause abdominal distention and those that cause tym-
panic resonance.

DIAGNOSTIC PROCEDURES

Rumen-Fluid Analysis

Rumen fluid can be obtained by passing an ororumen tube
(a stomach tube into the rumen) or a weighted tube or by
rumenocentesis. The smell and color of the fluid obtained
can be evaluated subjectively. Rumen fluid is generally aro-
matic, and, depending on the diet of the cow, the color can
range from green to yellow to brown. A milky-to-brown
color with a very pungent sour or acidic odor indicates grain
engorgement (Figure 1-1). The presence of multiple small
bubbles gives rise to a foamy appearance that is usually
termed frothy bloat. Depending on the diet, the normal pH
ranges from 5.5 to 7.5; pH below 5.5 indicates rumen acido-
sis. Contamination of the rumen fluid with bicarbonate-rich
saliva is the most common reason for a high rumen-fluid pH.
Pathologic reasons for a pH greater than 7.0 include decreased
activity of the rumen flora, whereas a pH greater than 8.0
suggests urea toxicity. Other special tests—such as a Gram
stain and direct microscopic examination for protozoa,
methylene blue test, and sediment activity test—have been
described but often do not have a practical application for

1



2 PART I e General Considerations to All Species

Figure 1-1 Rumen fluid from a Brown Swiss steer that ingested
excessive amounts of bagels 3 days before. The pH of the fluid
was <5. It had a very pungent odor and was a chocolate milk
consistency and color.

the veterinarian in the field and provide little information
other than what can be gained from a good physical assess-
ment of the cow. A high rumen chloride (>30-35 mEq/L,
normal <25-30 mEq/L) is consistent with reflux of chloride
from the abomasum into the forestomach compartments and
supports a diagnosis of pyloric outflow obstruction (poste-
rior functional stenosis).

Ororumen Tube

With a cow in a stanchion or head-gate, an ororumen tube
can best be passed by the operator standing beside the cow’s
head. The arm closest to the cow is placed over the bridge
of the nose, and the hand is placed in the oral cavity (dental
space) by opening the mouth and lifting dorsally. The oppo-
site hand (farthest away from the cow) is free to gently pass
the Frick speculum into the mouth along the hard palate.
The hand that is holding the mouth open can be used to
guide the speculum caudally by placing the speculum
between the hard palate and the cup of the hand. A slight
resistance is palpated as the base of the tongue is reached.
With continued gentle pressure, the speculum is advanced
slightly into the oropharynx. Pressure should not be exces-
sive as pharyngeal trauma can be a complication. The specu-
lum is then stabilized by the hand that restrains the mouth
and head. At this point, the tube can be passed through the
speculum into the pharynx and advanced into the esophagus
and the rumen. Simultaneously distending the esophagus
with gas by blowing into the tube as it advances may make
passing the tube easier. Once the rumen is entered, a char-
acteristic odor and rush of gas is usually heard. To confirm
placement of the tube, one can blow into the tube and have
someone auscultate over the left paralumbar fossa for bub-
bling sounds in the rumen. Palpation of the tube in the
cervical esophagus also confirms correct placement. The
tube can be manipulated back and forth and manual pressure
applied to the left paralumbar fossa to try to obtain fluid or
gas. At this point, samples should be obtained and any
therapy administered. This may include intraruminal fluids,

Figure 1-2 Passing a Kingman tube in a Brown Swiss steer with
carbohydrate overload. The head should be kept straight to
minimize pharyngeal trauma.

rumenotorics, transfaunate, or electrolytes. Should the cow
begin to regurgitate around the tube, the head should be
flexed and lowered to prevent aspiration of rumen contents,
and the tube should immediately be occluded and pulled
with a steady stroke moving outward and ventrally. Kinking
the end of the tube to prevent backflow of rumen contents
into the pharynx of the cow decreases the risk of aspiration
pneumonia. Unkinking the tube and holding the dependent
aspect over a collection device (fecal cup, bucket, etc.) may
permit retrieval of fluid from within the tube lumen.

The Kingman tube is a large-diameter tube that is used
to evacuate abnormal rumen contents or for rumen lavage to
alleviate the need for surgery or decrease abdominal disten-
tion in preparation for surgery. The cow’s head must be held
straight, forward, and slightly raised above horizontal. A
speculum is placed in the oral cavity; copious lubrication is
applied to the tube, and with gentle pressure, it is passed
down the esophagus to the rumen (Figure 1-2).

Abdominocentesis

Analysis of peritoneal fluid can be helpful in establishing a
diagnosis and determining a prognosis for many gastrointes-
tinal disorders. Two sites are recommended for abdomino-
centesis in cattle. The first evaluates the right cranial
abdomen and is most helpful in cases in which a localized
peritonitis is suspected secondary to perforation of an
abomasal ulcer. This area runs from the midline to the right
milk vein just caudal to the xiphoid. The second site is
located just above the udder on the right side under the fold
of the flank. Alternatively, a site can be selected with the use
of ultrasound to detect a fluid pocket. The planned site is
clipped and prepared for an aseptic procedure. A tail jack is
used for restraint and an 18-gauge, 14-inch needle is inserted
through the skin and slowly advanced into the peritoneal
cavity. Alternatively, the area can be infused with lidocaine,
a small stab incision made in the body wall with a #15 blade,
and a teat cannula used to obtain the abdominal fluid. Cattle
have very strong abdominal musculature that can move the
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needle or teat cannula; therefore they should be held care-
fully and kept at a 90-degree angle to the ground. Because
cows produce copious amounts of fibrinogen, the fluid may
be difficult to obtain, and preparation of more than one site
for abdominocentesis may be advisable. A normal abdominal
fluid analysis in one location and an inflammatory tap in the
other may indicate a localized problem. The fluid should be
clear and colorless to yellow. The total protein should be
<3.0 g/dL and the nucleated cell count <10,000/uL, consist-
ing of neutrophils and mononuclear cells.

Laboratory Work

Gastrointestinal disorders of cattle, whether they are fore-
stomach, abomasal, intestinal, or cecal in origin, most com-
monly show hypochloremic metabolic alkalosis accompanied
by hypokalemia caused by inappetence. This means that
while plasma electrolyte concentrations may help confirm
clinical suspicions and aid in the formulation of a therapeutic
plan, they are not all that helpful in localizing a specific
problem.

A paradoxic aciduria often develops in cows with hypo-
chloremic alkalosis. It is paradoxic because one would expect
that the alkalotic cow would retain hydrogen ions to coun-
teract the alkalosis. However, because of dehydration, the
kidney retains sodium. Chloride is not available; therefore
another positive ion needs to be excreted. Hypokalemia in
these patients makes the hydrogen ion the only positive ion
available, which is excreted in the urine in exchange for
sodium, resulting in a low urine pH. Hypocalcemia is also
commonly observed.

Strangulating lesions of the abomasum, cecum, or small
intestine can result in bowel necrosis and accumulation of
lactic acid. This can cause a high anion gap, with hypochlo-
remic acidosis indicating a poor prognosis. Infrequently, a
moderate to severe case of ketosis may result in a high—
anion-gap acidosis caused by ketoacidemia. On a practical
basis, easy-to-use cow-side tests such as the i-STAT' can
determine plasma-electrolyte levels, ionized calcium, and
creatinine in less than 2 minutes per test.

Complete blood cell counts can quantitate the degree
of inflammation and be run sequentially to monitor the
patient’s response to a disease entity. A persistent lympho-
cytosis and clinical signs of pyloric obstruction could make
the clinician suspicious that the cow is infected with bovine
leukosis virus (BLV) and may have abomasal lymphoma.
However, very few cattle infected with BLV (<4%) actually
develop tumors. Increased concentrations of fibrinogen, an
acute-phase protein along with globulins, contribute to an
overall increase in total plasma protein and are typical of
an inflammatory process such as an intraabdominal abscess
or peritonitis. An increased PCV and total protein supports
dehydration. Plasma-lactate measurement can be used as
an indicator of perfusion and oxygenation status. Lactate
will increase with either global (systemic hypotension) or
local (e.g., strangulated bowel) diseases, and the magnitude
of the increase can be used as a prognostic marker in some
diseases such as RVA. More important than the measure-
ment before surgery and/or resuscitation is the change that
occurs after appropriate treatments. Measurement of
L-lactate can be performed in the field with a handheld
point-of-care instrument.

Abdominal Ultrasonography
Use of ultrasound equipment on the farm is becoming more
commonplace. Clients are requesting pregnancy diagnosis

'WetScan i-STAT 1 Handheld Analyzer, Abaxis, Union City, CA
94587, USA.

with the aid of ultrasound. The same rectal 3.5-MHz ultra-
sound probe can be used to explore the abdomen either
transrectally or transabdominally. A 5-MHz probe gives
deeper penetration but may not be cost effective. The ultra-
sound has helped the author in the diagnosis of intraabdomi-
nal abscess associated with hardware disease, liver abscesses,
abomasal ulceration, and other causes of gastrointestinal dis-
turbances, including neoplasms, peritoneal effusion, omental
bursitis, and intestinal disorders such as intussusceptions and
strangulating obstructions of the small intestine. Ueli Braun
has published numerous papers on ultrasonography of the
bovine abdomen, which the reader should refer to for more
detailed information.

DISORDERS CAUSING ABDOMINAL
DISTENTION IN CATTLE

Vagus Indigestion

Vagus indigestion (V1) is rumen atony caused by damage or
inflammatory changes to the vagus nerve as it courses
through the pharynx, thoracic cavity, and perireticular and
pyloric regions. The vagus nerve provides both sensory and
motor innervation to the bovine forestomach compartments
and abomasum. Like other neurologic disorders, the cause
of VI is determined after localizing the lesion, and four types
of vagal indigestion have been defined: 1) failure of eructa-
tion; 2) omasal transport failure or anterior functional ste-
nosis; 3) pyloric outflow obstruction or posterior functional
stenosis; and 4) indigestion of late pregnancy based on the
site that the vagal nerve has been affected. The editors have
modified this classification (see Chapter 14.) In Types II and
111, the term stenosis is not entirely correct because there is
no true narrowing of the tract; however, there is a functional
blockage or paralysis and relaxation whereby ingesta is
unable to traverse the omasum to the abomasum or the
abomasum to the pylorus and duodenum, respectively.
Alternatively, one could approach a cow with VI by examin-
ing the pharynx, neck, thorax, and cranial abdomen for
lesions that may involve the nerve as it courses through those
respective locations. Cows with VI may have low heart rates
(40-60 beats per minute), and the rumen, on auscultation,
will have frequent, small, uncoordinated contractions. Feces
tend to be scant and pasty with larger particulate matter due
to inappropriate passage of feedstuffs. The most common
causes of VI include traumatic reticuloperitonitis or hard-
ware disease, reticular abscess (usually involving the medial
wall of the reticulum), liver abscesses, pneumonia, postab-
omasal volvulus, and abomasal ulcers.

A great deal of information can be gained from standing
behind a cow and observing the abdominal contour. Viewing
the cow from either side and evaluating the shape of the
paralumbar fossa and rib cage can also be helpful. The
“papple” shape is classic for a cow with rumen distention in
which the distended dorsal sac of the rumen occupies the
dorsal left flank and the ventral sac of the rumen distends
not only to fill the left ventral abdomen but also to distend
over into the right ventral abdomen, thus giving an apple
shape to the left side and a pear shape to the right side
(Figures 1-3 and 1-4). The challenge is to determine the type
and cause of the distention (Table 1-1). Auscultation of
rumen motility, palpation of the rumen in the paralumbar
fossa, accompanied by simultaneous auscultation and per-
cussion (pinging) and succussion, rectal examination, and
rumen-fluid analysis can be helpful in differentiating between
these disorders. Other less common rule-outs for distention
of the entire left abdomen and right ventral abdomen include
advanced pregnancy, hydrops, and abomasal impaction.
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Table o 1-1

General Considerations to All Species

Differential Diagnosis for Cows with a Papple-Shaped Abdomen

PAPPLE SHAPE

VAGAL INDIGESTION

OTHER

TYPE | TYPE I

TYPE 111

FAILURE OF ERUCTATION FAILURE OF OMASAL TRANSPORT

PYLORIC OUTFLOW OBSTRUCTION

Free-gas bloat Hardware disease

Esophageal obstruction Liver abscess

Obstruction at the cardia
Right-lateral recumbency (without foreign body)

Diffuse peritonitis

Neoplasia of rumenoreticular fold and

esophageal groove

Inflammatory disease of reticular and

rumen wall

Reticular abscess, adhesion, peritonitis

Volvulus of the abomasum Frothy bloat

Right or left displacement of the Lactic acidosis

abomasum

Inflammation or adhesions
involving the reticulum and/or
fundus of the abomasum

Advanced pregnancy with a large
fetus

Abomasal impaction

Diffuse peritonitis
Hydrops

Papilloma or mass at reticulomasal orifice
Herniation of reticulum through diaphragm

Figure 1-3 Classic papple-shaped abdomen in a cow with
rumen distention.

I—Failure of Eructation

With ruminal distention caused by free gas, a large ping can
be heard dorsally on the left side of the abdomen beginning
in the caudal left paralumbar fossa (as far back as the tuber
coxae) and extending cranially to the 8th to 10th intercostal
spaces (ICSs). The ping can also be heard dorsally over the
midline (above the transverse processes of thoracic and
lumbar vertebrae) with free-gas rumen bloat. The ventral
border of a rumen ping commonly has a very distinct hori-
zontal line that distinguishes it from the tympanic resonance
of an LDA (Figure 1-5). The rumen tends to be static in cows
with free-gas bloat, and the area of the ping corresponds to

o

Figure 1-4 View of ruminal distention looking caudally from
the withers region. Notice the marked distention of the left
paralumbar fossa.

a palpably taut elastic tension on the external abdomen. The
dorsal sac of the rumen on rectal examination will feel tight
and rebounds when indented. It can extend to the right past
the midline, and if one palpates the right side of the dis-
tended dorsal sac it can often be followed to the ventral sac,
distended with feed material and some gas. This is significant
because in the normal cow the ventral sac is not distinct on
rectal examination. An ororumen tube (if passed in a manner
that successfully reaches the trapped gas) can relieve the gas,
and the ping and rumen distention palpated on rectal exami-
nation will decrease, thus confirming suspicion of free-gas
bloat.

Il—Failure of Omasal Transport

Omasal-transport failure results from impairment of the
flow of ingesta from the reticulum through the omasal canal
into the abomasum and is considered true forestomach
disease. This is the most common form of VI; perireticular
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Figure 1-5 Rumen distention (left side). Area of tympanic reso-
nance (shaded) heard with ruminal tympany.

or liver abscesses and traumatic reticuloperitonitis are the
most likely causes. Toxic rumenitis, papilloma, and neo-
plasms of the rumenoreticular fold and esophageal groove
have also been reported. The abomasum and omasum are
relatively empty in cows with omasal-transport failure, and
the forestomach compartments become progressively dis-
tended, with the rumen taking on an L shape or, as defined
from external evaluation, a papple shape. A mild to moder-
ate amount of gas may accumulate dorsally in the rumen,
and multiple small (secondary) uncoordinated rumen con-
tractions can be heard. Traumatic reticuloperitonitis deserves
particular attention as a primary rule-out during examina-
tion of cows with V1. Cattle affected with hardware disease
may stand with the elbows abducted, the back arched, and
the abdominal wall tensed. Other signs include a dramatic
drop in milk production and complete anorexia. Improve-
ment in uncomplicated cases may be seen in 3 to 5 days and
manifests as less obvious pain and improvement in appetite
and milk production. Chronic cases may have prolonged
decreases in feed intake, fecal output, and milk production.
Rumen motility may be decreased to absent, and the rumen
can be somewhat small because of the cows’ inappetence or
enlarged and bloated in more chronic cases in which the
vagus nerve is involved.

Evaluating the cow for pain in the left cranial midabdo-
men should be performed by using the withers-pinch or
grunt test. Firm pressure is applied over the withers (withers
pinch) with both hands. A normal cow will flex her back
ventrally in response to this, whereas a cow with cranial
abdominal pain may wince, become somewhat agitated,
throw her head around, stand tall, and resist changing back
position. This is not a sensitive test, and further evidence
for hardware disease may be needed. The clinician can
perform the grunt test by kneeling beside the cow on the
left cranial aspect near the xiphoid and placing one knee
under the cow with the fist resting on the knee. The fist
and knee are lifted together and pressed into the cow’s
cranial and ventral abdominal wall. The cow’s head and neck
are observed for signs of discomfort, and any movement
away from the pressure should be noted. A stethoscope can
also be held under the cow’s trachea during the grunt test
to listen for a grunt. Alternatively, a pole about 1 to 1.5 m
long can be placed under the cow and held at each end by
two assistants. Beginning at the xiphoid and moving cau-
dally, the pole is pulled upward slowly and then allowed to

fall suddenly. An area of tenderness near the reticulum
would suggest traumatic reticuloperitonitis. To determine
whether a magnet is already in place, the operator, facing
caudally and holding a compass at the level of the elbow,
stands beside the cow’s left shoulder. The compass should
be observed for deflection while the operator walks caudally
beside the cow at the level of the elbow. If the compass
passes a magnet, it will deflect but will maintain its bearing
if no magnet is present. Ultrasonographic examination (3.5-
or 5-MHz linear probe) of the cranial left paramedian
abdomen and along the left thoracic wall to the point of the
elbow between the 6th and 7th ICSs can be done to evaluate
the perireticular region. The reticulum appears half-moon
shaped and has biphasic contractions that occur at a rate of
approximately 1 cycle per minute. The reticulum moves
about 8 cm (ventral to dorsal) for the first incomplete con-
traction and then greater than 17.5 cm (ventral to dorsal)
for the second contraction. The amplitude, speed, and fre-
quency of these contractions are diminished in cases of
traumatic reticuloperitonitis. Displacement of the reticu-
lum, accompanied by inflammatory changes and/or abscesses,
is visualized as echogenic structures with or without cap-
sules and echolucent fluid. Neither free foreign bodies nor
adhered foreign bodies are typically able to be imaged within
the reticulum because of the interference of air. Lateral
reticular radiographs can help locate a foreign body and
magnet, outline the contour of the reticulum, show the
presence of abscesses (gas accumulation or gas-fluid inter-
face), and demonstrate involvement of other abdominal or
thoracic structures. Repeat radiographs can be used if the
foreign body appears to rest in the lumen of the reticulum
to determine whether it is adhered in that position or the
positioning is the result of a reticular contraction. A serum
total protein >7.5 g/dL is suspicious for inflammatory condi-
tions, particularly internal abscesses. However, a normal
total protein does not rule out the possibility of an internal
abscess and hardware disease.

lll—Failure of Abomasal Outflow

Pyloric stenosis can result from damage to the vagus nerve
and affect passage of feed material from the abomasum into
the intestines. The abomasum and omasum fill initially, and
no forestomach distention is observed. Then, as a result of
overdistention of the abomasum, “internal vomiting” occurs,
in which abomasal contents back up into the rumen, disten-
tion of the rumen results, and a papple-shaped abdomen
may be observed. As a result, the rumen chloride concen-
trations may increase above 30 mEq/L. The lesions that
contribute to this syndrome include abomasal lymphoma,
inflammation, and adhesions of the reticulum and abomasal
fundus as well as compression of the pyloric region by a
large fetus and secondary to right-sided RVA. Pyloric lym-
phosarcoma can also cause a partial or complete obstruction
and similar signs of forestomach compartment and abomasal
distention.

OTHER CAUSES OF RUMINAL DISTENTION

Froth Accumulation in the Rumen

Cows with frothy bloat will have a papple shape but usually
will not have a significant dorsal gas cap, and, therefore, they
do not ping like the free-gas bloat. The rumen is usually
palpably enlarged and doughy both externally and internally
(per rectum), but when an ororumen tube is passed, the
distention remains and the ingesta retrieved during evacua-
tion of the tube will appear as its name suggests: “frothy”
with lots of small bubbles. A recent history of ingestion of a
ration high in legumes may suggest a true frothy bloat.
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However, cows with vagal syndrome and improper mixing
and fermentation of feedstuffs within the reticulorumen can
also develop frothy-type ingesta.

Rumen Acidosis

The cow with ruminal acidosis or grain overload has a
decreased to absent appetite, general malaise, and dehydra-
tion and may have a dorsal accumulation of gas that results
in variably sized rumen pings. The classic telltale sign is the
remarkable sloshing of fluid in the rumen heard when suc-
cussion of the left abdomen is performed. Collection of a
rumen fluid sample for pH is diagnostic. A metabolic acidosis
caused by the absorption of volatile fatty acids from the
rumen is observed along with evidence of dehydration with
an increased PCV and total protein and prerenal azotemia.
An abrupt change in ration or intake of high-carbohydrate
feedstuffs is often determined from a complete history.

Abomasal Ulcers

Abomasal ulcers most commonly occur in cows in the first
60 days after calving. They are associated with high-
carbohydrate or concentrated feeds, stress, nonsteroidal anti-
inflammatory drug use, and bovine leukosis virus and can be
secondary to abomasal displacement and prolonged accumu-
lation of acid in the abomasum. Abomasal ulcers can be
classified as nonperforating, nonperforating with severe
blood loss, and perforating ulcers that result in either diffuse
or localized peritonitis and sometimes omental bursitis.
Nonperforating abomasal ulcers involve the mucosa and
some of the submucosa. The cow may be asymptomatic or
have partial anorexia and decreased rumen motility. Involve-
ment of the submucosal blood vessels by the ulcer results in
hemorrhage into the abomasum, and melena may be
observed. Severe hemorrhage can result in signs of hemor-
rhagic shock with pale mucous membranes, tachycardia,
anemia, and cool extremities. A localized peritonitis can
occur secondary to an acute leakage of abomasal contents,
generally from an ulcer along the ventral body of the aboma-
sum. These ulcers usually become walled off by fibrinous
adhesions that adhere to the abomasum, the parietal perito-
neum, and/or the omasum. Acutely affected cows are
anorexic, with a fever and decreased rumen motility; some
may exhibit bruxism. The cow usually responds to deep
palpation of the ventral cranial right abdomen. Ultrasono-
graphic examination may show an area of variable echo-
genicity consistent with peritonitis. An abdominocentesis
with an increased white blood cell count and total protein
will confirm the diagnosis. Perforation of the abomasum
with leakage of abdominal contents into the omental bursa
results in a more chronic disease, in which a septic purulent
process accumulates within the omental bursa but does not
involve the intestines. The cow often will have a decreased
appetite, weight loss, progressive abdominal distention bilat-
erally from rumen stasis, and accumulation of fluid in the
omental bursa. The total serum protein may be low because
of loss of protein into the third space. Perforation of the
abomasum with massive leakage of abdominal contents will
result in diffuse peritonitis and a cow with peracute signs of
shock, such as tachycardia (100-120 beats per minute),
tachypnea, and cool extremities. Complete anorexia, fever,
rumen and intestinal atony, and scant manure will be noticed
initially. As the inflammatory response ensues within the
abdomen and the leakage of ingesta continues, the ventral
abdomen will become distended, and sometimes a fluid wave
can be balloted. The rumen may become distended second-
ary to atony. Rectal examination may reveal a pneumoperi-
toneum, and there may be crepitation on visceral surfaces.
Free fluid with a variable echogenicity and sometimes echo-
dense spots consistent with gas are seen on ultrasonographic

examination. An abdominocentesis with a foul odor that
contains visible as well as cytologic evidence of plant material
engulfed by macrophages and bacteria can confirm the
diagnosis.

DISORDERS THAT CAUSE TYMPANITIC
RESONANCE (PINGS) IN CATTLE

Areas of tympanitic resonance caused by a gas-fluid inter-
face, gaseous distention of abdominal viscera, and free air in
the abdomen can be detected by simultaneous auscultation
and percussion of the abdomen. This is done by placing the
stethoscope on the abdomen and snapping the index or
middle finger of the opposite hand to tap on the cow’s
abdominal wall around the stethoscope at variable distances.
The finger must be tapped aggressively to elicit a detectable
tympanic resonance. Alternatively, the whole hand can be
used to illicit a ping. The stethoscope is moved systemati-
cally around the abdomen while the finger is snapped against
the abdominal wall. Once an area of tympanic resonance is
heard, the area of the entire ping should be carefully deter-
mined to differentiate the viscera involved. Simultaneous
auscultation and succussion should be performed to elicit a
splashing or wave sound, which confirms the presence of a
distended viscus with a gas and fluid interface. Succussion
involves placing the bell of the stethoscope over an area of
tympanic resonance and simultaneously applying pressure
with the opposite arm in a repeated motion (somewhat of a
smooth punching motion) in the paralumbar fossa as close
as possible to the ping (Figure 1-6). The fluid wave can
sometimes be difficult to hear in less distended viscera, and
repeated attempts should be performed to confirm the pres-
ence of a fluid wave.

Left-Sided Pings
Causes of a left-sided tympanic resonance include rumen
tympany (discussed earlier), rumen collapse or void, left

displacement of the abomasum, and pneumoperitoneum
(Table 1-2).

Left Displacement of the Abomasum

The classic tympanic resonance consistent with an LDA is
from the 9th to 13th ICSs on a line from the tuber coxae to
the elbow. The abomasum can displace to the left and be
lower down in the abdomen as well. The ping of an LDA
commonly forms a somewhat circular pattern (Figure 1-7),
which helps differentiate it from a distended-rumen ping
(see Figure 1-5). Pressure applied to the flank with a fist

Figure 1-6 Succussion of the abdomen.
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Table e 1-2

Etiology of Right- and Left-Sided Tympanic
Resonances
LEFT-SIDED PING

RIGHT-SIDED PING

Rumen tympany Gas distention of the proximal

colon
Rumen collapse or void Cecal dilatation * volvulus

Left-displaced abomasum Right displacement * volvulus of

the abomasum
Pneumoperitoneum Small intestinal distension
Pneumoperitoneum
Pneumorectum
Ventral sac of rumen

Physometra

Figure 1-7 Left-displaced abomasum (LDA), high and low (left
side). Area of tympanic resonance (shaded) heard with a typical
LDA. Note that the pings can be heard at different levels on the
left side of the abdomen.

accompanied by auscultation (see Figure 1-6) will confirm
the presence of a large, fluid-filled viscus under the rib cage
because a fluid wave creates a splashing sound with this
technique. The location of the LDA often displaces the
rumen medially and the abomasum balloons under the rib
cage, giving the “sprung rib cage” appearance at the last two
ribs. One can sometimes visualize a half-moon shape extend-
ing beyond the last rib into the paralumbar fossa. The entire
left side of the cow should be evaluated for tympanic reso-
nances because the abomasum may displace in a variety of
places, including a much more caudoventral location along
the costochondral junction. If the cow does not ping during
the examination and no other illness is determined, the
examination should be repeated after providing the cow
with food and water. An LDA is not palpated per rectum
except in the smallest cow, although the astute observer may
feel the dorsal sac of the rumen somewhat displaced medially
and pushing the left kidney beyond midline farther to the
right of the abdomen.

Rumen-Void Ping

A rumen-void ping, or rumen collapse, is heard in the dorsal
half to third of the abdomen on the left from the cranial
paralumbar fossa extending forward to the 10th and 11th
ICSs. This ping is thought to be caused by the vacuum pro-
duced in the peritoneum by the collapse of the dorsal sac of
the rumen when the cow is anorexic and has poor rumen fill.
The affected cow tends to have a sunken paralumbar fossa,
and fluid cannot be detected when succussion is performed.
On rectal palpation, the left kidney is pulled ventrally and
to the left, and a collapsed dorsal sac of the rumen is felt.
The clinician should search for an underlying disease entity,
such as bronchopneumonia, metritis, or mastitis, to explain
the rumen collapse.

Pneumoperitoneum

Pneumoperitoneum is defined as free air or gas in the peri-
toneal cavity, most commonly found after exploratory lapa-
rotomy. Other causes of pneumoperitoneum include a
ruptured viscus, such as a perforating abomasal ulcer, rup-
tured uterus, or progression of pneumothorax and pneumo-
mediastinum. Mild to marked bilateral dorsal abdominal
distention is observed (apple shape), and an area of tympanic
resonance can be heard bilaterally in the top third of the
abdomen extending to the dorsal midline. Succussion does
not reveal a fluid wave. The rumen motility is difficult to
auscultate because free air lies between the parietal perito-
neum and the visceral peritoneum of the rumen. On rectal
examination, pneumoperitoneum can be very obvious in
some cases in which the air in the abdomen causes the
rectum to collapse around the clinician’s hand, making pal-
pation of abdominal structures frustrating and difficult.
Crepitus and/or feed material can also be palpated in some
instances in which the underlying disease is a ruptured or
leaking intestinal viscus.

Right-Sided Pings

The right side of the cow is very complex. Pings on the right
can be associated with an RDA, RVA, cecal dilation and/or
volvulus, distention of the proximal colon, pneumorectum,
pneumoperitoneum, distention of the small intestine, ventral
sac of rumen, and physometra (see Table 1-2). Careful ana-
tomic differentiation of these conditions must be made to
pursue appropriate treatment.

Right Displacement and/or Volvulus

of the Abomasum

An RDA is heard by simultaneous percussion and ausculta-
tion along a line from the tuber coxae to the right elbow
extending cranially to the 9th ICS. The ping of an RDA
extends cranially to the 9th rib (Figure 1-8). The caudal
border of the viscus may reach the 13th rib or may extend
slightly into the paralumbar fossa, creating a half-moon—
shaped distention and a sprung rib cage, which can be seen
when viewed from behind. A more caudal ping may be evi-
dent when the omentum has been torn and the abomasum
is located more caudally. Succussion will confirm a fluid
wave underneath the ribs. The right side of the abdomen will
appear distended, and sometimes ruminal tympany may re-
sult secondary to mechanical outflow obstruction created by
the abomasal displacement or volvulus and/or concurrent
hypocalcemia. The area of tympanic resonance tends to be
somewhat larger with greater fluid accumulation when the
cow has an RVA. An RVA is more likely to be palpated per
rectum at arm’s length near the cranial aspect of the para-
lumbar fossa. It feels like the outer surface of a partially
inflated inner tube that is covered by omentum. The dairy
cow today is large, and often the RDA is beyond reach.
The systemic condition of the cow can allow one to predict,
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Figure 1-8 Abomasal volvulus (RVA). Area of tympanic reso-
nance heard with right-displaced abomasum and RVA (shaded).

before surgery, whether the abomasum is displaced or twist-
ed. Signs of hypovolemic shock (increased heart rate and
dehydration) and endotoxemia, along with evidence of a shift
from hypokalemic hypochloremic metabolic alkalosis to a
high—anion-gap metabolic acidosis (lactic acidosis), are com-
mon indicators of RVA with a less favorable prognosis and a
need for prompt intervention.

Cecal Dilatation and/or Volvulus

A cow with cecal dilatation and volvulus will have a tym-
panic resonance heard on the right midabdomen that extends
cranially to the 10th or 11th ICSs and involves part or all of
the paralumbar fossa (Figure 1-9A and B). The ping may vary
considerably, depending on the amount of distention of the
incredibly elastic cecum. Succussion of the involved area
reveals a splashy washing-machine—type sound as a result of
the fluid accumulation in the cecum. The distention of the
right paralumbar fossa is noted from behind and from the
side of the cow. The outline of the distended cecum in cases
of dilatation and/or proximal colon with cecal volvulus can
sometimes be visualized in the paralumbar fossa (Figure
1-10). On rectal examination, determining whether the
cecum is dilated or progressed to a volvulus can be difficult.
The distended cecum is easily palpable in the middle right
and caudal abdomen lying horizontally in front of the pelvis
in either instance, as a viscus that is about 6 to 9 inches in
diameter and somewhat watermelon in shape and size
(cylindrical/tubular). Sometimes the apex of the cecum is
directed into the pelvic inlet so that it is obvious at the start
of a rectal examination. A cecal volvulus is suspected if more
than one loop of the cecum/proximal colon (folded tube) is
palpable per rectum in the right central and caudal abdomen
in the region of the paralumbar fossa because the apex has
rotated cranially and because the body is palpable. Small
intestinal distention may accompany cecal disorders and may
be palpable as small bicycle-tire tubes on rectal examination
in the right cranial and midabdomen. The differentiation
between cecal distention and volvulus is important because
cecal distention does not necessarily require surgery. Cattle
with a normal heart rate, some manure production, mild
dehydration, and mild to moderate distention of the cecum
on rectal examination may be considered to have cecal dila-
tation and treated, at least initially, conservatively with fluids
and cathartics. Cecal volvulus typically causes more severe
systemic signs including colic, hypotension, tachycardia,

Figure 1-9 A, Cecal volvulus (right side). Area of tympanic
resonance (shaded) heard in cows with a cecal volvulus. B, Cecal
dilatation (right side). Area of tympanic resonance (shaded)
heard in cows with cecal dilatation.

Figure 1-10 Right side of a Holstein cow with cecal volvulus
displaying distended cecum and proximal colon.
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little or no manure production, dehydration, and palpation
per rectum of the apex of cecum rotated cranially. These
findings are indications for surgical intervention. Findings
often are not straightforward, and the decision whether to
operate is not easy. In most instances, a right-sided standing
exploratory laparotomy should be performed because the
risk of further compromise of a volvulus of the cecum out-
weighs the benefits of medical management of a moderate to
severe cecal distention.

Distention of the Proximal Colon

An area of tympanitic resonance on the right side of the cow,
in the dorsal paralumbar fossa, the width of a hand extending
cranially for two to three rib spaces is caused by moderate
distention of the proximal colon and is clinically insignifi-
cant. Neither abdominal distention nor succussible fluid is
present.

Pneumorectum

Distention of the rectum and distal colon with air can cause
a variably sized linear tympanic resonance in the right dorsal
third of the caudal abdomen of the cow from the tuber coxae
along the dorsal paralumbar fossa and, infrequently, cranial
to the paralumbar fossa. Abdominal distention is not present
and fluid cannot be heard on succussion. Rectal examination
will reveal an air-filled rectum, making palpation of abdomi-
nal viscera difficult until the air is evacuated.

Distention of the Small Intestine

Distention of the small intestine with fluid and gas occurs
in cattle affected with simple indigestion or obstruction of
the small intestine and is secondary to cecal disorders. The
most common obstructive disorders of the small intestine
show acute onset of anorexia, decrease in milk production,
abdominal pain, and gastrointestinal stasis. Differential
diagnosis includes indigestion, volvulus of the small intes-
tine, intussusception, and the more recently reported jejunal
hemorrhage syndrome. Clostridium perfringens Type A has
been isolated from cows with jejunal hemorrhage syndrome,
although the etiology is debatable. Cows with obstructive
lesions of the small intestine often display signs of colic, such
as kicking at their abdomens and preferring recumbency.
The cow will have progressive abdominal distention as the
small intestines proximal to the obstruction become enlarged
in the right middle and ventral abdomen, followed by
decreased pyloric outflow with subsequent abomasal and
forestomach enlargement and left-sided distention. Variable
tympanic resonances may be heard on the right side of the
abdomen. Succussion of the right lower abdomen will reveal
tinkling and splashing sounds associated with fluid pooling
in the small intestines. Feces are scant to absent. It is difficult
to impossible to distinguish between intestinal volvulus and
jejunal hemorrhage syndrome before exploratory laparot-
omy. A history of jejunal hemorrhage syndrome on the farm
can be helpful. Frequently affected cows are profoundly
dehydrated with blood in the manure. Cows with intussus-
ception also pass small amounts of sticky, dark-red material
that consists of blood from the sloughed mucosal surface of
the intussusceptum (“raspberry jam”), mixed with mucus
from the distal part of the gastrointestinal tract. Rectal
examination in cows with intestinal disorders reveals mul-
tiple loops of small intestine that feel like bicycle inner tubes
and range from 4 to 8 cm in diameter without any distention
of the cecum. It has been reported that only 50% of cows
with intussusception had distended loops of small intestine
palpable per rectum and in only half of those could a firm
mass, presumed to be the intussusception, be palpated.
Ultrasonographic examination in some cases can reveal a
bull’s-eye sign (loop within a loop) consistent with an

intussusception and distention of the small intestine with
poor motility. Thick intestinal walls can be seen in cows with
primary surgical lesions of the small intestine. The author
has seen variable echogenicity structures, like thrombi,
within the intestinal lumen of cows with jejunal hemorrhage
syndrome.

Physometra

Endometritis that results in fluid and gas accumulation in
the uterus (physometra), in particular the right horn, can
cause a small tympanic resonance in the lower right para-
lumbar fossa. This is a very uncommon cause of right-sided
ping in a cow. Abdominal distention is not present, and a
fluid wave is difficult to elicit with succussion. Rectal and
vaginal examinations will confirm the diagnosis.

Ventral Sac of Rumen

Gas in the distended ventral sac of the rumen to the point
at which it causes a right-sided ping occurs infrequently. It
can be confusing when present and can cause a clinician to
do a right-sided exploratory laparotomy when it is not indi-
cated. The general appearance of the cow should be that of
a distended rumen—papple shaped. The ping may be fairly
consistent to indiscrete and rests in the midabdomen in the
right paralumbar fossa. A rectal examination will reveal a
markedly enlarged ventral sac of the rumen, which is taut
and gas distended.

EXAMINATION OF THE CALF

Thomas J. Divers

A complete clinical examination of the calf before surgery is
important for several reasons. Foremost is to establish a
correct diagnosis of the primary disorder and then that
surgery is the best option for treatment. The clinical exami-
nation is also important to determine whether there are
additional problems that would negate surgery, delay the
procedure, or complicate the prognosis with surgery.

In most cases, a concise signalment and complaint should
be obtained before or simultaneous with the clinical exami-
nation. Although the organ system involved in the disease
may be obvious from the signalment, complaint, or clinical
signs, a complete examination should be performed before
surgery in virtually all cases.

In the initial stages of the examination, while signalment
and history are being obtained, the calf should be observed
from a distance to detect any obvious abnormalities in
behavior, locomotion, breathing pattern, or noise (Figure
1-11). In addition, signs of colic, the presence or absence of
manure in the stall and its appearance, appetite, cud chewing,
and eructation can be noticed. As the rectal temperature is
taken the perineal area should be observed for evidence of
diarrhea. The mucous membranes of the mouth and eyes
should be examined for color, vascular injection, ulcerations,
or hemorrhage (large areas of scleral ecchymotic hemor-
rhages are not uncommon in healthy newborn calves). If the
hemorrhages in the mouth and sclera are petechial, this is
abnormal and suggests sepsis or thrombocytopenia (Figure
1-12). Vessels easily seen in the sclera bilaterally with no
obvious evidence of ocular pain can suggest a septic condi-
tion with increased inflammatory cytokines and resulting
vasodilatation. The membranes of the mouth should be
blanched by finger pressure and then the speed of return to
original color determined (capillary refill time) as an esti-
mate of perfusion pressure (dehydration, vasomotor dilata-
tion or cardiac output abnormalities may alter the capillary
refill time). Palpation of the skin temperature of the
distal limbs and ears may also provide some assessment of
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Figure 1-11 One-month-old calf with papular stomatitis lesions
on the nose.

Figure 1-12 Two-month-old calf with petechial hemorrhages
on the sclera.

peripheral perfusion, with cool or cold limbs and ears sug-
gesting poor perfusion. Dehydration, which may differ from
perfusion pressure, can be estimated by pinching the skin of
the neck or eyelids, occluding the jugular vein near the tho-
racic inlet and looking for speed of jugular distention, and
examining the mucus of the mouth for viscosity, the nose
for wetness, and the position of the eyes in the orbit. All of
these should be quickly performed because none of them has
a high sensitivity and specificity for dehydration (sunken eyes
may occur from severe weight loss alone, and skin turgor is
an inconsistent indicator of dehydration in calves). Next, the
heart should be auscultated to determine heart rate, rhythm,
and presence or absence of murmurs. A general examination
of the skin and hair may detect a variety of primary skin
disorders, such as ringworm, frostbite, photosensitization,
and others. The clinical examination of organ systems may
then proceed directly to the body system believed to be
causing the clinical signs, e.g., the intestinal tract, musculo-
skeletal system, and so on, to start the process of planning
for surgery or determining whether surgery is the best
option. After examining the organ system believed to be
causing the most obvious clinical signs, all other body
systems should be examined whenever possible.
Examination of the intestinal tract of calves is somewhat
age dependent, according to whether the calf is already a

ruminant. For young calves that have not developed a func-
tional rumen, acute severe abdominal distention is generally
a result of abomasal distention, e.g., abomasitis or peritonitis
with or without pneumoperitoneum (e.g., perforated aboma-
sal ulcers). With both increasing age and a functional rumen,
severe abdominal distention is more likely to be due to
ruminal distention. The abdomen of all calves, regardless of
age, should be auscultated for pings via simultaneous auscul-
tation and percussion techniques and for a sloshing sound
upon simultaneous ballottement and auscultation. Pings in
preruminant calves are most commonly caused by abomasi-
tis, whereas in ruminant calves the ping may occur from
rumenitis, peritonitis, abomasitis, cecal distention, or dis-
placement of the abomasum. The ping in ruminant calves
with LDA is often heard in a more caudal location on the
abdominal wall than in adult cows. Upon simultaneous aus-
cultation and ballottement, fluid distention of a viscus gener-
ally causes a different sound than the sloshing heard with
acute peritonitis or ascites. The abomasum distended with
both fluid and gas, such as occurs with abomasitis, results in
both a ping and a slosh similar to the sound of fluid in an
inner tube. If the abdominal distention is due to fluid accu-
mulation in the small intestine from an extraluminal or
intraluminal obstruction, colic is often present, a ping would
likely be absent, and the slosh on abdominal ballottement
would be more like that heard with movement of a group of
water balloons. If obstruction of the small intestine is
believed to be the cause of the abdominal distention, a digital
rectal examination should be performed to check for patency
of the anus and distal rectum and to determine if any manure
is present. These examination procedures, along with signal-
ment, are important in diagnosing atresia coli and other
intestinal obstructive disorders. In older calves, intraluminal
obstructions may occur from a number of extraluminal or
intraluminal causes. Trichobezoars may be one cause of
intraluminal obstruction and examination of the skin and
hair of the calf for lice and evidence of excessive licking,
which often predisposes to trichobezoars, should be per-
formed. Another example of history and clinical examina-
tion used simultaneously to make a diagnosis occurs when a
calf with diarrhea suddenly stops passing manure and has
clinical and examination findings compatible with distal
bowel obstruction of the small intestine; in these cases an
intussusception of the spiral colon or small intestine should
be considered. When an abdominal surgical disorder is being
considered, the examination should ideally be complimented
with an ultrasound examination plus electrolyte and lactate
(serum and peritoneal fluid) measurements if possible. In
calves with a functional rumen, the rumen area of the left
abdomen should be examined for distention, ping, slosh, and
rumen contractions. Predominantly left-side abdominal dis-
tention in calves is most commonly due to ruminal disten-
tion. In many cases of rumen distention, there may be an
absence of a high-pitched ping or sloshing sound when the
abdomen is balloted and the rumen will either be amotile or
have weak movements based on palpation and auscultation.
If the rumen is believed to be the cause of the abdominal
distention, an ororuminal tube should be passed to help
determine whether the distention is due to gas (gas bloat) or
fluid (most commonly a result of ruminal drinkers, rumen-
itis, or secondary to peritonitis). Recurrent free-gas bloat
that is easily and almost completely removed via the tube is
generally best treated by surgically creating a temporary
rumen fistula. Before this procedure is performed, examina-
tion (auscultation/percussion and ultrasound examination if
possible) of the chest cavity for evidence of pneumonia or
pleuritis and of the abdomen for peritonitis (absent intestinal
sounds, pain on palpation) should be performed; if either is
present then performing the rumen fistula may not resolve



CHAPTER 1 e Examination of the Surgical Patient 11

the bloat. Likewise, injury to the pharynx and esophagus
should be ruled out as a cause of the free-gas bloat. Calves
that are ruminal drinkers and that develop ruminal bloat
very soon after drinking milk often have a fluid reflux when
the ororuminal tube is passed. The fluid may be gray in color
and is sometimes fetid. When ruminal drinking calves are
fed milk, the milk can be heard going into the rumen upon
auscultation. Ruminal drinking and bloat is not a surgical
disease unless there is concurrent abomasitis. Whenever an
ororuminal tube is passed in calves it is very important to
use a correctly sized speculum so that pharyngeal trauma,
including laceration of the soft palate (often fatal), does not
occur!

The umbilicus should be palpated to determine whether
there is an abdominal hernia and if the umbilical remnants
seem normal; in growing calves, abnormal umbilical rem-
nants can be a cause for extraluminal intestinal obstruction
resulting from adhesions or entrapment of the bowel by the
remnants. Umbilical structures are best palpated in the
standing calf to determine whether a hernia is present and
if intestinal loops are in the hernia and then by placing the
calf in lateral recumbency to perform deep palpation of
the abdomen and the umbilical vein coursing rostral toward
the liver. In the normal calf the umbilical arteries and
urachus cannot be manually palpated or identified on ultra-
sound examination of the umbilical stump. If they can be
palpated or observed on ultrasound examination at the
stump or before the bladder, then they are likely abnormal.
Examination of the urinary tract is best performed by observ-
ing the calf urinate while observing for signs of dysuria,
patent urachus, or discolored urine and by collecting a urine
sample for a urine dipstick examination. Calves can be stimu-
lated to urinate simply by gently massaging the perineal area,
just as one would do in adult cattle for urine collection. The
kidneys, umbilical stump, and sometimes the urinary bladder
can be felt by deep abdominal palpation in young calves.

Examination of the chest cavity is important before any
surgical procedure. Heart rate and presence or absence of a
murmur should be determined. Findings that may preclude
continuing to surgery include heart rates of >140 beats per
minute with a systolic murmur on both sides of the chest
(often loudest on the right), which would suggest a ventricu-
lar septal defect (VSD). If the calf is a very young calf with
a VSD, respiratory distress may also be noted. The defect
can be confirmed in many cases by performing cardiac ultra-
sound while simultaneously injecting 10 mL of saline quickly
into the jugular vein (a “bubble gram”), and looking for air
bubbles traveling from the right to the left ventricle). Heart
rate may also be abnormally increased with hypovolemia/
hypotension, anemia, or pain. If hypovolemia or anemia is
the cause of the elevated heart rate, these problems may need
to be corrected before surgery. The lungs should be carefully
auscultated to determine whether there might be significant
pulmonary disease that could necessitate postponement of
an elective surgery or lower the prognosis for an emergency
surgery. The accuracy of auscultation to diagnose pneumonia
has recently been shown to be poor, and ultrasound examina-
tion (linear probes can be used) is recommended whenever
possible. I believe that if the pneumonia is severe, especially
anterioventral consolidating pneumonia, most cases can be
detected on auscultation. The characteristic “sucking soup
through a straw” sound, which likely occurs from the sound
of air moving elsewhere in the respiratory tract, and the
referred sound into the open airways of the consolidated
lung, can be heard in most calves with consolidating pneu-
monia. Crackles and wheezes are not particularly common
in calves with consolidating pneumonia. For older calves,
the diagnosis of pneumonia is best made by historical
information (coughing after rising or, if not weaned, slow

Figure 1-13 Holding off the air of a calf for a short time to elicit
deep breaths.

consumption of milk with some coughing), presence of nasal
or ocular discharge and by backing the calf in a corner,
holding the nostrils and mouth closed until the calf struggles,
and then auscultating the lungs while the calf takes a deep
breath (Figure 1-13). If a calf is in respiratory distress and
there is no evidence of consolidating pneumonia, a cardiac
defect, upper-airway obstruction, or diffuse interstitial lung
disease (prematurity, meconium aspiration in young calves,
or bovine respiratory syncytial virus [BRSV]) should be
considered. Upper-airway obstructions should be ruled out
by the absence of loud noise on breathing and normal airflow
from both nostrils regardless of head or neck position. BRSV
may cause a pneumomediastinum with air then moving sub-
cutaneously (crepitus feel to the skin) or may rupture into
the thorax, causing pneumothorax and absent or diminished
lung sounds.

An examination of the nervous system and eyes should
always be part of the complete examination. Common prob-
lems of the nervous system that should be ruled out before
recommending or performing surgery include otitis media-
interna (Figure 1-14) (most common in calves 1-3 months of
age), peripheral nerve injury (femoral paresis from calving or
sciatic nerve injury from previous injections) (Figure 1-15),
spinal cord ataxia (e.g., vertebral body abscess), or any cause
of encephalitis/encephalopathy. The latter should be consid-
ered if the calf has seizure-like behavior, cortical blindness
(no menace reflex but normal pupil response to light), or
pronounced dullness and depression. Metabolic abnormali-
ties such as severe acidosis may also cause marked dullness.
It should be noted that the menace response in normal young
calves may be slow or absent but gently smacking the eyelids
with your hand often stimulates a quick development of this
reflex. The eyes should be examined for the presence of
corneal edema, corneal ulceration, abnormal pupil size, and
opacity or discoloration within the globe; if abnormalities are
found they would likely need treatment and in rare cases may
affect prognosis of the surgical patient.

Examination of the musculoskeletal system is performed
by observing the gait of the calf and by palpation of all four
limbs, the back, and the neck. Calves with septic joints are
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many times not as obviously lame as one might expect and
this is especially true if multiple limbs are involved (e.g.,
both carpi). Calves with septic joints often have difficulty
in rising, which can be more dramatic than the gait abnor-
mality. Palpation of each joint is important if septic arthri-
tis is suspected and young calves may have severely septic
joints with minimal effusion. Many times there is a “fibrin-
like feel” to palpation of the infected joint. In older calves
(usually older than 1 month), Mycoplasma bovis arthritis
may cause a dramatic effusion and lameness that is some-
times accompanied by severe pneumonia and pleuritis. Pal-
pation of the limbs, spine, and ribs for fractures should
be performed. Likewise, palpation of the muscles (most
often semimembranosus/tendinosis and cervical muscles)

Figure 1-14 Young calf suffering from otitis media-interna.

Figure 1-15 Young calf with bilateral femoral paralysis follow-
ing calving.

for evidence of injection-related abnormalities should be
routine; the same should be performed on the jugular veins
when intravenous (IV) injections have been previously
administered. Congenital defects should be ruled out in all
young calves by examining the spine, tail, head, mouth,
heart, and eyes.

EXAMINATION OF THE SMALL RUMINANT

Mary C. Smith
The examination of the bovine surgical patient is described
elsewhere in this text, but sheep and goats are not small
cows. They are prone to different diseases and often show
few signs of illness to strangers, including the examining
veterinarian, until critically affected. Except for dairy
animals and pets, few small ruminants are closely examined
by their caretakers on a daily basis. The history supplied
regarding duration of illness and diminished appetite may be
incomplete or inaccurate. Also, the perceived monetary
value of the sheep or goat is often less than that of a cow,
and potential surgical patients need to be carefully screened
for problems that would indicate a poor prognosis or warrant
removal from the breeding population.

Because soremouth (contagious ecthyma, orf), caused by
a parapox virus, is both common on the lips and skin and
zoonotic, disposable gloves are recommended when handling
sheep and goats. The initial examination should concentrate
on detection of conditions that require medical rather than
or in addition to surgical treatment. Some of the most impor-
tant will be outlined here.

Color of the Conjunctiva and Sclera

The very first part of the examination is usually the observa-
tion of the conjunctiva of the ventral eyelid for paleness,
quantified as a FAMACHA score. The color of the conjunc-
tiva is a more accurate indication of the PCV than that of
the oral mucous membranes. Light pressure through the
upper lid encourages the animal to retract the globe while
the lower lid is everted and compared with color blocks on
a small card (Figure 1-16). This card is available through the
University of Georgia using the following email address:
famacha@uga.edu. The redness intensifies with exposure to
air, so if a score cannot be assigned quickly or if ocular
disease is present, the other eye should also be examined.
The scale is 1 to 5, where 5 is fatal and very white. Small
ruminants in many management systems that involve grazing
are subject to severe hemonchosis from the presence of

Figure 1-16 Determining the FAMACHA score to evaluate a
small ruminant patient for anemia.
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bloodsucking worms in the abomasum. A PCV of 5% to 10%
is not uncommon in an animal that is walking and outwardly
fairly normal, including being in good body condition.
Because red cells of goats and sheep are small, the blood
(obtained from the jugular vein) should be spun for 10
minutes to determine an accurate PCV. Any rough handling
of the severely anemic animal could result in almost instan-
taneous death. Deworming, usually with drugs of two dif-
ferent classes, and a blood transfusion from a donor of the
same species that is not anemic should be performed before
surgery is contemplated on the animal with a PCV less
than 12.

The color of the sclera should be noted, as icterus is
usually prominent in copper toxicity, and the hemoglobin-
uric nephrosis that occurs with this condition can cause
signs of colic. Some animals with copper poisoning will have
methemoglobinemia, which imparts a muddy brown color
to the conjunctiva and sclera. Dark urine with hemoglobin-
uria will support this diagnosis, more common in sheep than
in goats.

Body-Condition Scoring

The next aspect of the physical examination is evaluation of
body condition. Again the scale is 1 to 5, but for this scale
5 is fat. Sheep and goats are examined by palpating the loin
area, behind the ribs, to determine how much muscle and
fat covers the vertebrae. In addition to palpation of the loin,
goats are also palpated between the front legs to evaluate fat
deposits there. Dairy and fiber breeds of goats store less fat
subcutaneously than do sheep. Animals with a score of 3
have tissue filling in the angle between the dorsal spinous
processes and the transfer processes of the lumbar vertebrae,
to create a straight line. A concavity is palpated in an animal
with a score of 2, whereas a 1 is assigned if almost nothing
except bone can be felt under the skin. Experienced examin-
ers will quibble over quarter points, but an animal with a
score of 2 or less has a chronic problem that needs to be
addressed (parasites, malnutrition, bad teeth) or an underly-
ing disease with a poor prognosis, such as a retroviral infec-
tion (ovine progressive pneumonia [OPP] or caprine arthritis
encephalitis [CAE]), internal caseous lymphadenitis (CLA),
paratuberculosis (Johne’s disease; these animals usually do
not show diarrhea), other chronic bacterial infection, or
cancer. Ideally the animal should be compared with herd-
mates, and if the potential surgical patient is much thinner
than the norm (Figure 1-17), an effort should be made to
determine why. Note that if an exploratory laparotomy is

Figure 1-17 An animal with much poorer body condition than
the rest of the herd has a chronic problem that needs to be
addressed; culling may be indicated.

performed, the presence of much omental fat does not
equate with good body condition, as the animal that still has
fat may be externally emaciated after using up all its muscle
mass.

Further Examination of the Eyes
Vision should be evaluated because amaurosis (blindness
with no lesion evident in the eye) is commonly present with
polioencephalomalacia (cerebrocortical necrosis), a condition
that can be contributing to clinical illness in a late pregnant
animal or one that has experienced a grain overload. If the
animal does not blink when menaced, it should be checked
to be sure it can close the lids; a facial nerve deficit from
listeriosis, otitis media, or trauma might be present instead.
Normal lambs and kids under 3 weeks of age usually lack
a menace response. Sheep and goats with decreased or absent
vision or with a history of indigestion or grain overload or
that “just don’t seem right” should receive thiamin (vitamin
B;) at 10 mg/kg three times a day for several days.
Keratoconjunctivitis is common in small ruminants, with
mycoplasma and chlamydia both incriminated as primary
etiologic agents. Affected animals will show lachrymation
and inflamed conjunctiva. Many will progress to a keratitis
with neovascularization and ulcer or even descemetocele
formation. Response to antibiotics such as oxytetracycline is
usually good, but relapse is common after the antibiotics are
stopped, and treatment of mild cases may actually delay the
acquisition of immunity. Severe keratitis and even melting
ulcers will often respond dramatically to topical 5% silver
nitrate, such that surgery to preserve the cornea is rarely
needed. If a young lamb or kid shows keratitis or blepharo-
spasm it is very important to check the lid margins and
correct an entropion if present.

Teeth

The incisor teeth, four pairs present on the lower jaw only,
can be examined by simply opening the lips to estimate the
age of the animal. The permanent incisors erupt at (very)
approximately 1, 2, 3, and 4 years of age, beginning with the
central pair. They may be absent in older animals, referred
to as gummers, which will consequently have difficulty
grazing enough, though hay and grain are consumed nor-
mally. The molar teeth are almost impossible to visualize in
the unsedated animal. The rami of the mandibles should be
palpated for any boney thickening or discharging tract that
indicates a tooth root abscess. Also, feeling through the thin
cheek muscle will give access to the upper arcade of molars.
If these teeth are all present and level, the lower arcade will
probably also be normal. If the upper arcade is markedly
convex, it is likely that the middle premolars and molars on
the lower jaw will be near the gum line or missing. If an
upper molar is missing, the opposing lower tooth may be
overgrown, interfering with mastication. Small ruminant
molars should be sharp, with points, so avoid fingers in the
mouth.

If a tooth problem is suggested by the physical examina-
tion or by difficulty chewing or cuds collecting in the cheeks,
the animal can be sedated with 2 to 3 mg of xylazine (total
dose) per 50 kg IV to allow approximately 10 minutes of
unhindered examination and even floating with a flat file if
indicated. Molar teeth are normally sharp and rarely require
floating. The animal with difficulties chewing because of
molar-tooth problems can be maintained on a diet of pel-
leted hay. Goats but not sheep (because of their susceptibil-
ity to copper poisoning) can be fed senior horse pellets.

Lymph Node Examination
External lymph nodes should be palpated systematically to
detect enlargement or abscessation. The cause is frequently
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Corynebacterium pseudotuberculosis, and the disease is known
as caseous lymphadenitis. Owners refer to this condition as
CL or CLA. Goats most frequently have involvement of the
parotid, mandibular, or superficial cervical nodes because of
their propensity for skin abrasions from fighting, whereas
abscessed lymph nodes in sheep are more commonly those
that drain shearing wounds, such as superficial cervical,
subiliac, and popliteal nodes. Either species may have
enlargement of the retropharyngeal node, which can inter-
fere with breathing and require marsupialization if removal
of the entire node is impossible because of proximity to
vital structures. If an abscess is lanced or ruptures on its
own, the animal should be isolated until the skin has com-
pletely healed, to avoid transmission to others in the herd.
Surgical removal of the infected node, when practical, avoids
the need for quarantine. Systemic antibiotics will not resolve
these abscesses but are often used after lancing to reduce the
risk of spread via the lymphatics to another node. Tulathro-
mycin at the cattle dosage is currently popular for this
purpose but its use is off label and efficacy has not been
documented.

Animals with only external abscesses are typically in
good body condition and producing well, but involvement of
internal organs such as lung, liver, or kidney is associated
with a poor prognosis. Abdominal and thoracic ultrasound
examination will aid in diagnosing these animals. Most
animals with internal CLA will have positive serology using
the synergistic hemolysis inhibition test, but a positive test
can also occur with current or previous external abscesses
or vaccination. Lymphosarcoma is not rare in small rumi-
nants and must be considered as a differential for lymph
node enlargement.

Lameness

The lame small ruminant warrants a careful orthopedic
examination, but special attention should be paid to the
interdigital space for a moist dermatitis (foot scald or early
foot rot) and to the heels for evidence of underrunning of
the sole caused by a synergistic infection with Dichelobacter
nodosus and Fusobacterium necrophorum. Foot rot is a mal-
odorous infectious condition that tends to be restricted to
the interdigital space of goats but to progress to underrun-
ning in sheep. Either animal is apt to graze on its carpi
(Figure 1-18). Also common but not contagious is an abscess
that will cause swelling and pain at the coronary band of one
toe. Laminitis commonly occurs after abrupt dietary changes
involving increased consumption of concentrate or lush
forage and may lead to wall separation on all eight toes.
Chronically laminitic feet are often misshapen, with long
curved toes or very thick soles with poor delineation from
the wall. Sheep, but not goats, have interdigital glands that
normally appear as porelike openings between the toes but
can become distended with secretion.

Goats with caprine arthritis-encephalitis CAE virus
infection and occasionally sheep with OPP may present with
swelling, pain, and eventually mineralization in one or more
joints, especially carpi, and these animals may graze on their
knees or be reluctant to rise. Tendon contracture occurs
rapidly in small ruminants that do not get up every day and
will contribute to the lameness. Some goats with advanced
stages of the arthritic form of CAE will have enlargement of
the atlanto-occipital bursa or abscesses over the sternum that
may involve underlying bones. Because of the viral etiology,
the prognosis for resolving these problems with surgery is
poor.

Three other causes of lameness in small ruminants deserve
specific mention. One is the apparent lameness in a hind
limb of a ewe or doe with a painful mastitis on that side. In

Figure 1-18 An animal resting or grazing on its carpi should be
examined carefully for foot rot, foot abscess, laminitis, or
retrovirus-induced arthritis.

some parts of the United States, infection of small ruminants
with migrating larvae of the meningeal worm of the whitetail
deer, Parelaphostrongylus tenuis, may initially present as
lameness before other neurologic signs resulting from damage
to the spinal cord are noted. And finally, severe degenerative
arthritis of one or both elbows can occur in the absence of
fluid distention of the joint and often with no signs of pain
on manipulation. Decreased flexion of the elbow joint can
be ascertained and the presence of enthesophytes confirmed
by radiography. As an aside, sheep are notorious for not
demonstrating pain when in the presence of a predator/
veterinarian, whereas goats may scream before anything is
done to hurt them.

Respiratory Examination
Dyspnea in small ruminants may have many causes, but few
of these are considered to be surgical. Stertorous breathing
can result from nasal bots, nasal adenocarcinoma (often
caused by a retrovirus and not amenable to surgery), or
enlargement of the retropharyngeal lymph node in the
animal with CLA. This node often cannot be surgically
removed safely but can be marsupialized to the skin to
provide drainage. Labored breathing is a frequent sign of
pneumonia and must be distinguished from the rapid but
even respiration of a panting animal in a warm environment.
Radiographs or ultrasound may help to determine the loca-
tion and extent of pneumonia. Cranioventral pneumonia is
usually most severe on the right side because of the presence
of a separate bronchus to the right apical lung lobe. It may
result from a bacterial infection such as Mannheimia haemo-
lytica, sometimes complicated with Mycoplasma ovipneu-
moniae, but also commonly follows inhalation of dewormers
or other oral medications or of rumen fluid regurgitated
under anesthesia or after toxicity from grayanotoxins found
in plants of the rhododendron and mountain laurel family.
In the young lamb or kid with cranioventral pneumonia,
white muscle disease that might hinder proper swallowing
or the presence of a cleft palate should be considered.

If pneumonic lesions are concentrated in the diaphrag-
matic lobes or spread throughout the lungs in an inter-
stitial pattern, lungworms, caseous lymphadenitis, retroviral
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pneumonias, and cancer should all be on the list of differen-
tial diagnoses. Rupture of a lung abscess into the pleural
space may lead to unilateral pyothorax. Other than the lung-
worms, these conditions are not considered to be treatable
and thus would usually disqualify an animal from surgery
for another problem. One condition identifiable on examina-
tion of the thorax that might be addressed by surgery would
be a space-occupying thymoma, a relatively common tumor
located in front of the heart of older small ruminants.

Examination of the Abdomen

The animal’s abdomen should be evaluated for shape and the
presence of distention. Obese animals will have much fat in
their omentum and may appear late pregnant to the owner.
Pregnancy is best determined by ultrasonography, although
radiographs can be helpful after 90 days. The ultrasound
probe is placed in the right inguinal area. This area is fiberless
in sheep, but examination may be easier in the goat if the
hair is removed from just above the udder. Placentomes, a
definitive sign of pregnancy, appear as cups or donuts,
depending on their orientation relative to the ultrasound
beam. Because pregnancy toxemia is common in small rumi-
nants, testing the blood for beta-hydroxybutyrate or the
urine for ketone bodies (less precise) should be a routine part
of the physical examination of a depressed or anorectic
animal late pregnant with multiple fetuses.

In goats, hydrometra is relatively common, even if the
animal has never been bred. The uterus may be distended
with clear or flocculent fluid, often appearing to be in mul-
tiple compartments, but fetus and placentomes are absent.
This is not a surgical condition, as the uterus will empty
within 48 hours after administration of prostaglandin (10 mg
of prostaglandin F20. or 250 mcg of cloprostenol).

Ballottement of the abdomen should be performed, espe-
cially if an ultrasound machine is not available. It is often
possible to detect fetuses after 3 months of gestation in the
relaxed animal. If the sheep or goat has just given birth, a
retained fetus can be detected by straddling the animal,
facing its tail, and linking fingers together beneath its
abdomen (Figure 1-19). A sharp upward pull will encounter
the fetus (which feels like a frozen chicken), whereas the
abdomen of the animal that has completed parturition will
feel like a load of wet laundry.

In the male, ballottement may suggest the presence of a
fluid wave and the need to evaluate for a ruptured bladder.
A splashing sound produced by succussing the left side of
the abdomen is suggestive of a toxic indigestion, as from
grain overload, though the animal that has not eaten for
several days but has continued to drink may also develop a
splashy rumen. Rumen fluid can be aspirated through the
abdominal wall using an 18-gauge, 13-inch needle. The pH
will be less than 5, and protozoa will be dead if rumen
acidosis has occurred recently. A Gram stain of the fluid
obtained will demonstrate many gram-positive cocci and
rods, whereas the healthy rumen has a diverse population of
both gram-negative and gram-positive organisms and proto-
zoa. It is also possible to obtain rumen fluid with an orogas-
tric tube (passed through a speculum) or a nasogastric tube
such as a stallion catheter. The Gram stain of the fluid thus
obtained will be valid, but the pH is often elevated by con-
tamination with saliva.

Examination of the abdomen for conditions other than
pregnancy and false pregnancy is also greatly aided by the
use of ultrasonography. A 3.5- or 5-MHz sector scanner is
ideal. The ultrasound beam does not penetrate the rumen
well, but the right kidney (and sometimes the left) and the
liver can be visualized from the right side if fiber is clipped
or copious 70% isopropyl alcohol is applied. The liver can be

Figure 1-19 Ballottement of the abdomen to detect a retained
fetus immediately after parturition.

imaged caudal to the costal arch, on a line between the point
of the right elbow and the wing of the ilium. The gallbladder
is typically distended in anorectic animals. The abomasum
may be greatly distended in sheep with abomasal emptying
defect or in goats with a foreign body (often plastic or cloth)
obstructing the stomach. Note that small ruminants almost
never develop a displaced abomasum as seen in cattle.
Motility and distention of the small intestine can be eval-
uated. An intussusception will lead to fluid accumulation
proximal to the obstruction. The affected animal can live
for many days, but its abdomen does not become gaunt even
though it is not eating. Bloody mucus may be present in the
rectum of an animal with intussusception, whereas an unob-
structed animal that is eating poorly will have smaller than
normal fecal pellets. Enlarged intestinal lymph nodes can be
recognized by ultrasonography in small ruminants with para-
tuberculosis. If much free fluid is present in the abdomen
but the urinary bladder is not distended, intestinal adeno-
carcinoma and cardiac failure (from endocarditis) are pos-
sible causes. Migrating immature liver flukes can also cause
increased fluid and fibrin tags in the peritoneal cavity.

Evaluation of the Urinary Tract

Any male or castrated male (wether) sheep or goat that is off
feed or depressed, straining, or acting constipated should be
presumed to have a urinary obstruction until observed to
urinate freely. It may be possible to feel pulsation of the
urethra at the brim of the pelvis in the obstructed animal.
Ultrasonography will demonstrate bladder distention and
often free fluid in the abdomen subsequent to bladder
leakage, both common sequelae of urethral obstruction.
Hydronephrosis may be visible. It is also important to
examine the urethral process at the end of the penis for the
presence of a stone or sand. Rams can be set vertically, on
their rumps, to aid in the extrusion of the penis (Figure
1-20), but goats object to being in this position and may need
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Figure 1-20 Positioning the animal on its rump with the body
slightly forward of vertical will aid in extrusion of the penis.

to be tranquilized with diazepam (perhaps 0.1-0.2 mg/kg
IV). If the animal is obese, and especially if it was castrated
before puberty, it will be very difficult or even impossible to
extrude the penis. A blood sample should be obtained for
creatinine determination and then the animal released. The
sheep or goat that has been stressed by the attempted exami-
nation and blood collection will often urinate when released
if the urethra is patent. Serum urea nitrogen will not rise
as rapidly as creatinine, as excess urea can be excreted via
saliva and passed to the rumen where microbial action will
metabolize it for some hours after obstruction.

Examination of the Udder and Scrotum

An acute mastitis, often due to Staphylococcus aureus, can
rapidly kill a sheep or goat but may present as unilateral
hind-limb lameness. One side of the udder may be swollen
and firm or cold and blue with gangrene. Chronic mastitis,
typically presenting as abscesses in the parenchyma of the
udder, usually warrants culling in a commercial flock. Thus
the presence of udder abscesses may limit the allowable
expense of veterinary treatment to something less than the
meat value of the animal. For a pet, udder amputation would
be a reasonable treatment for udder abscesses, as it is for
massive enlargement of the udder of a goat that has never
been bred (inappropriate lactation syndrome).

At parturition, the teats of the dam should always be
checked for patency and milk availability. Previous bacterial
mastitis, interstitial retrovirus mastitis (caprine arthritis-
encephalitis or OPP) or scar tissue induced at the base of the
teat by excessive nursing efforts by hungry offspring during
the previous lactation will result in starvation or failure of
passive protection in the neonate.

Although a CMT can be easily performed to check for
elevated somatic cell count in the milk of small ruminants,
it must be remembered that recent parturition, late lacta-
tion, or a systemic illness limiting milk production can mark-
edly elevate the somatic cell count. The milk from a healthy

goat udder can easily give a +1 on a CMT without mastitis,
and a marked difference between the CMT results from the
two udder halves is more meaningful than a bilaterally
increased CMT reaction.

The scrotum of a breeding male should be examined for
the presence of two firm, resilient, freely movable testes.
Both cryptorchidism (usually unilateral) and herniation of
intestines into the scrotum are relatively common hereditary
conditions and should result in removal of the male from the
breeding population. Trauma and accumulation of free urine
in a male with urolithiasis are additional reasons for swelling
of the scrotum. An ultrasound examination will facilitate the
diagnosis of these problems, including location of a cryptor-
chid testis. Bacterial (lamb) epididymitis in ram lambs
around the time of puberty and enlargement of the tail of
the epididymis in mature rams that have contracted ram
epididymitis due to Brucella ovis can often be detected by
palpation and warrant culling. Skin infections or frostbite of
the scrotum may lead to temporary infertility. When males
are castrated by application of a rubber castration band, a
testis occasionally slips out of the scrotum and will be found
tight to the abdomen of the wether after the scrotal sac has
sloughed.
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EXAMINATION OF THE SURGICAL
PATIENT (PIG)

Robert J. Callan

GENERAL CONSIDERATIONS

Pigs present unique challenges when it comes to obtaining a
complete physical examination, whether for evaluation of a
medical or a surgical condition. In general, both commercial
and pet pigs do not quietly accept restraint and excessive
handling. This presents a problem because a complete physi-
cal examination requires close contact and manipulation of
the pig. However, a complete physical examination is a criti-
cal tool to evaluate the potential surgical condition and
evaluate the patient for additional problems that could com-
plicate a surgical procedure, increase the risk of sedation
or anesthesia, or increase the risk of surgical or medical
complications.
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Obtaining an accurate and thorough signalment, present-
ing complaint, and history provides important context to the
clinical evaluation. If this is done while present with the
patient, the time can also be used to evaluate the environ-
ment, the animal’s interaction with the surroundings, and
the general attitude of the patient. Particular observations to
note will be described under the specific organ system here.
It is most important to be calm, quiet, and patient when
attempting to examine the pig. Working with the pig rather
than applying excessive restraint will often result in a more
effective and useful physical examination.

Safety, Handling, and Restraint

Minimal restraint with gentle guidance often provides better
results than close physical restraint for both pet and com-
mercial pigs. Commercial pigs should be approached quietly
and calmly in a nonthreatening manner. Adult commercial
pigs, particularly sows with piglets, can become protective
and aggressive and bite. Examining an adult pig at feeding
time or providing feed during the examination may distract
the pig and allow the examination to be performed. Some
pigs will allow you to examine them freely in an enclosed
pen using the side as a barrier. Gentle scratching at the base
of the neck or along the top back line may help keep some
pigs calm. Restraint in a pig crate that prevents the pig from
turning around can be helpful. Alternatively, pigs can be
restrained between a wall and a pig board or a gate and wall
(Figure 1-21). Younger pigs can also be restrained by sitting
them up. The clinician stands just behind the pig and grasps
the front limbs and shoulders and sits the pig up on its rear,
similar to sheep. This will allow examination of the head,
ears, eyes, and front feet. After this, the pig can be let down
on its back and braced between the examiner’s legs. Many
pigs will struggle less while lying on their back. This will
allow further options for examination.

Commercial pigs will often respond well to a snout snare.
The snare is applied over the maxilla and behind the incisors
(Figure 1-22). Once applied the pig will generally pull back
against the snare but allow examination, palpation, and
manipulation of the body. Vocalization during restraint may
make auscultation of the thorax and abdomen impractical.
Young commercial pigs are often caught by grabbing a front
or hind leg. Small pigs, once caught, can be restrained by
suspending from both hind legs while cradling the pig
between the restrainer’s legs, or firmly supporting it laterally
against the restrainer’s trunk. Holding pigs by their trunks
is rarely effective for commercial pigs and often results in
considerable vocalization. Placing in a smaller crate or sus-
pending in a sling may work better for young pigs.

Figure 1-21 Using a board to restrain a pig in a confined space.

In general, pet pigs are more easily restrained and handled
for a physical examination than commercial pigs. Most pro-
cedures of a general physical examination, including the
collection of vital signs, thoracic and abdominal auscultation,
general palpation, and even ultrasound examination can be
done with minimal restraint for pet pigs. Depending on the
pet pig, this might be best done in an open-topped travel
crate or box, on an examination table, free on the ground
with treats, backed into a corner, or with someone holding
the pig (Figure 1-23). Some pet pigs respond well to being
wrapped in a towel or blanket; however, many times they
may also vocalize more with this restraint. Covering the eyes
with one’s hand while firmly supporting the pig’s body
against the restrainer will soothe many small commercial or
pet pigs. Some pigs may restrain well by kneeling and placing
them between the examiner’s legs and either holding up
their noses or even sitting them up on their hindquarters like
sheep. Gentle scratching with your fingers or a table fork on
the back, rump, or belly may calm a pet pig, making the
examination easier. Suspending the pig in a sling with holes
cut for the legs can also work well. It may be necessary to
try several different approaches to find the one that works
best for what you are trying to accomplish.

Some methods typically used for restraint in commercial
pigs would not be acceptable to owners of pet animals and
can result in injury. Pet pigs should not be caught and
restrained by grabbing their legs. There is increased risk of
limb, pelvic, or back trauma with these methods. Also, pig
snout snares are generally not accepted by pet pig owners.
However, a pig board or gate can sometimes be helpful and
well accepted for a larger pet pig.

Figure 1-22 Use of a snout snare for restraint to perform
procedures.

Figure 1-23 Use of a board to manipulate pigs in a confined
space.
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Figure 1-24 Mask used for induction of anesthesia in a pig.

Chemical sedation can be extremely helpful in perform-
ing a physical examination and other procedures such as
blood collection. Refer to Chapter 5 for additional informa-
tion on drugs that are effective for sedation or anesthesia in
pigs. Midazolam (0.2-0.3 mg/kg) and butorphanol (0.2-
0.3 mg/kg) given together intramuscularly provide consis-
tent mild sedation for most commercial and pet pigs.
Acepromazine (0.03-0.1 mg/kg intramuscularly) can also be
used for general mild sedation. The response to xylazine is
variable and often requires high dosages.

Masking a pig with inhaled isoflurane works very well for
pet potbellied pigs and smaller commercial swine (Figure
1-24). Tt also has the advantage of a very rapid and smooth
recovery. Masking with isoflurane alone or in combination
with the sedation protocols mentioned here is suitable for
short diagnostic or surgical procedures. Initially, concentra-
tions of 4% to 5% isoflurane should be used until the pig is
recumbent and then the concentration is reduced to 2% to
3% for the duration of the procedure. General anesthesia can
be induced with sedation followed by masking with isoflu-
rane. In the author’s experience, endotracheal intubation is
easier when chemical sedation precedes masking with isoflu-
rane and intubation. Endotracheal intubation in swine has
been recently reviewed (see recommended reading). Knowl-
edge of the anatomic challenges and utilization of an appro-
priate size endotracheal tube greatly increases the success of
this procedure.

Vital Signs

General vital signs can often be obtained from a pig without
excessive restraint or sedation. Respiration rate is best
obtained before handling the pig and can be obtained while
observing the pig from a short distance. Normal respiration
rate in a healthy nonstressed pig ranges from 15 to 50 breaths
per minute. Normal rectal temperature ranges from 101.6 to
103.6 °F. Peripheral pulses are difficult to identify in pigs so
heart rate is generally determined by thoracic auscultation.
Normal resting heart rate ranges from 70 to 120 beats per
minute.

Peripheral tissue perfusion can be assessed in multiple
ways. Examination of oral mucous membranes is not always
possible in nonsedated pigs. Caution should be exercised
with any pigs because they may bite. The vulva of female
pigs provides a convenient way to assess perfusion at a
mucous membrane surface and obtain a capillary refill time.
Ocular conjunctiva can also be evaluated. Evaluation of the
surface temperature of distal extremities including the ears,
feet, and legs can help assess peripheral perfusion and shock.

Noting how far the coldness extends up the limb can provide
objective criteria to this assessment and help evaluate
response to treatment. The sclera should be examined for
evidence of injected blood vessels, suggesting systemic sepsis.

There is no established best method for evaluating hydra-
tion status in pigs. The clinician should evaluate multiple
criteria including mucous membrane moisture, eyeball reces-
sion, and skin tent. Skin tent is best evaluated over the
thin skin of the ventral abdomen. The skin can be pinched
between the thumb and finger, twisted 90 degrees, and then
let go to evaluate the number of seconds to return to normal.
Normal skin tent in pigs, as in other animals, is less than 2
seconds. Dehydration can be estimated with the following
formula:

Estimated % Dehydration = (Skin Tent (seconds) x 2) — 4

General Appearance

Taking some time to evaluate the general appearance of the
pig will also help focus a more specific examination. The
normal pig should stand and walk with a fairly straight or
slight dorsal curve to the back. Excessive hunching or dorsi-
flexion suggests lameness or skeletal or abdominal pain.
Many potbellied pigs normally demonstrate a tightrope gait
in the rear limbs that may be confused for weakness or
ataxia. If observed, additional evaluation should be per-
formed to rule out possible musculoskeletal, neurologic, or
abdominal disease. The ears should be held erect and pointed.
The pig should respond to sounds in the area. A normal pig
will use its nose to investigate the environment by sniffing.
The respiratory pattern should be even and without effort.
The abdomen should appear full but not distended, gaunt,
or tucked up. A gaunt tucked-up belly may indicate an
animal that is not eating. The pig should appear symmetric
through all major muscle groups. The body contours should
be smooth with no evidence of bumps or masses. The
perineum should be clean and not stained from feces or
vaginal discharge.

Skin

The skin should be visually inspected as well as palpated for
any bumps or irregularities. It should feel warm and, in
unpigmented pigs, have a pink color. A yellow discoloration
of the ears or unpigmented areas may indicate jaundice. The
skin surface should be examined for bite marks, other
wounds, and lice. Mites should be considered if the pig is
pruritic, and these pigs will often have areas of erythema,
thickened and possibly crusty skin. Erysipelas is character-
ized by raised red diamond-shaped lesions and is a potential
zoonotic disease. Ringworm lesions often present as raised
tan or brown lesions with hair loss. Many pigs have dry
crusty skin. This can be an indication of nutritional deficien-
cies such as vitamin E or zinc. Dietary supplementation,
seborrheic shampoos, topical vitamin A and E, or skin con-
ditioners may improve this in pet pigs. Any light-color pig
is susceptible to sunburn. This can result in a wide range
of clinical signs including redness of the skin, hypersensitiv-
ity, irritability, and even behavior that looks like colic or
seizures.

Head, Eyes, Ears, Nose, Mouth, Throat,

and Neck

The head should be held in a natural position and is sym-
metric. The eyes should appear alert without excessive dis-
charge. Pale conjunctiva may be a sign of anemia or shock.
A pen light should be used to evaluate the cornea, surround-
ing ocular structures, and pupillary light reflex. The eye
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should be centered in the orbit with normal ocular move-
ment. Enophthalmos may be seen with emaciation or dehy-
dration. Exophthalmos may indicate retrobulbar abscess or
neoplasia. Nystagmus is suggestive of central neurologic
disease, such as meningitis, salt toxicity, or trauma. Potbel-
lied pigs, particularly overweight pigs, are prone to entro-
pion, and the eyes should be carefully examined for this
condition.

The animal should be checked for any evidence of a
drooped ear, discharge, bleeding, or bite marks. A drooped
ear may be an indication of ear infection or possible neuro-
logic disease. The nose should be moist, and the pig will
interact with the environment by sniffing. Excessive serous
discharge, purulent discharge, bleeding, or nasal deviation is
abnormal. The mouth should be symmetric and aligned. The
animal should not drop food when eating. There should not
be excessive drooling. Examination of the oral mucous mem-
branes and oral cavity is often difficult without sedation.
When possible, a capillary refill time can be performed and
is normally 2 seconds or less. Pale mucous membranes may
be a sign of systemic shock or anemia. The mandible and
maxilla should be palpated for any signs of irregularities or
masses that could indicate tooth-root infections, abscesses,
or oral neoplasia.

The intermandibular and retropharyngeal regions are
examined for masses that could be abscesses or enlarged
lymph nodes. Lymphosarcoma can occur in young as well as
old pigs. The larynx and trachea are palpated with an attempt
to induce a cough. The neck is evaluated for any asymmetry,
masses, or sensitivity.

Cardiovascular

If the patient is calm and approachable, cardiac auscultation
can often be performed without sedation. The heart rate
is assessed by auscultation, and both the first and second
heart sounds should be audible just in front of the point
of the elbow. The cardiac rhythm should be a normal sinus
rhythm. Auscultate both the left and right sides for abnor-
mal cardiac sounds including cardiac murmurs. Valvular
endocarditis in pigs is most commonly found at the right
atrioventricular valve and the murmur if present will be
loudest at the right-heart base. Congenital cardiac anomalies
can also result in cardiac murmurs. Muffled or washing-
machine-type sounds suggest possible pericarditis or pleu-
ritis. A peripheral pulse may be palpable in the auricular
artery or the femoral artery but is generally difficult to
identify in most pigs.

Respiratory

The breathing character with the animal resting should be
noted while watching and listening for a cough or sneeze.
Thoracic auscultation of breath sounds can be performed in
many pigs with limited restraint. Normal pigs may have very
quiet breath sounds. Increased loudness of breath sounds
ventrally is suggestive of bronchopneumonia. Breath sounds
heard dorsally with decreased breath sounds ventrally suggest
possible pleural effusion. Crackles or wheezes are always
considered abnormal and should be investigated further. An
occasional spontaneous cough may be normal, but consistent
coughing or sneezing is abnormal. The larynx and trachea
should be palpated as well and pinched to attempt to produce
an inducible cough.

Some pigs, particularly pet pigs, may allow further
auscultation of breath sounds using a rebreathing bag. A
plastic bag or rectal sleeve is placed over the nose and
mouth and the pig is allowed to breathe normally. As
the pig begins to show distress, the bag is removed and

breath sounds are auscultated immediately. This procedure
induces deep breaths that may accentuate abnormal breath
sounds.

Thoracic ultrasound examination has become a much
more common procedure for evaluation of lower respiratory
disease in farm animals with the wider availability of ultra-
sound equipment. The techniques and findings of thoracic
ultrasound examination described in cattle are applicable to

pigs.

Gastrointestinal

The feces should be examined for color and consistency.
Normal pig feces are formed and often clumped. Firmly
clumped dark feces are often a sign of dehydration. Dark
black feces may also indicate melena. Watery feces are typi-
cally a sign of infectious enteritis or colitis. If no feces are
present, the perineum should be examined for fecal staining.
A digital rectal examination can be performed to obtain
feces if present. Scant feces, or the lack of feces, may indicate
intestinal obstruction. Constipation is a common sequela in
ill, anorexic pigs. Congenital atresia ani is observed in pigs,
and it is important to confirm patency of the anus in a sick
neonate, especially if it has a distended abdomen. Rectal
prolapse also occurs in pigs, often secondary to other gastro-
intestinal or respiratory diseases that cause abdominal strain-
ing. Rectal palpation is rarely done in pigs but can be
performed in some adult sows and boars for evaluation of
abdominal organs.

If tolerated, the abdomen should be palpated for fill,
internal masses, and response to abdominal pain. The body
wall, umbilicus, and inguinal region should be examined for
possible herniation. The abdomen can be auscultated for the
presence of borborygmi. If the abdomen is distended, it can
be gently balloted during auscultation, listening for the
sound of fluid and gas within the stomach or intestine. This
may be a sign of obstruction, entrapment, volvulus, or gas-
troenteritis. Ultrasound is extremely helpful to evaluate the
abdominal cavity and will be discussed under ancillary
diagnostics.

Mammary

The mammary glands should be symmetrically located on
both sides of the ventral midline. Sows should have at least 6
glands per side (range, 3 to 16). The mammary glands should
be soft and pliable. Enlarged, red, hot, or painful mammary
glands are a sign of mastitis. In lactating sows, milk can be
expressed from the teats and examined grossly or submitted
for bacterial culture if there is evidence of mastitis. Firm
nodular mammary glands may be a sign of neoplasia.

Musculoskeletal

When standing, all four feet of the pig should be placed
evenly on the ground, with no evidence of lameness when
walking or trotting. Some pigs will allow more detailed pal-
pation and examination of the limb with mild physical
restraint. Another alternative is to sit the pig up on its hind-
quarters or lay it on its back. About 50% of lameness in pigs
is in the feet, and the remaining 50% is in the limb itself.
All four limbs should be examined for any swelling, erosions,
or bleeding. The feet should be examined for any evidence
of erosion or damage to the hoof including the sole. Pinching
the claw may elicit a pain response indicating abscess, infec-
tion, or trauma. The hoof wall is checked for cracks or
defects. The coronary band is examined for evidence of
inflammation or vesicles that could be caused by irritants or
viral vesicular diseases.
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Figure 1-25 Pig weak in the hind end.

All joints should move easily and have no evidence of
swelling. Septic arthritis is common in commercial pigs.
Osteoarthritis is common in older pet pigs. Fractured legs
and joint luxation may also occur. Both of these conditions
are generally very painful and often result in a non-weight-
bearing lameness. The major muscle groups should also be
palpated for signs of swelling, hardness, or pain. Muscle
trauma or nutritional myopathy can result in lameness.

Nervous

Nervous system evaluation is similar to that in other species.
Abnormal mentation may be a sign of a cerebral central
nervous system disorder, such as trauma, salt toxicity, viral
encephalitis, or bacterial encephalitis or meningitis. Nys-
tagmus is a common sign observed with cerebellar diseases.
A Dbasic cranial nerve examination can also be performed
in most pigs without much difficulty. Ambulation should
be assessed, noting any signs of weakness, ataxia, or con-
scious proprioceptive deficits (Figure 1-25). If a peripheral
nerve abnormality is suspected, limb reflexes may be
attempted in cooperative patients. Withdrawal reflex and
pain response should be assessed in any recumbent or para-
lyzed patient.

Reproductive

In the sow, the vulva should be examined for symmetry,
swelling, or abnormal discharge. The vulvar mucous mem-
branes should be pink and have a capillary refill time of 2
seconds or less. Vulvar hematoma or cellulitis can occur fol-
lowing parturition and is noted by swelling. Hemorrhagic,
purulent, or necrotic vaginal discharge in a pregnant gilt or
sow suggests abortion or dystocia. Following parturition,
abnormal discharge may indicate retained placenta, metritis,
or retained fetus. Vaginal prolapse can occur in pigs. Uterine
prolapse can also occur during or following parturition.

In the boar, the scrotum, testes, and epididymis should
be evaluated visually and by palpation. The scrotum and
testes should be symmetric, located in the ventral perineum.
The testes are firm but not hard or nodular. Asymmetry or
softening of the testes may indicate testicular degeneration.
The prepuce is palpated for any abnormal masses or swelling.
The paired preputial diverticula are located at the distal
aspect of the prepuce and form two swellings on either side.
The preputial diverticulum normally contains a malodorous
fluid that can be manually expressed from the prepuce.
However, if this fluid is purulent or hemorrhagic, or if the
diverticulum is firm and painful, it may indicate infection or
abscessation. In pet pigs, owners may request surgical resec-
tion of the preputial diverticulum for esthetic reasons. The
penis can be palpated within the prepuce. Hemorrhagic dis-

charge from the prepuce is abnormal and should be investi-
gated further.

Urinary

When indicated, based on the presenting complaint, the
patient should be evaluated for normal urination. Evidence
of dysuria (pain during urination), stranguria (difficulty in
urination), or pollakiuria (abnormally frequent urination) are
all signs of possible urinary disease. These signs could indi-
cate possible urinary infection, bladder stones, or urethral
obstruction. Collection of urine with urinalysis is recom-
mended if signs of urinary-tract disease are observed. A
digital examination can be performed to evaluate muscular
contraction and pulsation of the pelvic penis that is support-
ive of urethral obstruction. Urolithiasis is the most common
cause of urethral obstruction in pigs. Further diagnostic
evaluation of the urinary tract including the kidneys, ureters,
urinary bladder, and urethra by ultrasound or radiography
may be indicated.

Hemolymphatic

Peripheral lymph nodes are not generally palpable in the
normal pig. Occasionally you can palpate a prescapular or
prefemoral lymph node in a normal pig. Thus the presence
of palpable lymph nodes is most commonly associated
with an abnormal medical condition such as infection
or lymphosarcoma. The intermandibular, retropharyngeal,
axillary, prescapular, prefemoral, inguinal, and popliteal
regions should be assessed for the presence of lymph-node
enlargement.

The hemolymphatic system can be further evaluated by
a complete blood count (CBC). Blood collection is more
challenging in pigs than it is in most other domestic species
because peripheral blood vessels suitable for venipuncture
are not as easily identified. In commercial pigs, blood can be
obtained from the auricular veins. However, these veins col-
lapse easily and may not allow the clinician to acquire a
sufficient volume of blood. Blood collection from the ear
veins can be accomplished using a rubber band at the base
of the ear as a tourniquet and a 22- to 19-gauge butterfly
catheter for venipuncture. If all that is needed is a small
volume to perform a PCV and total protein, then a needle
can be inserted directly into the vein and hematocrit tubes
filled directly from the hub of the needle. Small volumes
(generally <1 mL) of blood can also be obtained from the
base of the tail. The tail veins in pigs lie more superficially
than in cattle.

Larger volumes of blood can be collected from the right
brachiocephalic vein or the right external jugular vein in the
neck. Neither of these veins is superficially apparent in the
neck, and a blind stick is generally performed based on ana-
tomic landmarks. The right side is recommended to mini-
mize potential trauma to the phrenic nerve, thoracic duct,
vagosympathetic trunk, recurrent laryngeal nerve, or esoph-
agus because they are more vulnerable on the left side. Veni-
puncture of the brachiocephalic vein or the right jugular vein
can be performed with the animal in a sitting or sternal
position with the head and neck extended, particularly in
larger adult commercial pigs. A snout snare can be used for
restraint in commercial pigs. In smaller pigs, including pot-
bellied pigs, the animal may be positioned in a sitting or
sternal position, or in left lateral or dorsal recumbency. Addi-
tional assistance restraining the pig will be necessary. Alter-
natively, the pig can be masked down with isoflurane to allow
safe collection of an adequate sample.

Brachiocephalic venipuncture is performed at the base of
the neck just rostral and lateral to the manubrium in a notch
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formed by the manubrium and the shoulder. A 11-inch (pigs
<100 kg) or 2-inch (pigs >100 kg) 16- to 20-gauge needle is
used, depending on the size of the pig. In very small pigs
(<10 kg) a 1-inch needle may be long enough. The needle is
inserted at this site and steadily directed toward the dorsal
border of the left scapula. Negative pressure is maintained
on the syringe or the vacuum tube is inserted on the vacuum
tube needle. Once blood is obtained, the syringe or tube is
filled and the needle withdrawn. If blood is not obtained, the
needle is slowly withdrawn through the skin and then rein-
serted in either a more medial or lateral direction.

Jugular venipuncture is performed in the mid- to distal
third of the right jugular furrow. A 11-inch needle is inserted
perpendicular to the skin. If no blood is obtained on first
insertion, then the needle is pulled back out to the skin and
redirected medially and then laterally until blood is success-
fully obtained. Ultrasound can be a helpful tool to identify
the brachiocephalic and jugular veins when learning to
perform this procedure (Figure 1-26).

In pet pigs, venipuncture of the cephalic vein or the
lateral saphenous vein can be attempted. These veins are not
generally visible due to the thickness of the skin. A blind
stick is performed based on knowledge of the normal
anatomy. Ultrasound with a standoff probe can help locate
these veins and direct the needle for venipuncture.

Ancillary Diagnostics

The CBC, serum chemistry, and urinalysis are the most
useful ancillary diagnostic tests used in the evaluation of
swine. These procedures are less commonly performed for
commercial swine but may be commonly requested by pet
pig owners. Normal values are available in some of the refer-
ences listed at the end of this section. Reference values can
also be obtained using the online Merck Veterinary Manual
(www.merckvetmanual.com).

Radiography can be helpful in assessing several different
organ systems including the thorax, abdomen, and skeletal
structures. Ultrasound is also an extremely helpful diagnos-
tic tool that is becoming more commonly used for field and
hospital diagnostic evaluation in all food animal species.
Specific reviews of diagnostic ultrasound evaluation of swine
are not currently available. However, the principles are
consistent across species. Several excellent references for
diagnostic ultrasound in cattle are listed at the end of this
section.

Intravenous Catheterization

Intravenous catheterization in commercial pigs can often be
performed in one of the auricular veins. Auricular-vein cath-
eters are suitable for general IV fluid and medication admin-
istration. However, in potbellied pigs, these veins are rarely
sufficiently visible and accessible for catheterization. The
cephalic vein has been used by some clinicians in potbellied
pigs; however, success is variable due to the difficulty in
identifying the vein and inserting the catheter. Ultrasound-
guided percutaneous IV catheterization has also been
described (Figure 1-26) (see Recommended Readings).

The lateral saphenous vein, located on the lateral aspect
of the rear limb, just proximal to the hock, provides excellent
access for a surgically placed catheter (Figure 1-27). With
the animal heavily sedated or under general anesthesia, the
described area of the hock is clipped and prepared for aseptic
access. The lateral saphenous vein runs proximally from the
hock in the tissue between the calcaneus and tibia. A 3- to
4-cm incision is made over the lateral saphenous vein (Figure
1-28A). The subcutaneous tissues are separated by sharp and
blunt dissection until the vein is isolated (Figure 1-28B).
Once isolated, a catheter can be placed in the vein. The

Figure 1-26 Ultrasound-guided percutaneous catheterization
of vasculature.
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Figure 1-27 Anatomic figure depicting location of lateral saphe-
nous vein.

author prefers a flexible Mila over the wire catheter for this
procedure (Mila International; Erlanger, KY).? With this
catheter, the insertion needle is placed into the vein and the
wire is threaded up the vein (Figure 1-28C and D). Alterna-
tively, the vein can be held with a thumb forceps and the
needle used to make a nick into the vein. The wire is then
threaded through the nick into the vein without the guid-
ance of the needle. Once the wire is in place, the catheter
can be inserted and sutured in place.

*Mila International, Erlanger, KY 41018, USA, https://www
.milainternational.com/.
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Figure 1-28 A, Small incision is made through the skin over the lateral saphenous vein. B, The
lateral saphenous vein is isolated. C, A Mila stylet catheter is introduced into the lateral saphe-
nous vein. D, The catheter is advanced into the lateral saphenous vein through the stylet.
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CHAPTER 2

Diagnostic Imaging

Anthony Pease

(The editors wish to acknowledge and thank prior authors Drs. Stephanie Nykamp and Amy Yeager)

sound examination, is an invaluable and underused

tool for the farm animal practitioner. Other infre-
quently used modalities include nuclear medicine, computed
tomography (CT), scintigraphy, and magnetic resonance
imaging (MRI). Because of the variety of available imaging
modalities, the proper imaging study must be selected to
maximize the chances of detecting lesions while minimizing
time and cost to the client and staying in compliance with
respective regulatory offices. This section will provide an
outline for general techniques and indications of when to use
various imaging modalities in the food animal.

Diagnostic imaging, such as radiographs and ultra-

RADIOGRAPHY

Survey radiography, including digital and computed radiog-
raphy, is considered the mainstay of diagnostic imaging. The
various views that can be acquired have been described in
detail in other publications (Bargai et al, 1989c; Pharr and
Bargai, 1997). A table has been provided to illustrate a
general guide—a starting point—for techniques to acquire
different radiographic studies in various species using
standard radiographic cassettes or computed radiography.
Without digital radiography, the nature of ambulatory work
does not allow practitioners the luxury of developing the
film, evaluating the radiograph, adjusting the technique, and
retaking radiographs if the exposure is unsatisfactory. The
expansion and availability of digital radiography and even
more portable computed radiography equipment are begin-
ning to eliminate this limitation, especially for larger farms
or institutions able to afford the technology. All recommen-
dations on exposure assume an average-sized animal and a
film-to-tube focal distance of no greater than 40 inches (or
as close as possible in regard to thorax and abdomen). If the
patient appears thin or obese, decreasing or increasing the
kilovolt peak by no less than 15% adjusts the technique.
Alternatively, the milliamps per second can be changed by
no less than 50%, depending on the radiographic study
required.

In general, increasing the kilovolt peak will provide
greater penetration of the x-ray photons and give an overall
gray appearance, which is desirable for thoracic radiographs.
In contrast, increasing the exposure time (milliamps per
second) will increase the contrast of a film, thus making it
more black and white. This technique provides good bone
detail that is desirable when radiographs of the extremities
are obtained. With computed and digital radiography, tech-
nique becomes less about controlling subject contrast,
because this is done with the computer, and more about
making sure you penetrate the patient. Therefore higher
kilovolt peak and lower milliamps per second are used to
minimize patient motion.

Proper technique will aid in providing a quality film;
however, appropriate measures must be taken to provide

adequate radiation safety to the practitioner, patient, and
technicians. The basic principle of ALARA—an acronym for
as low as reasonably achievable—should always be used.
This means using a cassette holder, lead gloves, and lead
aprons when exposing a film. The minimum exposure time
should be used, and all personnel should be kept as far from
the primary beam as possible. It should always be remem-
bered that the cassette, lead gloves, and lead apron do not
stop the primary x-ray beam. Therefore people or body parts
in line with the primary beam receive a radiation dose similar
to that of the structure being imaged.

In addition to survey radiographs, contrast radiography
can also be performed to provide additional information
about soft tissue structures. Contrast procedures that
examine the esophagus, digits, mammary gland, and urinary
bladder have been described. Positive contrast mammogra-
phy can be performed on the mammary gland and teat;
however, to the author’s knowledge, no milk withdrawal
times for iodinated contrast media have been published. In
addition, intravenous sodium iodine is not for use in the
lactating dairy cow; thus no inferred withdrawal time can be
made. Therefore if iodinated contrast media is used in the
lactating cow, the recommendation is to strip the teat thor-
oughly and observe a withdrawal time of approximately 5
days. In the United States this withdrawal time is only a
suggestion, and the authors recommend contacting the local
state regulatory commission before performing the proce-
dure. To perform positive-contrast mammography, a small
volume (10-30 mL) of iodinated contrast media (Hypaque-
76" is infused into the affected and a nonaffected teat via a
teat cannula. Lateral radiographic projections are then
acquired of each mammary gland separately. Structural
lesions of the papillary duct and lactiferous sinus can be
detected (Figure 2-1A and B).

Positive-contrast urethrography is difficult to perform in
goats because of the urethral process. In the pig, it is also
difficult to pass a urinary catheter in a retrograde fashion
because of the spiral nature of the penis. For this reason,
positive-contrast normograde urethrography via a tube cys-
totomy is recommended. This procedure entails placing a
percutaneous (or surgical) cystotomy tube and approxi-
mately 50 to 200 mL of iodinated contrast medium (e.g.,
Hypaque-76) into the urinary bladder. The bladder is filled
with sterile saline until the urine overflows into the urethra
or the urinary bladder is palpable. A liter of saline may be
required before urination occurs and the urethra is opacified.
Gentle pressure can be placed on the urinary bladder to
promote emptying. This procedure provides a positive-
contrast cystogram and a positive-contrast urethrogram. If

'Diatrizoate Meglumine and Diatrizoate Sodium, Nycomed Inc.,
Princeton, NJ, USA.
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Figure 2-1 Contrast lateral radiographs of the unaffected right-
cranial quarter (A) and the left-cranial quarter (B) in an adult
cow. Note the filling defect (arrows) in the lactiferous sinus of
the left cranial quarter (B).

available, fluoroscopy greatly aids in evaluating the urinary
bladder and urethra during this procedure (Figure 2-2).

Thoracic and abdominal radiography, especially in large
food animals, requires specialized equipment generally found
only in teaching or referral hospitals. The reticulum can
be imaged with a portable unit if the cow is first placed
in dorsal recumbency. This moves the contents of the reticu-
lum and abomasum toward the back of the animal, and
the air rises to outline the ventral position of the reticulum
(see Figure 14-49). Alternate imaging modalities, such as
ultrasonography, should be considered for evaluating the
thorax and abdomen.

T ey

Urethra

t

Urinary Bladder

Figure 2-2 Fluoroscopic, contrast cystogram of a goat. A
catheter was placed percutaneously into the urinary bladder,
and contrast medium was administered. Pressure was placed on
the urinary bladder to put contrast medium into the urethra.
This is useful to help identify urinary calculi within the urethra.
Generally, there is too much contrast medium in the urinary
bladder at this point to be able to see calculi within the urinary
bladder itself, and therefore a small volume of contrast medium
is administered first to provide a contrast cystogram.

ULTRASOUND

For ultrasound examination of the thorax or abdomen of a
large animal, the major requirement is a low-frequency
(MHz) probe. This is because the lower the frequency of the
sound waves emitted, the deeper the penetration of the
probe. However, the depth of penetration is inversely pro-
portional to resolution, which means the deeper the struc-
ture being imaged, the less clear it will appear.

Ultrasound works by sending high-frequency sound waves
into the structure being imaged. The sound waves are then
attenuated, absorbed, scattered, or reflected back to the
transducer. The transducer detects the sound waves reflected
back and determines the depth of the sound wave based on
the time that passes from the initial pulse. This assumes that
the structure imaged is soft tissue, which conducts sound at
1540 m/s. The intensity of the reflected sound wave is con-
verted to a grayscale. Based on the time and intensity of the
sound waves returned to the transducer, images are pro-
duced. The images are then described based on the echo-
genicity, margin, and size. Echogenicity is a relative term and
is usually described based on the surrounding parenchyma
or another structure (e.g., spleen is hyperechoic in compari-
son to the liver and kidney is hypoechoic to spleen).

The convention to display images is to have the patient’s
left side on the right side of the video screen or print (much
like viewing a radiograph). In addition, dorsal or cranial is
displayed on the left of the video monitor and ventral or
caudal is on the right. Images are described based on the
plane on which they were acquired. Generally this involves



transverse (cross-section), longitudinal (long-axis), or oblique
image planes. These planes can be related either to the
patient as a whole (transverse sonogram of the cranial
abdomen) or to the organ or structure being imaged (longi-
tudinal image of the abomasum).

In a standard large-animal (bovine) abdomen, a 5- to
2-MHz probe generally is used. The sonographer can use any
approach as long as it is systematic and thorough. The general
abdominal ultrasound examination begins at the paralumbar
fossa of either the right or left side, progresses cranially
between intercostal spaces, and continues to the level of the
thoracic cavity (lungs and heart). Then the opposite side is
imaged. The technique described can be used for any farm
animal but is different from the organ system approach used
in small animals. For the left-abdominal window of the
bovine, the rumen and reticulum are the most notable struc-
tures. The liver and spleen can also be evaluated. In the
right-abdominal window, the right and left kidneys (Figure
2-3), omasum, liver (Figure 2-4), gallbladder (Figure 2-5),
and intestines can be seen. In the ventral abdomen, the
intestines, abomasum, and reticulum can be seen. During
transrectal ultrasound examination, evaluation of the repro-
ductive tract and potentially of the urinary bladder and left
kidney can be performed.

No established technique has been reported for evaluat-
ing the thorax. In the authors’ hospital, thoracic ultrasonog-
raphy generally begins cranially and progresses caudally
while using the intercostal spaces. This is done until the
lung is no longer detected. Because the lung is relatively
superficial, a higher frequency probe (8 to 5 MHz) can be
used for a normal lung. A low-frequency probe is required
to evaluate the heart, large pleural-fluid accumulations, and
large pulmonary or mediastinal lesions. During thoracic
ultrasonography, only the surface of the aerated lung (Figure
2-6) can be seen because the air interface reflects 99% of

Figure 2-3 Transverse sonogram of the left kidney with a
5-to 3-MHz phased array sector probe in an adult Rambouil-
let sheep with a history of weight loss. Note the hypoechoic
medulla of the kidney (arrows) in comparison to the cortex. This
patient was diagnosed with immune-mediated glomerulone-
phritis secondary to chronic Corynebacterium pseudotuberculosis
infection.
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the sound waves back toward the transducer. In doing so,
the air interface prevents detection of deeper structures.
Pulmonary lesions must extend to the surface of the lung
to be detected. Thoracic ultrasound is most useful for
detecting pleural fluid, pleural masses, and body wall lesions
(Figures 2-7 and 2-8A and B). Ultrasound-guided fine-needle
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Figure 2-4 Oblique sonogram of the liver using a 3- to
2-MHz phased array sector probe in an adult Holstein cow
with a history of anorexia and diarrhea for 7 days. Note the
large hepatic vein and caudal vena cava (CVC). The patient had
right-sided heart failure with secondary passive congestion of

the liver and gallbladder.
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Figure 2-5 Oblique sonogram of the liver with a 3- to 2-MHz
phased array sector probe in an adult Holstein cow with a
history of anorexia and diarrhea for 7 days. Note the thick
wall of the gallbladder (8 mm), attributed to edema. The patient
had right-sided heart failure with secondary passive congestion

of the liver and gallbladder.
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Figure 2-6 Transverse sonogram of the right thorax using an 8- to 5-MHz curved array
probe in an 8-month-old pigmy goat with postanesthetic hypoxia. Note the bright hyper-
echoic line (arrow) with no returning echoes deep to the structure. This line should move with
respiration and represents the interface of lung and pleural space. No abnormality is detected.
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Figure 2-7 Longitudinal sonogram using a 5- to 3-MHz phased array sector probe (A) and
transverse computed tomography (CT) (B) of the right thorax in an adult Rambouillet sheep
with a history of weight loss. In the sonogram, note the large, hyperechoic mass in the right
caudal lung lobe. The ribs (arrows) cast acoustic shadows that obscure the cranial and caudal
aspects of the mass. On CT (B), note the large, soft tissue dense mass within the right caudal
lung lobe (arrows). This mass was a pulmonary abscess that cultured positive for Corynebacte-
rium pseudotuberculosis.

aspirates for cytology and culture can be obtained to aid in
making a diagnosis.

Ultrasound of specific locations—including the neck,
umbilicus, mammary glands, subcutaneous tissues, joints,
limbs, and perineum—can be performed. These sites are
generally used to evaluate lymph nodes, foreign bodies,
masses, abscesses, or urinary calculi.

The use of ultrasound examination to evaluate fractures
of the shoulder, proximal thoracic and pelvic limbs, or the
pelvis has also been suggested. This is because, as described
previously, the techniques required for radiography of these
structures are generally beyond the capabilities of the ambu-
latory practitioner. In addition, ultrasonography gives real-
time images in a method that is anatomically intuitive and
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Figure 2-8 A, Transverse sonogram of left thorax using an 8- to
5-MHz convex linear probe in a 6-year-old Suffolk ewe with
a pleural abscess. The right side of the sonogram is ventral.
B, Schematic representation of sonogram.

can be a means to acquire a diagnosis using fine-needle aspi-
rates or biopsies.

NUCLEAR MEDICINE, CT, AND MRI

Other imaging modalities infrequently used in farm animal
practice include nuclear medicine, CT, and MRI. Nuclear
medicine is not recommended in farm animals in the United
States. The United States Nuclear Regulatory Committee
states that no radiopharmaceuticals are approved for use in
animals intended for the human food supply. However, the
use of technetium methylene diphosphonate for bone scin-
tigraphy can be useful for diagnosing lameness or other skel-
etal abnormalities (Figure 2-9). Use of radiopharmaceuticals
is off-label in the food animal; therefore consultation with
the Food and Drug Administration is recommended if the
procedure is attempted. CT and MRI have been used in a
very limited fashion in farm animals. Unless targeting a calf,
sheep, goat, or pig, the size of the animal (i.e., adult bovine)
limits evaluations to the head (including brain and sinuses)
and distal extremities (Figure 2-10). CT has also been used
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Figure 2-9 Left-lateral bone scintigraphy of the head in
a 1-year-old Holstein cow with cervical pain. Technetium
methylene diphosphonate—110 mCi—was administered intra-
venously, and images were acquired 2 hours after injection. No
abnormality is detected. Note the high activity detected in the
petrous temporal bone. This is considered a normal finding
because of superimposition of dense bone; therefore a large
amount of activity is present in that area.

Figure 2-10 Transverse CT of the left thoracic limb in a
3-year-old bull with left-thoracic-limb lameness. In the distal
metaphysis of the left third metatarsal bone, there is a focal area
of bone lysis (arrows). The bull was euthanized, and the nec-
ropsy disclosed a bone abscess at this site.

as an anatomic guide in calves, but there are limited reports
and uses in farm animals due to the cost of the animals. The
requirement for general anesthesia and specialized equip-
ment make these modalities unlikely to become universally
used or recommended for the farm animal.
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PREOPERATIVE PREPARATION ]

Ava M. Trent

EVALUATION OF THE PATIENT

All animals that are surgical candidates should have a com-
plete physical examination, including auscultation of the
heart and lungs and an assessment of the surgical problem.
For simple elective surgical procedures in young healthy
animals, preoperative laboratory work is probably not neces-
sary. Laboratory screening is of value for animals that
undergo general anesthesia, those with a more complicated
disorder, and animals with significant potential hemody-
namic complications associated with surgery (such as blood
loss). Packed cell volume and total protein are screening tests
easily performed that may influence preanesthesia prepara-
tion and intraoperative response to blood loss. For cattle with
complicated gastrointestinal disturbances, such as an aboma-
sal volvulus, plasma electrolyte concentrations help deter-
mine appropriate replacement fluid therapy (see Chapter 4).
A complete blood count would help identify animals affected
with serious infectious processes and may influence prepara-
tion and the timing of surgery. If other systemic concerns
about a farm animal exist, such as fatty-liver syndrome in a
cow, specific tests such as a serum y-glutamyl-transferase can
be run, or if finances permit, a large-animal biochemical
panel may be more appropriate.

Cattle that undergo elective surgical procedures under
general anesthesia in lateral or dorsal recumbency should be
fasted 24 to 48 hours before surgery to decrease the ruminal
content, ruminal distention, and risk of aspiration pneumo-
nia. Furthermore, in ruminants subjected to general anes-
thesia, fasting is essential to improve venous return and
ventilatory capacity (see Chapter 5).

DECISION MAKING

The cost of surgery and perioperative care for farm animals
usually requires that it make economic sense. This financial
reality dictates good judgment in selecting preoperative
preparation. If the surgical procedure is beyond the capabili-
ties of the clinician or the available facilities, a referral should
be considered. If this is impractical because of time, dis-
tance, or financial constraints, and if the client understands
the risk, it may be appropriate to attempt an unfamiliar
procedure. Much can be gained through familiarity with the
anatomy and through envisioning the operation step by step
so that appropriate plans can be made. With farm animals,
withdrawal times for meat and milk must be taken into
consideration in the choice of pharmaceuticals.

With experience, clinicians develop a sense about which
animals require intervention and what the likely outcomes
will be. This experience dictates recommendations to own-
ers, choice of surgical approach, and procedures to be

performed. However, one is inevitably humbled by finding
the unexpected or a cow with a different disease than an-
ticipated. If a problem arises or something does not work
correctly during surgery, changing an aspect of the proce-
dure (such as extending the incision, trying a different ap-
proach, performing an enterotomy, or asking for help from
someone more experienced) rather than struggling for a long
period of time is ultimately best for that patient and the
practitioner.

PATIENT POSITIONING

Determining the appropriate incision site is half the battle
in gastrointestinal surgery in dairy cattle. Fortunately, the
placid nature of the dairy cow permits many procedures to
be done on a standing animal using a local anesthetic. For a
more fractious animal, it may be possible to use small
amounts of sedation, but this should be used with caution
because it increases the risk that the animal will become
recumbent. Lateral recumbency can be used for flank and
inguinal approaches. Dorsal recumbency may be used for
teat surgery, access to the cranial abdomen, and cesarean
sections. Padding of bony prominences is indicated in recum-
bent procedures. For animals placed in left-lateral recum-
bency, placing an inner tube or other pads under the shoulder
and hip of a cow has been suggested as useful in making a
so-called sling for the rumen (Figure 3-1). Rarely have we
had to place animals in sternal recumbency, either for nasal
or cervical surgery (Figure 3-2). Other acceptable padding
includes air mattresses, water beds, foam pads, and inflatable
surgery tables (Snell tables').

PREPARATION OF THE SURGERY SITE

Once the decision is made for the surgical approach, dirt and
manure should be removed. Hair should be clipped and a
generous area left free of hair and debris. Some advocate
shaving the actual site of the skin incision, but this may
increase chances of infection if the skin is inadvertently
nicked. As a rule of thumb, a 25-cm hairless margin around
the surgical site is recommended.

In thick-skinned animals, an initial prep with a clean,
stiff brush may be helpful. This should be followed by re-
peated scrubs with a disinfectant solution. Scrub solutions
typically contain povidone (polyvinylpyrrolidone)-iodine,
4% chlorhexidine gluconate, or 2% chlorhexidine diacetate.
Povidone-iodine and chlorhexidine products have a broad
antimicrobial spectrum, including most bacteria, some fun-
gi, and many viruses. Scrub solutions can be rinsed with
water, saline, or 70% isopropyl alcohol. For long procedures
(longer than 90 minutes), povidone-iodine with an alcohol
rinse or chlorhexidine with a water or saline rinse is

'Snell Veterinary Systems, Sherborne, Dorset DT9 4LJ, United
Kingdom, http://www.snell2000.com/vet/index.htm.
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Figure 3-1 Cow in lateral recumbency under
general anesthesia. Placing appropriate pads
under the cow’s shoulder and hip creates a
cavity to support the distended rumen. (Repro-
duced with permission from Smith DF: Bovine
intestinal surgery: Part 1, Mod Vet Pract 65: 853~
857, 1984, p 854, Figure 1).

Figure 3-2 Cow in sternal recumbency under
general anesthesia.

recommended. To aseptically prepare a skin incision, the
planned incision site should be cleaned and followed by a
circular motion moving from the center to the periphery.
This should be repeated at least three times. Depending on
the gross contamination of the skin, more cleansing may be
indicated; the gauze should be checked for cleanliness at the
completion of the scrub. Some clinicians don a sterile glove
and use sterile gauze for the final preparation. The incision
site should be draped if at all possible. Impervious drapes
can be placed over cloth or paper drapes to help keep the
incision dry and free of infection. If the surgery becomes
contaminated (e.g., if an enterotomy is performed), the area
should be isolated with drapes or towels, and the surgeons
should reglove after the procedure.

PREPARATION OF THE SURGEON

In a hospital setting, clean, comfortable cotton or cotton-
blend clothing with use restricted to the operating room is
ideal and helps reduce the number of environmental con-
taminants. Some type of clean head covering that confines
hair has also been shown to reduce the incidence of surgical
infections. Caps, hoods, and bouffant-style coverings are
some options. Facial coverings other than masks protect the

wound from droplets of saliva and nasal exudates but
are not effective bacterial filters. When properly fitted,
facemasks direct airflow away from the surgical wound,
which—theoretically—should cut down on wound infec-
tion. Studies have not supported this finding, but masks are
still recommended. Shoe covers are fairly impractical in most
farm animal surgery, although waterproof shoes add to the
surgeon’s comfort.

Surgical gowns are used for most lengthy procedures in a
hospital environment. Lint-free gowns that are impervious
to water and bacteria are most effective. Reusable gowns
made of muslin or, more recently, of 270-count pima cotton
are somewhat resistant to water but not bacteria. Gowns
treated with Quarpel, a fluorochemical finish, combined
with phenazopyridine hydrochloride or melamine hydro-
phobe, have a better barrier to water and bacteria and a pore
size reduced to 10 um. Gore-Tex fabric makes an even more
durable bacteria-resistant gown.

Disposable gowns are made from olefin, which is regener-
ated cellulose, a petroleum byproduct. Some gowns have
extra layers of water-repellent material in the sleeves to
prevent constant dampness and subsequent capillary migra-
tion of skin flora, which lead to increased bacterial counts of
surgical wounds. Advantages of disposable products are ease
of handling and storage and reduced bacterial contamination



in the surgical environment compared with nondisposables.
However, purchasing and disposing of disposable items are
more expensive. Nondisposable gowns are more comfortable
and less expensive but do need to be laundered and replaced
on a regular basis.

Gloves should be worn for all surgical procedures. This
helps avoid contamination from the residual flora on the
surgeon’s hands. Gloves also protect the surgeon from any
allergens or contact dermatitis. Most gloves are made of latex
and come in a single-use package in a wide variety of sizes.
Hypoallergenic vinyl gloves are available for those with latex
sensitivity. Magnesium silicate powder is preapplied to most
gloves to make them easier to don; therefore gloves should
be rinsed before handling tissues. Gloves commonly develop
holes and should be checked often for defects. Double
gloving is used if extensive draping is required or contamina-
tion of the surgeon’s hands by sharp objects such as bony
fragments and orthopedic implants is likely. Gloves can be
applied with a closed- or open-gloving technique. Closed-
gloving techniques are preferred because the surgeon’s skin
will not make contact with the outside of the gown cuff. An
open gloving is recommended to replace a glove during a
procedure. Otherwise, the cuff of the gown that has been
exposed to skin and perspiration will be pulled over clean
hands. Cuffs of the surgeon’s gown should be covered com-
pletely by gloves because the cuff material is not impervious
to water penetration. Water often finds its way to the sur-
geon’s hands regardless of the material chosen; therefore
plastic safety sleeves and double gloving are often helpful
during procedures in which the surgeon’s hands and arms
may be submerged. Although a gown is sterile when first
applied, it should be remembered that only the front, above
the waist, is considered sterile during the procedure.

DRAPING THE SURGICAL FIELD

The purpose of drapes is to create and maintain a sterile field
around the operative site. In stationary, recuambent animals,
the surgical field is usually surrounded first by sterile towels
held in place with penetrating towel clamps. Large cloth or
disposable drapes are placed next. Impervious drapes are
ideal if a lot of fluid or blood is expected or exteriorization
of viscera is necessary.

If long enough, the tails of adult cows should be tied—
usually to one hind leg—for standing procedures. Large dis-
posable laparotomy cloths or disposable drapes are available.?
They may be fenestrated, or an appropriate-sized hole can
be made by the surgeon. They are usually used alone and
secured in place with penetrating towel clamps. Although
they are relatively expensive, they are a great help in allow-
ing the surgeon to focus on the procedure without worrying
about contamination from dirt, fecal material, or body fluids.

PREVENTION OF PERITONITIS AND
SURGICAL INFECTION

The surgeon must always be aware of the potential to
promote or prevent peritonitis or other infections of the
surgical site during surgery in the cow. It is often possible is
to reduce the risk of infection before contamination ever
occurs or to intervene between the time contaminants are
first introduced into the abdomen and the development of
infection.

http://www.vetsurgicalresources.com, Darling, MD 21034.
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Precontamination

The optimum time to intervene in the development of a
surgical infection is before a known or anticipated episode
of contamination. Careful planning of the procedure will
minimize the period of contamination, ensure adequate
restraint, and minimize the use of potential adjuvants to
reduce the risk of infection. Prophylactic antibiotics should
be considered in planning any clean-contaminated or con-
taminated procedure and clean procedures in patients with
identified risk factors. Common patient risk factors include
preexisting nonbacterial inflammatory peritonitis, malnutri-
tion, circulatory shock, and remote or systemic infection. In
the latter case, elective procedures should be delayed until
the preexisting infection can be treated and resolved. Similar
steps should be considered when facilities, the animal’s
behavior, or its condition increase the risk of contamination.
Field conditions often involve less than optimal restraint
facilities, fractious animals, limited control of external
sources of contamination, and conditions that might predis-
pose to unexpected recumbency during standing procedures
(hypocalcemia, exhaustion, extreme peritoneal tension), all
of which increase morbidity.

Antibiotics should be administered just far enough before
surgery to maintain high serum levels throughout the period
of contamination. Intravenous (IV) administration of a
single dose 15 minutes before surgery or intramuscular (IM)
administration 60 minutes before surgery achieves this goal
for most antibiotics. Parenteral, subcutaneous (SQ), and
intraperitoneal routes are not recommended for prophylaxis
because the time to peak levels is longer and less predictable
and because peak levels are lower in comparison to IV and
IM routes of administration. If intraoperative sample collec-
tion for culture is planned, some prophylactic effect can still
be obtained by intravenously administering an appropriate
antibiotic immediately after sample collection.

Prophylactic antibiotics should be selected with as spe-
cific a spectrum as possible, based on probable contaminants.
This can be based on knowledge of common contaminants
from planned surgical sites (e.g., anaerobes for rumenotomy),
culture results from potential sites of leakage or preexisting
infection (e.g., culture results from an umbilical abscess),
or predicting other common infectious agents. The ability
of antibiotics to penetrate fibrin or function in the presence
of necrotic debris or altered pH should not be a major
concern in antibiotic selection during the precontamination
or contamination stages. Antibiotic options are provided in
Appendix 1.

Contamination

Preventive measures are similar to those described for the
precontamination stage, with a few additions. Prophylactic
antibiotics can still be of some benefit, but they should be
given intravenously to achieve high serum and tissue levels
as soon as possible. If a source of contamination first develops
intraoperatively, rapid steps to minimize the amount and
distribution of contamination are indicated. For example, in
gastrointestinal surgery, gross contamination should be local-
ized whenever possible by exteriorizing the site of leakage
or isolating it with laparotomy sponges, physically removing
all accessible contaminants, and avoiding palpation unless
absolutely necessary so that contaminants are not physically
transported from the site of leakage to other sites in the
abdomen. If the site can be adequately exteriorized to allow
external drainage, localized lavage with a sterile isotonic
fluid can help remove contaminants. However, generalized
lavage is more likely to distribute high concentrations of
organisms to potentially clean areas and is only recom-
mended if the site cannot be exteriorized or dissemination
has already occurred. Adding antibiotics to the lavage fluid
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Figure 3-3 Floating tank.

may be indicated even if appropriate systemic antibiotics
have been administered.

Other important considerations in the aftercare of the
surgical farm animal are supplying adequate hydration (see
Chapter 4), keeping neonates warm, and providing adequate
nutrition and oral electrolytes.

Down cattle need excellent footing that keeps them from
slipping. They need to be supported by having food and
water where they can be reached. Good padding in a heavily
bedded stall or on soft dirt is ideal. If cattle remain down for
prolonged periods of time it may be necessary to try to get
them up with well-padded hip lifts. Alternatively, cattle can
be “floated” in a commercial tub (“Aqua cow”?) (Figure 3-3).
“Floated” in this instance means placing the cow in the
apparatus—which can require considerable manpower—and
then filling the chamber with water to create what is essen-
tial a wading pool to support the bulk of the cow’s weight.
This apparatus requires a fair amount of time, patience, and
manpower. Regardless, it has been successful in the right
hands for recumbent cows that are amenable to therapy.
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SURGICAL CONSIDERATIONS

PERIOPERATIVE ANTIMICROBIALS
AND ANALGESICS

Thomas Divers and Emily Barrell

The extralabel use of antimicrobials and analgesics is regu-
lated under the Animal Medicinal Drug Use and Clarifica-
tion Act of 1994 (AMDUCA) by the FDA Center for

Veterinary Medicine. Penicillin and/or ceftiofur are the most

3Vet. Surgical Resources, Inc., PO Box 368, Darlington, MD 21034,
USA, http://www.vetsurgicalresources.com.

commonly used perioperative antibiotics for cattle that un-
dergo surgery without enterotomy. Each drug has its advan-
tages and disadvantages: penicillin is more effective than
ceftiofur against Trueperella pyogenes and other bovine an-
aerobic pathogens. It should be used (alone or in combination
with another compatible bacteriocidal drug) when surgery is
done on anatomic locations that normally harbor anaerobic
organisms (e.g., mouth, gastrointestinal tract, reproductive
tract). Unfortunately, penicillin is not very effective against
most gram-negative organisms, and the duration of with-
drawal time for milk or meat is a disadvantage. As an ex-
ample, in lactating dairy cattle at an extralabel dosage of
24,000 U/kg IM (10,900 U/1b, a 45-mL dose for a 1250-1b
animal), the suggested withdrawal time for milk is 5 days
and for meat is 12 days, whereas for the generally clinically
ineffective label dose of 6600 U/kg (3000 U/Ib), the respec-
tive withdrawal times are 2 and 10 days. It should be noted
that when penicillin is given SQ, at larger doses, or in vol-
umes of more than 10 mL per injection site, withdrawal
times may be markedly prolonged. Ceftiofur sodium (Nax-
cel), when used in dairy cattle at the label dosage, has the
advantage of no withdrawal time for milk and only a 4-day
meat withhold. Ceftiofur hydrochloride (Excenel) has only
a 3-day meat withdrawal and no milk withdrawal time.

If an enterotomy is performed, broad-spectrum coverage
may be required. A therapy that combines penicillin (at two
to three times label dosage) and ceftiofur is often used. In a
hospital setting, IV penicillin salts (22,000 U/kg) are some-
times substituted for procaine penicillin to achieve higher
tissue concentrations, but more frequent administration
(every 6 hours) is required. Although the water-soluble form
of ceftiofur used IV achieves high plasma and tissue levels
of the parent drug, in the United States it is now illegal to
use cephalosporin-class antibiotics in major species (cattle,
swine, and poultry) at an extralabel dose, treatment dura-
tion, frequency, or administration route. Thus, ceftiofur use
in the above case would be limited to the SQ or IM route.
The SQ administration route has the advantage of preserving
beef quality because less muscle irritation occurs compared
with that associated with an IM injection. Another option is
oxytetracycline, a broad-spectrum antibiotic that is mod-
erately effective against gram-positive and gram-negative
aerobic and anaerobic organisms. It is occasionally used at an
extralabel frequency (every 12 hours) to maintain higher
tissue levels. Tetracycline is more lipid-soluble than either
penicillin or ceftiofur; therefore higher tissue concentrations
would be expected. Tetracycline disadvantages are its bacte-
riostatic activity and potential for causing renal failure when
administered at high daily dosages and/or to dehydrated
animals. At present, only aqueous solutions of oxytetracy-
cline with concentrations of 200 mg/mL (Liquamycin
LA-200, Maxim 200, Bio-Mycin 200, etc.) are labeled
for use in lactating dairy cattle. Used at the label dose
(6.6 to 11 mg/kg [3-5 mg/1b] IV, SQ, or IM every 24 hours),
the drug has a 28-day meat withdrawal and 4-day milk
withdrawal.

All perioperative antibiotics should be administered only
1 to 2 hours before surgery so that the highest concentration
of drugs is present when tissue is being incised and handled
and when clots/fibrin are forming. If the surgery is uncom-
plicated (e.g., a routine laparotomy), many surgeons do not
use antibiotics. If antibiotics are used, it is imprudent to use
them for a shorter duration than the label recommendation.
Most cattle antibiotics are labeled for 3 days’ minimum
use. More complicated surgeries (e.g., enterotomy, internal
fixation) require continuous treatment for at least 5 days.
If infection is discovered at the time of or after surgery,
treatment should be continued for longer periods. When
bacterial infection is suspected before surgery, the decision
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to withhold preoperative antibiotics until a culture sample
can be obtained should be based upon the location and
predicted benefit of culturing the infected site. For most
abdominal surgeries with preexisting infection (e.g., reticu-
lar or umbilical abscess), preoperative antibiotics are rec-
ommended because offending organisms are predictable,
cultures are generally not taken, and some risk of spreading
the infection at the time of surgery exists. Conversely, anti-
biotics are generally withheld for orthopedic surgery that
involves presumably infected bone until a culture sample can
be obtained. If an offending organism’s sensitivity is known
from samples obtained before surgery, antimicrobial selec-
tion should be based upon the organism’s sensitivity, pre-
dicted drug(s) tissue levels, confidence in drug safety and
cost, and FDA approval of extralabel use.

Florfenicol (nonlactating cows), enrofloxacin (beef cattle
with respiratory disease only), and tetracyclines are occasion-
ally used as perioperative antibiotics. Aminoglycosides com-
bined with penicillin, ampicillin, or ticarcillin/clavulanate
are rarely used in calves, and then only with strict adherence
to extralabel use. Antibiotics prohibited under all circum-
stances in food animals and more information are available
from http://www.nationaldairyfarm.com.

PERIOPERATIVE ANALGESICS

Perioperative analgesics and antiinflammatories are indicated
in most surgical procedures to temper the initial inflamma-
tory response and decrease swelling and to improve the ap-
petite and general well-being of the patient. In cattle with
routine, relatively nontraumatic surgery (e.g., omentopexy),
perioperative analgesics commonly are not used simply be-
cause of cost and loss of product value as a result of milk
withholding. This is particularly true if lactating cattle are
being treated perioperatively with ceftiofur, which has no
milk withholding time. The most commonly used antiin-
flammatory drug is flunixin meglumine. Flunixin is a
cyclooxygenase inhibitor that provides excellent analgesia,
including visceral analgesia, and is the only FDA-approved
nonsteroidal antiinflammatory (pyrexia, endotoxemia, in-
flammation) drug for cattle. It may be indicated during the
time of routine (one or more dosages) bovine surgery and in
the immediate postoperative period when withholding times
for milk and meat are not a major issue. When used only
perioperatively at the label dosage (1.1 to 2.2 mg/kg IV), it
incurs 4 days of meat withholding and 36 hours of milk
withholding. At present, there are no drugs specifically ap-
proved for analgesia in any livestock species.

Phenylbutazone and aspirin are other antiinflammatory
analgesics that historically have been used in food animals.
Phenylbutazone is known to induce blood dyscrasias in
humans and is therefore illegal for use in female dairy cattle
20 months of age or older. However, given the potential
adverse reactions in human consumers, the Food Animal
Residue Avoidance Databank (FARAD) strongly discourages
phenylbutazone use in any food animal, and a veterinarian
would need to provide justification as to why flunixin meglu-
mine was not effective in the animal being treated to legally
use the drug. FARAD further discourages aspirin use in food
animals for the following reasons: 1) there is no FDA approval
for use in food animals; 2) flunixin is an available alternative;
and 3) it has questionable efficacy (administered orally, the
drug reaches baseline serum concentrations in 12 to 24
hours).

Additional analgesics that may be used are lidocaine,
alpha agonists, and butorphanol. Lidocaine is mostly used
either for epidural administration to provide analgesia to the
pelvic area during and after perineal or rectal surgery or as
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IV anesthesia (with a tourniquet) during surgery on a distal
limb (15 to 30 mL lidocaine). Lidocaine is most commonly
used as a local analgesic for cutting skin to prevent an animal
from becoming fractious.

Xylazine epidurals (0.05 mg/kg) or medetomidine 5 to
15 pg/kg may provide slightly better analgesic effects than
lidocaine. Xylazine 0.03 mg/kg can be combined with lido-
caine (0.2 mg/kg) for both fast-acting and long-lasting (4 to
5 hours) analgesia. Butorphanol may also be used IM or IV
(0.1 mg/kg) for severe pain that cannot be adequately dimin-
ished with nonsteroidal antiinflammatory drug (NSAID)
therapy. For information regarding the use of nonapproved
antibiotics and analgesics, the reader is encouraged to consult
FARAD at www.farad.org.
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FACILITIES AND RESTRAINING
DEVICES

Richard Wheeler

INTRODUCTION

When working with livestock, there are inherent safety risks
to both the animal and handler. Bovines by their sheer size
are a threat to humans. Both fear and aggression on the part
of the animal can increase this danger. Bulls should always
be considered dangerous and unpredictable. Dairy bulls,
because of their extensive human contact, lack a natural fear
of humans and may display increased aggression. Beef bulls
generally react out of fear toward humans.

Cows do not guarantee safety either. The protective,
maternal instinct of a cow with a calf makes her significantly
more dangerous than a single cow. Because beef cows usually
are not intensively handled, they are more dangerous than
dairy cows. It has been suggested that the position of the
hair whorl between a cow’s eyes correlates with the degree
of agitation the cow will demonstrate under restraint.
Animals with whorls located high on the forehead, above the
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level of the eyes, were found to be more aggressive under
restraint (high whorls, hot-headed) (Grandin, 1995) than
cows with lower whorls.

Although small ruminants (sheep, goats, and calves) can
inflict injury to their handlers, they are more likely to injure
themselves when struggling against restraining devices or
overly aggressive handlers. Sheep and goats have a strong
herd instinct and become stressed when separated from
herdmates. Stress adversely affects wound healing and
general health, growth, and production. In pigs, stress has
been associated with sudden death.

ANIMAL BEHAVIOR

Consideration of the animals’ natural instincts enables a
handler to humanely and safely move and restrain livestock.
Large and small ruminant livestock are prey animals whose
primary defense mechanism is sight and flight. They have
evolved wide-set eyes that afford them extensive peripheral
vision in surveillance of predators. With an angle of vision
approaching 300 degrees, their only blind spot is directly
behind them. To avoid startling an animal when approaching
it, the handler should remain within its line of sight. Star-
tling an animal can elicit struggling, provoke the animal to
kick, or incite a stampede.

Panoramic vision provides prey animals a wide angle of
vision but sacrifices depth perception. This is why cattle
commonly balk at shadows, are reluctant to step across dif-
ferent colored floors, and closely inspect objects in their
paths. Handlers should be patient. They should allow the
animal to assess the danger of a situation or novel object
before forcing it to enter a foreign environment or head gate.

Animals naturally maintain a safe distance between
themselves and potential predators. This distance is the
flight zone. If the flight zone is invaded, the animal will move
away from the invader to reestablish an adequate safe dis-
tance. In relation to people, this distance is influenced by the
amount of contact the animal has had with humans. Dairy
cattle, which are handled daily, may have practically no flight
zone and can be readily approached. Alternatively, beef
cattle often have greater fear because of limited human
contact and may require several meters of space. Sheep and
goats commonly move as a herd, and the comfort level of the
first animal establishes the flight zone for the herd.

KNOTS

Ropes are invaluable assets in animal restraint. However, a
rope is only as good as the knot that is tied. There is a unique
knot, with a particular advantage, for practically any situa-
tion imaginable. At the very least, every animal handler
should be proficient with the three knots covered in the fol-
lowing discussion.

Square Knot

The square knot joins two rope ends. Joining the ends of a
single rope forms a loop that allows the rope to be tied to a
fixed object. Alternatively, the ends of two separate ropes
can be joined to form one long rope. Once tightened, a
properly tied square knot will not slip under tension. A
common error is to tie a granny knot that slips when tension
is applied (Figure 3-4).

Quick-Release Slip Knot

The quick-release slip knot and its modifications (see the Tail
Ties section) secure a rope in a way that allows it to be easily
untied at the end of a procedure or in case emergency release

Square knot

Figure 3-4 Square knot. (Adapted from Leahy JR, Barrow P:
Restraint of animals, ed 2, Ithaca, NY, 1953, self-published.)

Figure 3-5 Quick-release knot. (Adapted from Leahy JR,
Barrow P: Restraint of animals, ed 2, Ithaca, NY 1953,
self-published.)

is required. Most commonly, the free end of a halter will be
tied to a post to restrain an animal’s head. When properly
tied, the bow end of the knot is entirely surrounded by rope;
if the bow lies against the object to which it is tied, it is not
secure and will loosen as the animal struggles. Because it is
a slipknot, there will always be a little play in the rope as it
slips down to its anchor; tying the knot as close to the anchor
as possible is important (Figure 3-5).

Bowline Knot

The bowline knot creates a permanent loop that will not
tighten. It is useful to place around an animal’s body, neck,
or limb because it will not cinch down and compromise
respiration or circulation (Figure 3-6).

RESTRAINT OF CATTLE
Moving Cattle

One should take advantage of ruminants’ flight instinct when
moving a single animal or a herd. The spatial relationship
between the handler and the animal’s body dictates the
direction the animal will move when approached. The ani-
mal’s shoulder is the point of balance. If approached caudal
to the shoulder, the animal will move forward; if approached
cranial to the shoulder, the animal will generally move
backward.

The flight zone should be entered slowly, steadily, and
silently so the animal is not spooked. The rate at which the
animal moves depends on how deeply and rapidly the flight




Figure 3-6 Bowline knot. (Adapted from Leahy JR, Barrow P:
Restraint of animals, ed 2, Ithaca, NY 1953, self-published.)

zone is penetrated. If an animal gets too anxious or moves
too quickly, the handler should back away and allow the
animal to relax. Excited cattle are more difficult to control
and are more likely to be injured or injure a person. Cattle
should be moved no faster than a walk. An animal can
also be transported in portable stocks (Figure 3-7). These
are also convenient for restraint during standing surgical
procedures.

Getting a Cow to Stand

Most recumbent animals will stand as the handler enters the
flight zone. However, dairy cows are so intensively managed
they may require physical contact to incite them to rise.
Before a recumbent animal is prompted to stand, the handler
should evaluate the animal to ascertain it is physically
capable of standing. A gentle nudge on the caudal thigh with
the inside of one’s foot is often sufficient to encourage an
animal to stand. If more substantial prompting is necessary,
one may use a pen, key, or other blunt object to tap on the
animal’s spine or caudal thigh. If the animal remains recum-
bent, the operator should stand at the animal’s back, buckle
his or her knees into the animal’s ribs, and simultaneously
slap the animal’s chest on the contralateral side. If the animal
still won’t stand, and efforts have been made to ensure that
the animal is physically able to stand, then an electric cattle
prod may be used as a last resort. Occasionally the animal
can be intimidated to stand without being shocked. The
humming noise made by activating the prod or touching the
uncharged nodes of the prod to the animal may prompt it to
rise.

For weak cattle it may be helpful to use hip lifters (Figures
3-8 and 3-9). These should be applied tightly to the tuber
coxae and then attached to a hoist. Once the cow stands the
hip lifters should be removed immediately because they can
cause pressure necrosis and they can be dangerous if the cow
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Figure 3-7 Portable stocks.

Figure 3-8 Hip lifters.

swings toward a person. If an animal is unable to stand at
all, it can be floated in a water tank (see Figure 3-3). It can
be quite labor intensive to get the cow into the tank and keep
her floating with the head above water, but the results can
be very favorable.

Moving Animals by Halter

A halter-broken cow may follow the handler when the lead
is pulled. However, an animal unfamiliar with haltering will
resist being pulled. Often the animal will move forward
more willingly if the handler steps to the animal’s side,
caudal to the shoulder and behind the point of balance, while
maintaining control of the lead. The animal’s natural ten-
dency is to move forward. The drawback is that the handler’s
position is deep in the animal’s flight zone; therefore the



36 PART I e General Considerations to All Species

Figure 3-9 Hip clamps applied on each tuber coxae.

animal may charge forward because it perceives no hindrance
in its forward flight path. To maintain control, the handler
must keep the lead rope short and pull the animal’s head
caudally toward its shoulder, impeding the animal’s ability
to proceed forward. If the animal gets out of control, the
rope should be released. Safety should not be compromised
in an attempt to halt a stampeding animal.

If an animal is reluctant to proceed, the handler should
make sure advancement is not impeded and no one is stand-
ing in the animal’s path or line of vision. When encourage-
ment is required, the handler should again start with the
least noxious prodding necessary to stimulate the animal to
move forward—a slap on the rump or a prod along the back-
bone with a blunt object. Although the discomfort from a
tail twist is often effective, there is a risk of breaking coc-
cygeal vertebrae. The electric prod should be used only as a
last resort. Shouting increases confusion, stress levels, and
impatience and should be avoided.

Moving Animals through Chutes

Using flight zones works well to move a single animal or
group of animals through a chute. The handler walks along-
side the chute in the opposite direction the cattle should
move. Because the flight zone is deeply penetrated, the
animals will move forward as the handler passes their points
of balance. As the line of animals begins to move, the handler
walks outside the flight zone back to the lead animal and
penetrates the zone again to walk alongside the animals.
Repeating this pattern causes the cow or group of cows to
keep moving forward.

When moving cattle, the handler should eliminate as
many distractions as possible. Chutes should be constructed
without corners to facilitate uninterrupted forward move-
ment. Cows are leery of abrupt turns. The chute should
terminate in a well-lit space as animals are reluctant to enter
dark spaces. Solid-sided chutes limit the animals’ distrac-
tion, so they will move forward more readily. People should
stay out of sight as much as possible. Objects that could
distract or frighten the animals should not be left in or on
the chutes.

Head Restraint
Halters

Properly used, halters provide excellent control of an ani-
mal’s head. The halter should be placed with the nosepiece

over the top of the animal’s nose halfway between the eyes
and nostrils to prevent airway obstruction or trauma to the
eyes. The lead rope should run below the jaw. Putting the
halter on upside down with the lead rope running behind
the ears or over the nose is a common mistake. An improp-
erly fitted halter severely compromises control of the ani-
mal’s head and is prone to slip off.

Nose Tongs

A nose tong is a pincer-type device with blunt bulbous ends
that are inserted into each nostril to apply pressure to the
nasal septum. The discomfort deters movement. Nose tongs
should only be used in conjunction with another form of
head restraint such as a halter or head gate. Tension must be
maintained on the nose tongs, but they should never be tied
to a fixed object. If nose tongs are not available, the nasal
septum can be grasped between the thumb and middle
finger.

A nose ring is a variation of the nose tong that is perma-
nently inserted through the nasal septum in bulls. Again, a
halter should always be use in addition to the bull’s nose ring
to prevent excessive pressure from tearing the cartilage of
the nasal septum.

Head Gates

Head gates are a necessity in working with large animals.
Even the smallest cattle operation should be equipped with
some type of head gate to provide ease in handling, restraint,
and safety. The manufacture and design of head gates can
range from homemade vertical wooden plank devices, dairy
stanchions, and self-locking feeders to custom-made catches
and devices. Head gates constructed with convex curved bars
reduce vertical head and neck movement but may increase
asphyxiation potential from a blocked trachea or the carotid
arteries if the animal lies down or is oversedated. Straight
bars are less likely to result in asphyxiation, but they do not
restrict vertical head movement.

Single-file chutes provide ease in directing an animal into
the head gate and restrict sideways movement of the animal.
Squeeze chutes are commercially manufactured with the
added advantage of having compressible side walls that apply
pressure against the animal, providing greater control, creat-
ing a calming effect, and supporting the animal if it attempts
to lie down. Chutes are an invaluable asset for controlling
livestock, but they do limit access to the animal as well as
create a potential for operator injuries between the animal
and chute. Also, spring-loaded levers and moving parts can
cause severe injury to handlers.

Kicking

A major consideration for personal safety is the animal’s
ability to kick. Cows are very deft kickers and are notorious
for kicking to the side—“cow kicking.” They also kick
forward surprisingly well and can extend the leg as far
cranial and dorsal as the shoulder. Cows are also very pro-
ficient at kicking straight backward. They may even “mule
kick” with both hind feet at the same time. The safest place
to stand when working at the hind end of a cow is imme-
diately adjacent to the animal’s body, so that the cow pushes
the handler away rather than delivering a harmful blow
with the snap of the kick. When working cranial to the
hind legs, the operator should stay out of reach of a forward
kick by standing level with the animal’s shoulder at arm’s
length.

Hobbles

Hobbles may be used to tie the hind feet together to deter
cattle from kicking. Commercial hobbles are available, but
effective restraints can easily be fashioned out of rope.



Flanking

A manual method to deter an animal from kicking is called
“flanking.” The fold of skin in the flank is lifted, and the
handler’s thigh is placed against the animal’s stifle. This
provides mechanical resistance that interferes with the ani-
mal’s ability to kick. A commercially available device working
under the same premise lifts the flank and attaches over the
animal’s back beneath the transverse lumbar vertebral pro-
cesses. A flank rope can also deter kicking; it is placed around
the cow’s midsection cranial to the udder and cinched up
cranial to the tuber coxae (hooks).

Tailing

Tailing discourages kicking by causing discomfort and dis-
tracting the animal’s attention. To tail an animal, the tail’s
base is grasped and lifted directly over the animal’s back.
Care should be taken with this technique, because coccygeal
vertebrae may fracture if too much force is exerted.

Tail Ties

A swishing tail may contaminate a previously cleaned site,
catch the handler in the eye, or otherwise be an annoyance.
Tying the animal’s tail out of the way is imperative for many
surgical techniques as well as handler safety when he or she
works near the back of the animal.

A secure tail tie can be made using baling twine, rolled
gauze, bandaging tape, or a light rope. One end of the rope
is placed over the animal’s tail below the last coccygeal ver-
tebra. The switch (long hair at the end of the tail) is folded
over the rope. The short end of the rope is run completely
around the tail, made into a bow, and tucked underneath the
loop that encircles the tail. This modified quick-release knot
is tightened by pulling on the long end of the rope, which is
then tied to a leg or around the neck. The tail should not be
tied to a fixed object in case the animal escapes or falls
down.

A proper tail tie will not loosen as the tail moves. Incor-
porating the switch into the tie prevents the rope from
sliding off the end of the tail. If the tail has been docked or
the switch cut short, the tail tie must be modified. A modi-
fied quick-release knot is tied at the tail’s base with two
or three half-hitches made distally, creating, in effect, a
“Chinese finger trap” that prevents the rope from slipping
off the bobbed tail. The free end of the rope is secured to
the leg or neck as previously described.

Alternatively, the tail can be securely taped dorsal to the
hock on the leg contralateral to the planned procedure. Care
must be taken not to restrict blood flow to the distal tail.

Surgical Position

Surgical Tables

Surgical or tilt tables are convenient and effective for posi-
tioning animals for surgery or other procedures that require
maximal restraint. Numerous variations are available, but
commonly belly bands or squeeze panels and leg wraps are
used to secure the animal to the table. The table is then
mechanically or hydraulically tilted until the animal is in
lateral or dorsal recumbency. Tilt tables are convenient and
offer excellent restraint but may be financially unfeasible
unless a large number of surgeries are done to compensate
for the expense.

Casting

An animal may very effectively be maintained in lateral or
dorsal recumbency by casting and rope restraint if no surgery
table is available. The major disadvantage is that surgical
procedures must be done at or near ground level, which
may be inconvenient, uncomfortable, and exhausting to the

CHAPTER 3 e Presurgical Considerations 37

Figure 3-10 Position of the rope for casting a cow. (From
Leahy JR, Barrow P: Restraint of animals, ed 2, Ithaca, NY
1953, self-published.)

surgeon, as well as making aseptic technique more difficult
to maintain.

Casting is a technique used to force an animal to lie down
(Figure 3-10). A loop of rope is placed around the animal’s
neck with a bowline knot or a quick-release Honda. Some
people prefer to run the loop over the neck and between the
front legs to prevent undue pressure on the trachea. Two
half-hitches are placed over the back so that the knots lie
against the animal’s spine when tightened. The first half-
hitch is behind the shoulder, and the second is in the flank,
cranial to the udder or caudal to the penis. With the head
secured, the rope is pulled with steady pressure until the
animal lies down. The rope is tied with a quick-release knot
cranial to the second half-hitch to maintain rope pressure
and keep the animal recumbent. The front and hind legs are
bound together with hobbles or ropes. The legs are extended
and tied to sturdy supports to secure the animal. Alterna-
tively, for a quick procedure, the hind legs can be tucked
under the second half-hitch. The animal can be balanced
against a wall, between bales of straw, or supported manually
if dorsal recumbency is required.

Foot Restraint
Hind Feet

Hind feet commonly are raised to treat infected or injured
hooves or claws, manage leg wounds, or increase exposure
to the udder and teats. The method described here is versa-
tile and practical (Figure 3-11). One end of a rope is secured
around the hind leg, dorsal to the hock, with a noose or
quick-release Honda. The free end of the rope is passed
through a beam hook suspended from the ceiling. Coming
from behind the cow, the rope is passed between the udder
and hock, around the lateral aspect of the hock, and back
through the beam hook. Pulling down on the free end of the
rope, the pulley system created will elevate the hind leg as
it bends at the stifle and hock. The free end of the rope is
fastened by tying a quick-release knot around the rope itself
close to the beam hook or by tying to the stanchion or
another fixed object.

Front Feet

Raising the front feet is physically more difficult than raising
the back feet. The forelimb of an amenable cow can be raised
manually. The handler’s shoulder is placed at the crux of the
cow’s elbow. The dewclaws are grasped with one hand and
the dorsum of the foot with the other. The handler applies
lateral pressure to the cow’s shoulder to displace its weight
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Figure 3-11 Position of a rope and beam hook used to lift a
hind foot. (Adapted from Leahy JR, Barrow P: Restraint of
animals, ed 2, Ithaca, NY 1953, self-published.)

Figure 3-12 Position of a rope used to lift a front foot. (From
Leahy JR, Barrow P: Restraint of animals, ed 2, Ithaca, NY
1953, self-published.)

onto the contralateral foot and simultaneously lifts the dew-
claws and hoof, thus forcing the leg to bend at the carpus.
Once flexed, the carpus and lower leg can be rested on a
straw bale while the foot work is done.

Alternatively, a rope technique can be used to elevate the
front feet. A rope is placed around the leg, dorsal to the
fetlock and passed over a ceiling beam hook. The foot is
raised and bent at the carpus. A second rope can be used to
pull the foot laterally away from the animal’s body to facili-
tate access to the foot. Both ropes should be secured with
quick-release knots for ease in untying.

A third option uses one rope tied above the fetlock, run
over the back of the animal, and secured (Figure 3-12).

RESTRAINT OF SMALL RUMINANTS

Moving Small Ruminants

When moving small ruminants (sheep, goats, or calves), the
handler should use the same approach as for moving cattle,
taking advantage of natural flight instincts and points of
balance. Sheep and goats are very flock oriented; thus, when-
ever possible, the animals should remain together. If a single
animal must be removed, it may be necessary to forcibly
move the animal. Pulling or pushing risks injury to the

animal. Undue force on the cervical vertebrae, strain on the
leg joints, or excessive wear on the hooves are potential
problems with forcing an animal to move. Carrying the
animal may be necessary. If the animal is too large or unruly
to carry, it should be loaded onto a cart or wagon. Prudent
use of sedation is advisable (see Chapter 5). Hand-raised
animals may be coerced with small amounts of sweet feed
or their favorite treats.

To catch an elusive small ruminant, one should first
attempt to move the herd or group of the animals into a
smaller catch pen. The desired animal can then be cornered
against a wall or fence. The animal is restrained by holding
it around the neck and behind the rump or by reaching across
its back and grasping the fold of skin in the flank. Horns serve
as a convenient handhold but should be used with caution
to avoid breaking them. Grabbing the wool is discouraged as
it can damage the fleece of a production animal and may
cause trauma to the integument. Restraining the animal by
a leg is also inadvisable because the ensuing struggle could
injure the animal or handler.

Head Restraint

As with cattle, control of the head is essential in controlling
the small ruminant. Ironically, horns, which evolved for
sexual prowess and defense, serve as a convenient handhold
for restraint. If the animal lacks horns, a halter is necessary.
For many procedures, including jugular venipuncture, oph-
thalmologic examination, or early dehorning, sufficient head
restraint can be maintained by straddling the animal’s neck.
The animal’s head should be turned caudally around the
handler’s leg and held between the handler’s elbow and
thigh.

Surgical Positioning

The appropriate use of chemical and rope restraint allows
small ruminants to be securely maintained in proper surgi-
cal position. With the exception of some approaches to the
head, few procedures are done with the animal standing.
Sheep are generally amenable to minor operations without
sedation or general anesthesia if appropriate local or regional
anesthesia is used. Sheep generally tolerate being restrained
on their rumps or in dorsal recumbency. To force a sheep
onto its rump, the handler stands alongside the animal with
one hand under its jaw and the other over its back. With
one swift movement, the sheep’s head is turned toward its
back, away from the handler, so that it faces its rump.
Simultaneously, the animal’s rump is pivoted around the
handler’s leg or lifted by the fold of skin in the flank. Once
the animal is sitting, it can be held in this position, propped
against the handler’s legs or reclining in a sheep cradle.
Alternatively, the animal can be lowered into lateral recum-
bency and held down along the length of its torso. Sheep
placed in dorsal recumbency are quite content to lie in a
V-shaped trough.

Unfortunately, calves and goats are not so willing to
be constrained. To place a goat or calf in lateral recum-
bency, the handler reaches over the animal’s back; one
hand grasps the intended dependent foreleg, and the other
hand grasps the fold of skin in the contralateral flank.
The flank is lifted while the front leg is pulled out from
underneath and the animal is lowered to the ground. If
sufficient assistance is available, animals can be adequately
held in lateral recumbency for minor procedures. To do
so, one person kneels along the dorsal aspect of the animal,
places a knee on the animal’s neck, and flexes and main-
tains upward control of the animal’s dependent front leg
while a second person extends the animal’s exposed back
leg and maintains pressure against the caudal thigh of the
dependent leg. (Often the second person is seated on the



ground directly behind the animal). Appropriate sedation
is recommended for procedures of longer duration or if
the animal is struggling excessively.

RESTRAINT OF SWINE

Moving Swine

Hand-raised animals may voluntarily follow a handler offer-
ing food treats. Otherwise, the pig may be driven from
behind to the intended destination. When driving unpredict-
able or aggressive animals, a portable, solid barrier (hard
plastic, slab of wood, or a door) is used to provide a safe
partition between the pig and handler (Figure 3-13).

When working with individual swine, the handler stands
at the animal’s shoulder. Aggressive or frightened animals
may attempt to bite. However, their bulk and short necks
make it impossible for them to turn their heads backward
without also turning their bodies, thus making the handler
safe if positioned by the shoulder.

Figure 3-13 A, Hard plastic partition used to move pigs.
B, Adult pig being “guided” safely using plastic partition.
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Head Restraint—Snare

A snare can be fashioned from a rope or wire noose. The
loop is passed over the upper jaw and behind the tusks.
When the snare is tightened, the pig will pull backward to
resist. A metal pipe threaded over the standing end of the
noose will provide additional control of the head and prevent
the animal from moving forward. The pig can be held in
place for minor procedures or as chemical restraint is
administered.

Surgical Positioning

Body Restraint

Pigs are very vocal and will loudly protest any kind of
restraint. Very small or well-socialized pigs may be managed
with body restraint. Suspending a neonate by its back legs
with its head downward sufficiently immobilizes it for early
castration, ear docking, and clipping needle teeth. For more
extensive procedures anesthesia is recommended.

Crates or Chutes

Sows, and occasionally boars, in intensively managed herds
are permanently housed in crates. Such confinement is often
very conducive to veterinary examination and certain surgi-
cal procedures. Animals housed at large need to be moved
into narrow chutes that restrict lateral movement and prevent
them from turning around to facilitate veterinary procedures
and examinations.

Barrier

Swine housed in pens individually, or in small groups, can
be pinned against the pen wall with a slab of wood. If the
animal is still be able to move forward or backward, addi-
tional assistance may be necessary to keep the animal
confined.
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DOWNER COWS: CASE MANAGEME
AND APPROPRIATE USE OF A

FLOATING TANK

André Desrochers and Gilles Fecteau

OCCURRENCE AND ETIOLOGY

Down cows have been a challenge for both veterinarians and
owners for many years considering the lack of resources avail-
able on a farm to make an accurate diagnosis and establish
optimal therapy. Recurrent hypocalcemia is still incrimi-
nated as the primary cause of downer cows but there are
many other reasons for persistent recumbency: trauma,
acute mastitis, lymphoma, and hypokalemia, among others.
Public concern for animal welfare has increased awareness
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of appropriate handling of nonambulatory cattle. In many
countries, down animals are not allowed to be transported
alive. Prompt and thorough examination is therefore essen-
tial to decide if the animal has a fatal condition, can be
treated conservatively, or would benefit from a floating tank.
Inadequate handling of downer cows will create further
damage and worsen the prognosis, which could have been
good otherwise.

DEFINITION OF A DOWNER COW

A downer cow is often defined as a cow unable to stand after
two consecutive treatments of hypocalcemia. It is a very
narrow definition, limited to one category, although it may
be the most common. The list of conditions possibly causing
an adult cow to become recumbent can be summarized in
a few broad categories: electrolyte imbalance (calcium,
potassium, magnesium, and phosphorus), musculoskeletal
injuries (coxofemoral luxation, gastrocnemius rupture), sys-
temic inflammatory illness (acute metritis and mastitis),
and nerve paresis (sciatic, obturator, or central origin (that
is, lymphoma).

Several terms have been used to define a cow not able to
rise and stand: down cow, downer cow, alert downer, nonam-
bulatory cow, etc. As a referral center we generally use down
cow to describe a cow that cannot walk out of the trailer
upon arrival at the hospital. Once examined, nonambulatory
cows are then subdivided into two categories: 1) those in
which a primary cause has been identified and is considered
reversible (e.g., hypocalcemia) and 2) those in which there
is no obvious explanation for the inability to stand.

PATHOPHYSIOLOGY OF A DOWNER COW

Regardless of the primary cause, complications will develop
over time from inappropriate handling, awkward movement
of the animal, or unsuccessful attempts to stand or simply
because of excessive pressure and inactivity.

In 1969, Fenwick showed that the incidence of problems
related to recumbency following milk fever increased with
time elapsed between onset of recumbency and treatment
with calcium. For recumbency lasting under 6 hours before
the first treatment, the rate of down cows is negligible; for 7
to 12 hours, he estimated the rate of complications to be
26%; for 12 to 18 hours, it is 32%; and for more than 18
hours, it reaches 38%.

In 1982, Cox et al. investigated the consequences of com-
pression in down-cow syndrome. Fifteen adult cows were
kept in sternal recumbency on a rubber mat for 6, 9, or 12
hours with the right hind limb under the body. Afterward,
half of the cows were able to stand up but eight remained
down. Among the latter, the right limb was stiff and swollen.
During necropsy, the most obvious anomaly was the sciatic
nerve in the caudal region of the proximal femur. The nerve
was discolored and surrounded by a deposit of collagenous
tissue. Muscle damage was limited to the same caudoproxi-
mal region of the thigh: the semitendinosus was the most
affected (very pale and necrotic) as well as the gluteal muscle
on the greater trochanter. Regular measurements of creati-
nine kinase for all animals showed values within normal
limits 3 and 6 hours after anesthesia and similar levels for
all the animals after 12 hours. Significant differences between
the two groups (the cows able to stand or not) appeared
24 hours after anesthesia. The levels of creatinine kinase in
the animals that stood peaked at 24 hours and began to
drop, whereas the levels from downer animals continued to

Figure 3-14 Pictures taken from a downer cow at necropsy.
A, Although the skin is intact, the subcutaneous tissue is
edematous. B, Muscular lesions are compatible with pres-
sure necrosis.

increase and peaked at 48 hours. Six days later, both groups
found comparable levels of creatinine kinase. The compa-
rable levels during the first day show that the two groups of
animals had similar muscle injuries, indicating that only the
sciatic nerve lesions found during autopsies could explain the
trend toward prolonged recumbency in some cows. He also
revealed how a pathologic condition in human medicine, also
recognized in horses, afflicts downer cows: limb-pressure
necrosis due to prolonged recumbency (Figure 3-14A and B).
With an increase of pressure on the external soft tissue,
vascular permeability increases, producing an extracellular
accumulation of fluid and therefore swelling. If the fascia
that surrounds the muscle prevents distention, the internal
pressure will increase dramatically, even beyond the external
pressure that initiated the problem. Tissue anoxia leads to
cell damage and inflammation, which in turn induces an
increase in pressure within the tissue.

ASSESSMENT OF A DOWNER COW

History

The cow’s history is of paramount importance in the diag-
nostic process.




Figure 3-15 Fetlock injury following continuous effort to
rise with both hind limbs hyperextended.

Age of the Animal

Cows older than 5 years are more likely to suffer from hypo-
calcemia and lymphoma in endemic countries. Primary
trauma rather than metabolic origin must be suspected in
younger cattle or in the dry-cow group.

Calving

Dystocia and forced extraction lead to inflammation of the
soft tissue surrounding the pelvic canal. The most common
peripheral nerve problems involve the obturator and the
sciatic with subsequent paralysis or paresis.

Trauma

Trauma should be suspected as a primary cause if the animal
is recumbent outside the postpartum period. However, self-
inflicted trauma from unsuccessful attempts to stand (muscle
tear, luxation) are also frequent. Traumas of the upper limb
or vertebral column are difficult to diagnose.

Behavior While Being Recumbent

Specific questions on position and comfort of the recumbent
animal should be assessed. Some cows will favor lying on one
limb or side. While standing, was there any weakness, abnor-
mal position or specific area of swelling that was noticed? A
detailed description of any attempt to rise can be helpful in
completing a problem list to establish a specific diagnosis
(Figure 3-15).

Treatment History and Response

A detailed list of administered drugs, their posology (dose,
frequency, and routes of administration), and response to
treatment should be obtained.

Physical Examination
Physical examination of a downer cow is difficult but essen-
tial. The animal is often cornered in a small place, limiting
manipulation. Nonetheless, time and energy should be
directed toward this first and important task. The physical
examination is performed methodically, keeping in mind
four common causes of recumbency: acute systemic inflam-
matory conditions, musculoskeletal problems, neurologic
injuries and electrolyte imbalance.

In large animals, it is common practice to perform the
physical examination by side, right and left. The same
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Figure 3-16 The animal is restrained in lateral recumbency
while the right hind limb is examined.

Table o 3-1

Musculoskeletal Conditions Frequently
Affecting Downer Cattle

Pelvic Gastrocnemius rupture
limb Myositis
Peroneus tertius rupture
Ventral coxofemoral luxation and pelvic fracture
Nerve injury (sciatic, obturator)
Abductor muscle injury
Femoral fracture (head and shaft)
Collateral ligament rupture
Thoracic  Nerve injury (brachial plexus or specific nerve)
limb Myopathy
Ruptured triceps
Vertebral column fracture or luxation
Oblique muscle injury from excessive use of hip lifter.
Acute laminitis

Others

principle applies to downer cows. However, it should be
divided in sternal and lateral recumbency for each side. The
animal must be in lateral recumbency for the musculoskel-
etal examination and to evaluate the mammary gland. The
examination will start with whichever side the cow is lying
on with sternal and lateral recumbency. Then the animal will
be switched to the other side to repeat the same process.
Auscultation and percussion or ballottement as well as
abdominal palpation per rectum can be inconclusive on a
recumbent cow. We often repeat them with the animal
standing in the floating tank.

Musculoskeletal Examination and Conditions
As stated before, musculoskeletal injuries can be the primary
reason for recumbency, or they can be secondary to injuries
during manipulation or prolonged recumbency. The exami-
nation is performed with the animal in lateral recumbency.
Bedding must be soft, or if available, padding or a mattress
can be used to prevent further injuries during the manipula-
tion (Figure 3-16). The examination is performed only on
the uppermost limbs. The common conditions affecting the
limbs are summarized in Table 3-1.
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Figure 3-17 With the animal in lateral recumbency and the
leg slightly elevated, a Frick speculum is used to evaluate
the patellar reflex.

Figure 3-18 An adult Hereford cow with a ruptured gastroc-
nemius muscle. The diagnosis is confirmed by flexing the
tarsus while the stifle is maintained in extension.

Pelvic Limb

The thigh and gluteal muscles are palpated for fibrosis, swell-
ing, hardness, and pain. Skin sensitivity is evaluated with a
hemostatic forceps by pinching the skin starting from the
coronary band up to the stifle. With the limb slightly ele-
vated, the patellar reflex is evaluated by knocking on liga-
ment insertion on the tibial crest with a tool (e.g., a Frick
cattle mouth speculum instead of a reflex hammer) (Figure
3-17). Then the limb is palpated and manipulated from the
claws to the hip. Although many lesions can be found, the
primary goal of this examination is to find the cause of
recumbency. Digital dermatitis, tarsal bursitis, or mild joint
distention cannot prevent a cow from standing up. Each joint
and bone is stressed to elicit pain; the joints are flexed and
extended, and long bones are firmly palpated.

The integrity of the gastrocnemius and the peroneus
tertius is evaluated by flexing or extending the tarsus and
stifle. Being part of the reciprocal apparatus, the stifle and
the tarsus are flexing or extending in harmony. With a rup-
tured gastrocnemius, the hock can be flexed while the stifle
is partially extended (Figure 3-18). With a ruptured pero-
neus tertius, the hock is extended while the stifle is partially
flexed (Figure 3-19).

The stifle and the hock are evaluated for articular fracture
and collateral ligament rupture. Lateral and medial move-
ment of the joint will help to determine joint instability and

Figure 3-19 An extended tarsus with a flexed stifle is com-
patible with a ruptured peroneus tertius (that is, fibularis
tertius).

Figure 3-20 The normal triangle configuration of the tuber
coxae (T), tuber ischia (1), and the greater trochanter (G) of
the femur.

abnormal craniocaudal limb angulation. Although cruciate
ligament injury is possible, it is the authors’ opinion that it
will not prevent a cow from standing. Cruciate ligament
injury physical evaluation will be more likely inconclusive
with the animal in lateral recumbency. Condylar or supra-
condylar femoral fractures are not uncommon in adult cattle.
It is diagnosed by abducting and adducting the distal limb.
Crepitation can be felt at the stifle level, and the limb can
be abnormally abducted.

The coxofemoral joint is first assessed by the relative posi-
tion of the greater trochanter to that of the tuber coxae and
the tuber ischii. The normal position of the greater trochan-
ter is ventral to both of these bony prominences, and imagi-
nary lines drawn between them will create a “triangle” with
a shorter side between the greater trochanter and the tuber
ischia (Figure 3-20). Positioning of the greater trochanter in
line with the tuber coxae and tuber ischii suggests dorsal
luxation of the coxofemoral joint. If a ventral luxation is
present, the greater trochanter cannot be seen or palpated as
usual because of its abnormal medial positioning. The limb
is usually slightly abducted. The hip is further manipulated
by forcefully abducting and adducting it. A subluxated hip
can be ventrally luxated by excessive abduction, which is
diagnostic. A normal abducted uppermost leg can form an
angle of approximately 45 degree with the down leg. If the
angle is 90 degrees, hip luxation must be suspected and/or
trauma of the adductor muscles (Figure 3-21A and B). To



Figure 3-21 A down cow with a ventrally luxated hip. A, The
right hind limb is excessively abducted on presentation.
B, With the cow in lateral recumbency, the limb is abducted
with an abnormal angle of 90°.

complete the physical examination of the hip, the hands of
the clinician are placed over the greater trochanter while an
assistant is abducting, adducting, and circumducting, making
a circle with the leg. Fracture of the physis of the head of
the femur (capital physeal fracture) should elicit crepitation
of the hip that can be felt and occasionally heard. Coxofemo-
ral joint luxation should elicit more crepitation, excessive
movement of the greater trochanter, and ease of abduction
if the luxation is cranioventral. Palpation and location of the
femoral head per rectum can also be performed if limb
manipulation is inconclusive.

Thoracic Limb
With the cow in lateral recumbency as previously stated, the
larger muscles are palpated for fibrosis, swelling, and pain.
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Figure 3-22 Skin necrosis over the tuber coxae from exces-
sive use of hip lifter.

Skin sensitivity is evaluated from the coronary band up to
the elbow. Triceps reflex is assessed with the Frick speculum
hitting the tendon at its insertion on the olecranon. Then
each joint and bone is stressed to elicit pain with pressure,
flexion, and extension.

Vertebral Column

Trauma to the vertebral column is suspected if there is bilat-
eral paresis or paralysis of the limbs or if the animal is in
pain for an unknown reason. Needless to say, the vertebral
column is difficult to evaluate on a down cow. The lateral
aspect of the cervical vertebra can be palpated. The neck is
carefully flexed in different directions to elicit a reaction
from the animal. An S-shaped neck is often observed on
hypokalemic animals from muscle weakness. The spinous
process and epaxial muscles of the thoracic and lumbar ver-
tebrae are palpated for abnormal deviation, swelling, or pain.
Crepitation can be felt over luxate or fractured areas. This
is an extremely painful condition, and the animal must be
immediately euthanized.

Other Areas of Concern

The use of a cow lift or hip lifter is still indicated in relatively
small cows but must be discouraged in large cows. Inade-
quate use of them can seriously damage the oblique and
other surrounding muscles of the tuber coxae (tensor of
fascia lata, gluteal muscles), leading to massive irreversible
muscle damage, keeping the cow down even if the primary
problem was successfully treated (Figure 3-22). It must be
clear that the cow lift is a rising system and not used to
suspend the animal.

Ribs can be fractured from a fall or during careless manip-
ulation of the downer cow. The affected animals will be in
pain, tachypneic with a very superficial respiratory pattern.
Ribs are individually palpated and pain reaction observed.
An ultrasound examination can be used to confirm a fracture
in the affected area. We have seen lung trauma from frac-
tured ribs.

The tail is often neglected when manipulating or moving
the animal. The sensitivity, motility, and color are evalu-
ated upon admission of the animal. A necrotic tail can be
at the origin of ascending neurologic infection. It is not
unusual that the tail becomes damaged while the animal
is recumbent and unable to move freely on her own
(Figure 3-23).
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Figure 3-23 Necrosis of the tail secondary to a trauma from
being down.

NONFATAL MUSCULOSKELETAL
CONDITIONS ON A DOWNER COW

Muscular Damage

Muscular damage is of two origins: a specific torn muscle or
myopathy or muscle degeneration and necrosis from pro-
longed recumbency. Previous studies have clearly shown the
muscle damage secondary to prolonged recumbency on a
concrete floor. All downer cows have some degree of muscle
necrosis. However, greater than 25,000 U/L of creatinine
kinase and 1000 U/L of aspartate aminotransferase, we
found that the recovery rate is significantly reduced and the
total cost if the animal survives significantly higher. Specific
torn muscles can be the cause of the recumbency or second-
ary to unsuccessful attempts to get up. It is difficult to give
a prognosis based on the location of the affected muscles.
Usually the prognosis is based on the treatment’s response.
The affected animals must be on a deep bedding, their
inflammation and pain controlled with NSAIDs, with judi-
cious use of the floating tank. Although difficult to objec-
tively assess, acute muscle degeneration and necrosis preclude
the animal’s ability to stand in the tank. It is suffering and
it is the authors’ opinion that these animals will benefit from
simply resting in a well-bedded stall than trying to stand in
the tank.

Peroneus Tertius (That Is, Fibularis Tertius)
Rupture (See Chapter 15)

The peroneus tertius in cattle has muscle fibers that compare
with those of the horse. It originates from the extensor fossa
of the distal femur along with the digital extensor and inserts
in the area of the tarsometatarsal joint. It will rupture after
a hyperextension of the tarsus although the stifle remains
flexed. This situation is often encountered when the animal
slides with the limb backward. Its rupture renders hock
flexion more difficult and the animal might fumble, having
difficulty clearing the ground with its foot. Based on ultra-
sound findings, the rupture is more a muscle tear than a
straight tendinous rupture, precluding any surgical attempt
to suture it. It should not prevent the animal from standing
or walking. Other than stall rest for weeks, there is no spe-
cific treatment for this condition.

Figure 3-24 An adult Holstein cow with a radial nerve
paresis. The upper limb is swollen from prolonged recum-
bency.

Brachial, Radial Nerve Paralysis

While attempting to get up and stand, the cow might slip
and overabduct a thoracic limb. The more dramatic conse-
quence is radial nerve damage. Prolonged lateral decubitus
on a hard surface can also be at the origin of the damage.
Typically the elbow will drop and the carpus remains par-
tially flexed (Figure 3-24). Animals with ruptured triceps
or humeral or olecranon fracture will show a similar
posture. Affected animals have difficulty getting up and
standing, lacking the strength to keep their balance. Physical
examination rules out fracture. Skin pricking or pinching
and triceps reflex confirm the diagnosis of radial nerve
paralysis. Splinting at the caudal aspect of the forelimb,
from the foot up to the elbow, might help the animal to
stand. If there is a neurapraxia, strength will come back
in less than 3 weeks. If paresis is still present after that,
nerve damage is significant and a prognosis is difficult to

establish.

FATAL MUSCULOSKELETAL CONDITIONS
ON A DOWNER ADULT COW

The pain and weakness engendered by some conditions will
prevent the cow from getting up even in a floating tank.
Even if repair of a luxation or fracture is surgically success-
ful, the chance of survival is slim in a downer animal. The
amount of pressure or stress on the repair is tremendous
on a debilitated cow trying to rise and stand. Postopera-
tively, these animals will have to be floated; otherwise pro-
longed decubitus will worsen the prognosis. Floating a cow
in a tank with a cast, a splint, or simply a fresh surgical
wound seems feasible with appropriate measures (sticky
surgical drape on incisions, plastic bag over a cast) but is
often unrewarding. Although it is feasible, a grave prognosis



Figure 3-25 A necropsy specimen from an adult down cow
with a severely comminuted femoral fracture.

with thorough explanation of the situation must be given
to the owner.

Ventral Coxofemoral Luxation

Asreported in the literature, most cows affected with ventral
luxation are presented down (68% to 83%) compared with
dorsal luxation (6% to 43%). The origin of this ventral luxa-
tion is most likely secondary to an extreme abduction
because of a slippery floor or obturator nerve paresis or
paralysis. Although clinical examination is often diagnostic,
a ventrodorsal radiographic image of the pelvis will confirm
the luxation but not its exact direction. Acetabular, femoral
head fractures will worsen an already grave prognosis. There-
fore downer cows with ventral luxation are most often
immediately euthanized. If reduction should be attempted,
it must be within 48 hours. Close reduction of a ventral
luxation is extremely difficult compared with a dorsal luxa-
tion. An open approach is possible but also extremely dif-
ficult. The cartilage, capsular, and adjacent muscles are
extensively damaged, preventing efficient surgical stabiliza-
tion and increasing postoperative relapse. Recovering animals
should be kept in a small stall with deep bedding on a non-
slippery floor for 2 months. Hobbles are used to prevent
excessive abduction and recurrence of the luxation after
reduction. According to one study, the prognosis factors for
successful outcome were standing at admission (this is very
rare with a ventral luxation), age less than 3 years, body
weight less than 400 kg, and duration of less than 12 hours.
Those criteria are rarely met in downer cows.

Ruptured Gastrocnemius

As described in Chapter 15, the rupture is usually at the
tendinous-muscular junction. To keep a cow down, the
rupture must be complete (see Figure 3-18). The condition
and the repair carry a grave prognosis and the animal is
rapidly euthanized.

Femoral Fracture

This is a fatal condition in adult cows because of the severity
of the fracture. On a down cow, the femoral fracture is gen-
erally comminuted and condylar, with extensive soft tissue
damage. The cow is unable to stand because of the pain and
the lack of support from the shattered femur (Figure 3-25).
Abnormal angulation and crepitation upon manipulation of
the limb will confirm the diagnosis.

Vertebral Trauma and Lymphoma
Vertebral trauma often results in spinal cord injury. Affected
animals are in pain, and limbs can be paralyzed depending
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of the level of the trauma. The vertebral column is palpated,
and the clinician should look for abnormal tumefaction,
pain, deviation of the spinous process, and panniculus reflex.
Careful examination of the skin sensitivity and reflexes of
the limbs might help localize the affected area. Special
attention must be in the thoracolumbar region. Lateral radio-
graphic views of the vertebral column can be performed to
confirm the diagnosis. Cerebrospinal fluid tap at the level of
the lumbosacral area can confirm the diagnosis of trauma or
lymphoma, depending of the severity and the location of the
disease.

Acute Systemic Inflammatory Conditions

With the physical examination the clinician should be able
to rule out the frequent inflammatory conditions that can
occur during the puerperal period: acute metritis and mas-
titis (check all four quarters, even those difficult to reach
because they are under the cow).

Neurologic Deficit

As stated in the previous section on musculoskeletal exami-
nation, skin sensitivity and reflexes may be useful in locating
the nerves involved when the cow is recumbent. If the
animal is standing in a floating tank or with the help of
straps, it is easier to pinpoint the location of the damage.
Remember that in most cases several nerve branches can
be affected, complicating the clinical aspect of a problem.
For example, the sciatic and obturator nerves are often
injured during difficult parturition. It is difficult to be
precise in determining the extent of nerve damage and its
prognosis. We rely on clinical evaluation. Electromyography
could be used, but we don’t have experience with this
procedure.

Electrolyte Imbalance

Calcium, magnesium phosphorus, and potassium are the
primary cause of recumbency in many cases. Clinical signs
associated with electrolyte imbalance should be evaluated
carefully. Laboratory tests are often necessary to state with
certainty that the electrolyte concentrations are within
normal range. Often previous treatments will mask the
clinical signs of classic milk fever, and marginal residual
hypocalcemia cannot be identified without a laboratory
analysis.

Treatment and Management of a Down Cow
Moving the cow to a larger stall or trailer or directly to a
floating tank must be undertaken with caution. We have seen
many animals traumatized in the process of moving them,
from simple abrasions to a broken tail and torn muscles.
Direct traction on the animal is totally unacceptable. The
pelvic limbs should be tied together (hobbled) to prevent
abductions that can result in severe muscle tears and even
dislocated hips.

The primary problem must be treated first and fatal con-
ditions eliminated before investing time and effort on a
down animal. Before attempting to help the animal to rise
and stand, we must assure that the animal is comfortable.

Stall and Stall Surface

The consequences of recumbency must be prevented at all
costs by moving the affected animal to a floor other than
concrete and keeping it in a normal anatomic position.
Ideally, the cow should have a large stall, where she can
turn around and move without difficulty, with a dirt floor
covered with a thick layer of straw. Thirty centimeters of
sand with a gentle slope for good drainage is an excellent
alternative. Sand has the added benefit of not retaining
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Figure 3-26 An adult Ayrshire with skin necrosis from pro-
longed recumbency. A, The skin is black with a leather
aspect. It is just distal and caudal to the greater trochanter,
a common pressure point. B, A pressure ulcer on the
olecranon.

water or urine, which prevents skin maceration. Another
advantage is that it molds to the cow’s body and provides
better weight distribution. If she is unable to change sides
herself, the cow has to be rolled over regularly (ideally every
4-6 hours) to minimize the pressure on the skin, muscles,
and nerve structures (Figure 3-26 A and B). After she moves,
pay special attention to the down limb(s). Make sure the
limb bearing most of the weight of the animal is in a normal
sleeping position and not stretched under her. Care must
be taken to maintain renal perfusion by keeping the animal
hydrated. Regularly offering water is important. A cow’s
digestive system slows when recumbent, so it is helpful to
maintain appetite by ensuring the palatability of food and
its close proximity.

Fluid-Replacement Therapy

A recumbent animal is often dehydrated, and fluid replace-
ment should be considered. Oral or intravenous fluid therapy
will help restore basic functions. The fluid should contain
calcium and potassium unless blood results show that these
electrolytes are within normal range. Many dairy cows in
the immediate postpartum period are challenged by some
degree of lipid mobilization. The presence of ketones should

be measured and dextrose added to the fluid therapy if
necessary.

Pain Control and Antiinflammatory Drugs

The administration of an analgesic improves the comfort of
the animal and helps maintain appetite. Whether it is to
reduce inflammation around the nerve structures or to
decrease the acute inflammatory response associated with
endotoxemia, the use of NSAIDs in the treatment of recum-
bent cows is no longer controversial. However, there are no
guidelines for the selection of a specific NSAID or steroidals.
Steroidals are usually used when nerve structures are
involved and NSAIDs when acute inflammatory response is
diagnosed.

Stress caused by the recumbency and/or by a primary
condition is often significant enough to explain the high
incidence of abomasal ulcer. In addition, the effect of anti-
inflammatory treatments on the mucosal defense mecha-
nisms in the stomach can result in an ulcer. As abomasal
ulcer is difficult to treat in ruminants; it is better to prevent
it. It is difficult to decide if the animal would benefit more
from NSAIDs for the muscular damage or be better off
without them to prevent abomasal ulcer.

Antibiotic Therapy

This will be indicated if an infectious process is identified
by clinical or laboratory examination. Be aware that many
recumbent cows develop clinical signs of pneumonia (fever,
tachypnea, increased respiratory sounds, and sometimes a
cough). The majority of cases appear to benefit from antibi-
otic treatment.

LIFTING A COW

Many systems have been designed to lift cows, but very
few do a good job. Most of the systems were designed
many years ago when the average cow’s weight was 500 kg.
This is not the case anymore. The following is an evalua-
tion of the advantages and disadvantages of the different
assistive technologies available to lift down cows with
emphasis on the floating tank. All of them are rising
systems. They are not made to make cows stand for hours.
If the cow does not help herself, she must be let down
and rested until later in the day or the day after. It is our
opinion that insisting on lifting uncooperative animals is
useless.

Physical Assistance

You can best help a cow get up by supporting the base
of the tail, which acts as an anchor. Take the time to
properly position the limbs beforehand. It is also a good
idea to change the side a cow is on just before giving her a
boost in case the limb on which she spent the night is a bit
weak.

Lifting Straps

Several models exist and each offers its own advantage, but
they all have a major drawback: the animal squeezed in a
strap is just not comfortable (Figure 3-27A and B). In addi-
tion, if the cow is unable to stand, the pressure in some areas
quickly leads to complications (wounds, swelling). We have
seen abdominal muscles torn because the animal was left
hanging in straps.

Hip Clamps

Hip clamps are still widely used, even though the clamps
cause significant muscle damage for large cows. If used on
small cows by someone with experience, they can be useful;



Figure 3-27 A-B: Different strap systems used.

however, we believe that this technique is outdated, and we
strongly discourage its use (see Figure 3-9).

Inflatable Ball

The deflated ball is slid under the cow and inflated with a
special pump. The animal is strapped to the ball. Although
the principle is interesting, it is very difficult to keep a cow
in balance on that system.

Flotation Tanks/Aqua Cow

The advantage of this system is that it facilitates standing
without abdominal compression (e.g., straps) or muscle
compression (e.g., hip clamps). Once the animal is stand-
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ing, it is easy to examine the pelvis and limb position and
to note any swelling or deformities of the proximal limbs
and if the cow is putting weight equally on all four legs.
Another advantage of this technique is that it avoids isch-
emia compression associated with recumbency. Flotation
tanks are limited by the fact that they require access to a
large amount of water (ideally warm). Flotation tanks in no
way replace the necessity of examining an animal carefully,
but given their superior performance in helping lift down
cows, it improves the prognosis compared with other
devices.

Although often called flotation tanks, the cow does
not float. It is still a rising system where the animals have
to bear weight and stand by themselves (see Figure 3-3).
Briefly, here is the sequence of events to put a cow in a
tank:

1. Physical examination of the animal with emphasis on the
musculoskeletal system.

2. The cow is put on a rubber mat with hobbles on the hind
limbs and pulled into the tank with a halter on (Figure
3-284).

3. After the front and back doors of the tank are secured,
lukewarm water fills up the tank as fast as possible (Figure
3-28B).

4. Forcefully restrain the animal down by keeping the head
on her side until there is enough water to help her stand
(Figure 3-28C).

5. While standing, the head is secured to the front of the
tank and a specially designed feed bunk is installed
(Figure 3-28D).

6. If the cow is unable to stand and simply float, we usually
leave her for 5 to 10 minutes, pushing her side-to-side
until she stands by herself. If unsuccessful, the water is
drained out of the tank and the cow moved back to her
stall.

After floating 1000 cows in 20 years, we know certain
facts. The overall prognosis is at least 50% with the tank
without considering diagnosis. If fatal conditions are not
included, the prognosis reaches 60%. Alert and eating down
cows have a better general prognosis. It takes an average of
3 days to make a down cow stand with a floating tank. If
she does not stand by then, her prognosis is guarded and a
discussion with the owner should take place to consider
euthanasia, taking into account the actual value of the
animal. We have successfully floated animals for 2 weeks
before they were able to stand by themselves. It is costly
and is reserved for elite animals.

The animal will be discharged from the hospital when
she can stand by herself without help for at least 2 days in
a row. She’ll be leaving with the hobbles on, with strict
instructions to keep them on for a few more days at the farm
(Figure 3-29).

COMPLICATIONS

There are many complications on downer cows. They can
further injure themselves by sliding while getting up. Mas-
titis is a serious concern, especially if the animal is on sawdust
(Klebsiella sp.), or the facilities do not allow adequate
milking. Anorexic peripartum cows are susceptible to dis-
placed abomasum, ketosis, and ulcers. Some of these cows
will run a fever for an unknown reason.

Down cows that have gradually stopped eating or that
have suddenly developed complete anorexia should be reex-
amined carefully. A significant and life-threatening compli-
cation could have developed (acute mastitis, stomach ulcer,
gastrointestinal accident) that could seriously reduce the
chances of success.
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Figure 3-28 A, The cow is on a rubber mat ready to be moved into the floating tank.
B, The back and front doors are locked in place. C, The cow is forcefully kept still until
there is enough water to stand easily, avoiding injuries. D, The cow is now standing,
bearing weight on all limbs.



Figure 3-29 An adult Holstein cow ready to go home. She
still has hobbles and will keep them during hauling and
convalescence on the farm.
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BIOSECURITY |

Gillian A. Perkins

The term biosecurity is referring to the prevention of zoo-
notic diseases that could cause disease in veterinary col-
leagues, employees, and clients, along with the prevention of
inhospital transmission of various infectious diseases to
farm animal patients. This chapter focuses on an infection
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prevention program for haul-in facilities for doing day sur-
geries. These typically involve a facility with a few stalls and
an area for performing surgery. Many cow-calf beef opera-
tions will use a haul-in facility for cesarean sections and
neonatal calf management, whereas in the dairy areas, many
practices may choose to perform LDA surgeries in a haul-in
facility. Alternatively, large dairy farms develop a treatment
area for on-site surgeries. A mixed practice may also choose
to treat calf scours and urinary obstruction in small rumi-
nants. Biosecurity for veterinary teaching hospitals (VTH)
are described in more detail, and reviewers are referred to
the recommended readings at the end of the chapters. These
are valuable resources when planning and implementing a
biosecurity program for a private practice.

The most important aspects of a biosecurity program
with the previously mentioned goals for a surgical facility
start with basic hygiene practices that are listed here:

e Promoting personal hygiene habits among veterinari-
ans and staff to include excellent hand hygiene, profes-
sional attire, and routine cleaning of personal items
such as cell phones, stethoscopes, and pen lights

® Minimizing the time the animals spend in the facility,
with outpatient management being preferred

e Routine cleaning and disinfection of all areas of the
hospital to include stalls; surgical, diagnostic, and
treatment areas; reception area; pharmacy

e Timely and appropriate manure removal and waste
management

e Routine cleaning and disinfection of medical equip-
ment (ultrasound machine, surgical lamps, etc.)

¢ Controlling the flow of human and animal traffic to go
from clean, to clean-contaminated, to contaminated,
and out

e Limiting entrance of patients with infectious diseases
of concern and providing a separate area for treatment
of animals with infectious diseases, such as calf scours

The most routine surgeries in dairy and beef cattle, small
ruminants, and pigs are not infectious in nature. However,
the animal may be subclinically infected and shed infectious
diseases of concern for your facility during hospitalization
and surgery. The most common agent, and one that has
caused problems for many VTHs, is Salmonella spp. This
agent can persist in the environment despite adequate clean-
ing and disinfection protocols and can cause mild to severe
disease if contracted in a hospital. Johne’s disease, or Myco-
bacterium paratuberculosis, although a major concern on a
farm, is not considered as much of a concern for a veterinary
practice due to the manure management and low environ-
mental load accompanied by short hospital stays. It is impor-
tant to define the infectious diseases of concern for your
practice (hazard identification). These agents may differ
among geographic regions and may be affected by client
perception, likelihood, and severity of disease induced by the
agent. There are certainly many infectious agents that are a
nuisance to the veterinarian, the veterinary care providers,
and the client—for example, external parasites, such as lice.
But they are unlikely to present a major expense to control
or to disrupt your ability to see other patients. In general,
diseases of fecal-oral transmission (Salmonella spp., Crypto-
sporidium parvum) or indirect contact (multidrug-resistant
Enterobacter spp. or methicillin-resistant Staphylococcus
aureus) are of most concern. If animals are seen concurrently
from different farms then respiratory (bovine respiratory
syncytial virus, bovine viral diarrhea, and other) and fomite
transmission of pathogens also becomes a concern.

Dystocia management and cesarean sections are routinely
fetal malposition or mismatch size but also carry the risk of
being abortions due to infectious conditions such as brucel-
losis, leptospirosis, and Q-fever, all of which are zoonotic.
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Every effort should be made to be as clean as possible during
obstetric manipulations, donning rectal sleeves, a new set of
coveralls, and/or water-resistant overwear. After the dysto-
cia, the veterinarian and staff should change and wash hands,
and the area should be cleaned and disinfected. If any infec-
tious condition is suspected, showering on site before han-
dling other patients may be necessary. Any fetal or aborted
tissues should be contained and placed in a medical waste
bag or container and disposed of appropriately or sent to a
diagnostic laboratory for further testing.

Prevent entrance of infectious diseases into your facility. Out-
patient surgical procedures done at a haul-in facility mini-
mize the time the patient spends at the facility and thus
reduce contamination of the environment by the patient as
well as the risk of contracting other disease agents of hospital
origin or from animals from other farms. For the most part,
if an animal has an infectious disease of concern to your
hospital or treating facility, then the animal should be either
treated or managed on the farm or brought into the facility
with appropriate precautions and isolation to prevent spread.
This could include a designated area away from the surgical
outpatients that has its own supplies (feed tubs, shovels,
water buckets, etc.) or supplies that can be designated to that
patient and area until the animal is discharged. Personal
protective equipment (PPE), such as one-time-use dispos-
able suits,” plastic boots, and examination gloves, could be
used when handling the patient.

In general, your practice should clean and disinfect the
environment on a regular basis to minimize the infectious
disease burden and, hence, the chance that another hospi-
talized animal will become clinically ill. That said, having a
building with appropriate walls and floors that can be disin-
fected is very important. For example dirt floors or unfin-
ished wood boards cannot be disinfected and are not the
substrate of choice for the hospital setting. There are many
products available for this purpose, and a good review of
disinfectants can be found at the Center for Food Security
and Public Health at Iowa State University (http://
www.cfsph.iastate.edu/Disinfection/index.php). The proper
selection takes into account the effectiveness of the disinfec-
tant against various disease-causing organisms balanced
with the safety (for both humans and animals), effect on
the environment, and cost. When cleaning and disinfecting
the hospital environment, it is always important to remove
organic debris, such as feces, urine, shavings, etc., and then
use soap and a scrub brush to clean the area followed by the
disinfectant of your choice. Adhering to the appropriate
dilutions and contact time is essential for any disinfectant to
be efficacious.

When returning home to the farm, if possible, the animals
should be separated from the rest of the herd for 3 days or
more and their temperature taken once or twice daily. This
is especially important if they have come into contact with
animals from other farms. Providing information to the
client in the discharge instructions regarding biosecurity
issues is important, and they should contact you immediately
if the animal has any medical problems postoperatively.
Should a patient develop a fever upon return to the farm,
then an infection associated with the surgical procedure or
a nosocomial infection may have occurred. Surgical compli-
cations include a surgical site infection, pneumonia second-
ary to inhalant anesthesia or aspiration during recumbency,
and catheter site infections. Alternatively, the patient may
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products-and-services/personal-protective-equipment/chemical
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tyvek-coveralls.html.

have acquired an infectious disease in the hospital, and now
the animal is clinical. Performing a physical examination,
determining the cause of the fever, and knowing the previous
history of the veterinary practice will help guide the diag-
nostic and treatment plan for these patients.
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SPECIAL CONSIDERATIONS WHEN

WORKING WITH RESCUE
ORGANIZATIONS

Emily A. Barrell

An ever-increasing population of farm animals seen in
veterinary practices and universities includes those from res-
cue organizations and sanctuaries. Numerous groups exist
throughout the United States that provide care for all species
of farm animals, including cattle, swine, sheep, goats, and
poultry. From small, privately owned rescue groups to large,
nonprofit sanctuaries, these organizations often have far
different financial considerations, treatment goals, and man-
agement capabilities than those of traditional livestock pro-
duction operations. The unique nature of these animals as
food-producing species in a nonproduction setting poses an
interesting challenge to the practitioner when contemplating
drug usage, implications on herd health, and ultimate long-
term outcomes for these animals. This chapter will highlight
several of the special considerations associated with treating
farm animals from rescue organizations.

The prescription of medications is an important and
regular part of any veterinarian’s job, and medicating live-
stock from animal rescue organizations is no exception.
Although these animals have been taken in with the inten-
tion that they will never enter the food chain, they continue
to be regulated by the same rules as their food-producing
counterparts. The Food Animal Residue Avoidance Data-
base (FARAD) is a national, USDA-sponsored cooperative
project, with a primary mission to prevent or mitigate illegal
residues of drugs, pesticides, and other chemicals in foods of
animal origin, with no consideration given to whether an
animal or its products are intended for use in the food chain
or not. As per FARAD representatives, the Food and Drug
Administration (FDA) has mandated that regardless of
whether an animal is a pet or in a rescue organization, if it
is a member of a food-producing species, it is considered a
food animal (personal communication). As such, both major
(cattle, poultry, and swine including pot-bellied pigs) and
minor (goats, sheep) species housed in sanctuaries, acquired
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by rescue organizations, or kept as companions are subject
to the same restrictions and regulations that guide the use
of drugs in all livestock species.

Therefore it is imperative that veterinarians working with
and treating this unique group of livestock be familiar with
all regulations that apply to food animal species. On-label
drug use refers to the use of an antimicrobial, anesthetic,
analgesic, or other drug in the manner specifically detailed
on the product label and approved by the FDA. However,
due to the limited number of medications approved for use
in livestock species, use of drugs in an extralabel fashion
became legal in 1994 under provisions of the American
Medicinal Drug Use Clarification Act (AMDUCA). Extra-
label drug use (ELDU) is permitted only under the direct
supervision of a veterinarian with an established veterinary-
client-patient relationship (VCPR), and only drugs approved
for use in humans and animals may be utilized. Use of drugs
in an extralabel fashion by a rescue organization without a
valid VCPR (for example, a drug prescribed for one animal
and used in another animal without examination of that
animal by a veterinarian) or use of drugs that are not FDA
approved (for example, compounded medications) remains
illegal. Furthermore, ELDU is legal only in cases in which
an animal’s health is suffering or threatened and may not be
used for enhancement of production.

Although AMDUCA provides a route for the use of
medications in an extralabel fashion, it also mandates that
the FDA can prohibit use of an entire class of drugs in
selected animal species if the FDA determines that (I) an
acceptable analytical method needs to be established and
such a method has not or cannot be established or (II) the
extralabel use of the drug or drug class presents a public
health risk. The FDA can also limit the prohibition on extra-
label use to specific species, indications, dosage forms, routes
of administration, or a combination of these. Multiple drugs
are regulated under AMDUCA and are categorized as those
without approved label uses and therefore prohibited or
those with restricted ELDU. Group I drugs are those with-
out any allowance for extralabel use in any food-producing
species, including cattle, swine, poultry, sheep, and goats
(Box 3-1). With the exception of fluoroquinolone-class anti-
biotics, which must be used strictly according to label recom-
mendations, none of these agents carrylabel recommendations
for livestock species, making their use in these animals ille-
gal. Group II drugs are those with restricted extralabel uses
in food-producing species. These agents carry restrictions
that may or may not apply to all food-producing species
(Table 3-2). For example, cephalosporin antibiotics, such as
ceftiofur sodium, may be used in cattle and swine for condi-
tions other than those as specified on the label, but use must
be limited to the same dose, route, frequency, and duration

Box e 3-1

Drugs without Allowable Extralabel Uses in
Any Food-Producing Animal

Chloramphenicol

Clenbuterol

Diethylstilbestrol (DES)
Fluoroquinolone-class antibiotics
Glycopeptides, including vancomycin
Medicated feeds

Nitroimidazoles, including metronidazole
Nitrofurans, including nitrofurazone
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as those on the label. In contrast, extralabel use of cephalo-
sporins is not restricted when used in the minor food animals
(for example, sheep and goats).

Another notable example of ELDU in rescue animals is
the use of medications specifically to manage pain and
provide palliative care for animals. Animal welfare and pre-
vention or alleviation of pain and suffering are important
topics for all veterinarians, including those who work in
traditional production settings. There are currently no medi-
cations approved by the FDA in the United States solely for
the purpose of analgesia; therefore the use of any drug for
such purpose is considered extralabel (Smith 2013). Regard-
less, for rescues and sanctuaries, animal welfare may be
the most important governing philosophy, so practitioners
working with these groups are tasked with providing the best
pain management possible while still working within the
confines of what is legal and allowable. Examples of condi-
tions that might require pain management in a rescue setting
include chronic osteoarthritis, developmental orthopedic
disease, chronic neurologic disease, or neoplasia. Analgesics
and NSAIDs that have been used in our clinic in the treat-
ment of such conditions include aspirin, carprofen, firocoxib,
flunixin, gabapentin, ketoprofen, meloxicam, phenylbuta-
zone, pregabalin, doxycycline, and tramadol. Tramadol and
pregabalin are classified by the Drug Enforcement Agency as
schedule IV and V drugs, respectively, whereas all others
listed are readily available to most veterinarians. Because
NSAIDs and steroids carry the risk of gastrointestinal ulcer-
ation and renal medullary crest necrosis in all species, careful
monitoring of patients receiving these drugs is necessary.

Local therapies for chronic joint disease have been used
with some success in our clinic to supplement systemic

Table e 3-2

Drugs with Restricted Extralabel Uses in
Food-Producing Animals

DRUG RESTRICTION

Adamantane and
neuraminidase inhibitors

ELDU prohibited in all poultry

ELDU restricted in cattle, swine,
chickens, turkeys

No ELDU for disease prevention

No ELDU at unapproved dose,
route, frequency, or duration

Agent must be approved for that
species and production class

ELDU restrictions do not apply to
minor species

ELDU prohibited in all
food-producing species

ELDU prohibited in all major
species (exceptions for minor
species)

ELDU prohibited in female cattle
older than 20 months

ELDU prohibited in lactating
dairy cattle

Cephalosporin-class
antibiotics (except
cephapirin)

Gentian violet

Indexed drugs

Phenylbutazone

Sulfonamide-class antibiotics
(except approved uses
of sulfadimethoxine,
sulfabromethazine,
sulfamethoxypyridazine)
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treatment. For example, methylprednisolone acetate has
been used intraarticularly in the affected carpus and coxo-
femoral joint (the latter with ultrasound guidance) of a
2-year-old Nubian doe with progressive arthritis secondary
to caprine arthritis encephalitis (CAE) virus, providing addi-
tional analgesia in combination with a regimen of meloxicam
and gabapentin. In a 6-year-old Hampshire hog with severe,
bilateral stifle osteoarthrosis, intraarticular injection of
methylprednisolone acetate, silicone oil, and morphine was
used to supplement ongoing treatment with firocoxib. In
addition to intraarticular injections, topical diclofenac cream
has been used locally for analgesia over a joint.

To complement the aforementioned therapies, alternative
and ancillary therapies such as physical therapy, acupunc-
ture, and nutritional supplements can be considered in those
patients with chronic pain. Intramuscular polysulfated gly-
cosaminoglycans (Adequan) could be considered in cases
of joint disease. In the hog described in the previous para-
graph, glucosamine/chondroitin/avocado soybean unsaponi-
fiables (Cosequin ASU) were added to the multimodal pain
management plan and provided additional relief from pain
associated with chronic arthritis.

It must be reiterated to the reader that all of the examples
mentioned represent off-label use of analgesic medications.
Often, there have been no studies or drug trials in the species
of interest on which to base recommendations for with-
drawal intervals when using medications in an off-label
fashion in livestock. Therefore direct inquiries to FARAD
regarding the use of analgesics can and should be made on a
case-by-case basis. It is ultimately the responsibility of the
supervising veterinarian to remain current on all regulations
that apply to food animals, including those in a rescue or
sanctuary setting, and to ensure that the organizations
responsible for these animals be aware of the implications
and consequences of improper use of these drugs. To view
updates to the list of drugs prohibited for ELDU in food
animals, visit www.fda.gov/cvm. For more information on
FARAD-recommended withdrawal intervals for extralabel
use of approved food animal drugs or to search for required
withdrawal times for approved food animal drugs, visit
www.farad.org.

Because it is the mission of most rescue organizations to
provide indefinite shelter and care for their animals, culling
an animal afflicted with a chronic, serious, or contagious
disease is often not a viable course of action. Thus not only is
care of the affected patient a primary goal, but also biosecu-
rity and screening for infectious diseases within the herd
become of paramount importance for veterinarians working
with animal sanctuaries or rescues. Notable examples of dis-
eases encountered in a rescue setting that have implications
for herd health include small ruminant lentiviruses such
as CAE and ovine progressive pneumonia (OPP), caseous
lymphadenitis, parasitism, Johne’s disease, and reportable
diseases such as pseudorabies and brucellosis in swine and,
rarely, prion diseases such scrapie in sheep and goats. It is
important that each organization identify diseases that are
both new to and endemic within their herds and have screen-
ing guidelines in place for new additions. Discussion of the
ideal method of detection of diseases and timing of testing is
an excellent way for the veterinarian to establish a routine,
working relationship with the rescue or sanctuary.

CAE and OPP in small ruminants serve as excellent
examples of the need for long-term management of a disease
in a rescue or sanctuary rather than eradication through
culling, as may occur in a production setting. Although CAE
can cause clinical signs that include leukoencephalomyelitis,
pneumonia, and mastitis, the most common manifestation
of disease that we see in our population of hospitalized,
rescued small ruminants is progressive polysynovitis and

arthritis. Affected goats have ranged in age from juvenile to
aged animals, and most present after therapies with NSAIDs
and other pain medications such as gabapentin or tramadol
have failed to provide relief or halt progression of the disease
process.

The most common method of transmission of CAE and
OPP involves passage of the virus in colostrum and milk from
an infected dam to a susceptible neonate. However, horizon-
tal transmission through direct contact is also possible.
Therefore to prevent the spread of disease, offspring of
affected dams should be separated and fed an alternate
source of colostrum and milk. New additions to a rescue
should be tested for these lentiviruses, as well as any animals
in contact with a resident animal that tests positive. All posi-
tive animals should be housed separately from their sero-
negative cohorts. Furthermore, although CAE tends to affect
goats and OPP more commonly affects sheep, both species
can be infected by both viruses, and so it is recommended
that sheep and goats be housed separately. These recom-
mendations are frequently difficult to implement in a rescue
organization. Space and housing are often limited, so segre-
gation of positive and negative animals is logistically difficult.
In particular, caregivers often find the idea of separating
dams from their offspring to be more ideologically unpleas-
ant than the actual disease transmission. Thus the disease
has remained a challenge to eliminate from rescue herds in
our experience.

As a case example, a 6-year-old mixed breed ewe was
presented to our clinic for weight loss of 6 months’ duration
despite a good appetite, labored breathing, and a cough that
was not responsive to treatment with antimicrobials. When
the ewe had been acquired as a member of a group of rescued
lambs, one herdmate had tested positive for OPP and suc-
cumbed to disease. Although the ewe had previously been
tested for OPP and was negative on AGID, her clinical signs
and history of comingling with an affected herdmate dic-
tated repeat testing. PCR and ELISA confirmed a positive
test result. The ewe had been comingled with 12 other sheep
at the rescue facility in the 6 years after her rescue. Therefore
the organization elected not to segregate the sheep as expo-
sure to the herdmates had likely already occurred. Palliative
care included provision of a high-fat, high-protein pelleted
feed to supplement her diet, as well as steroid therapy.
Despite treatment, the ewe continued to lose weight and was
humanely euthanized 6 months after diagnosis. This case
highlights the fact that subclinical infections can be present
within a herd, as well as the need for testing of exposed
animals, perhaps with multiple tests if there is strong suspi-
cion of infection in a group.

Perhaps the most common diagnosis made in our popula-
tion of hospitalized rescue animals is parasitism. Whether
the infestation is detected secondary to routine fecal flota-
tion in a surgery patient or if it results in the primary
presenting complaint of anemia, neurologic disease, or diar-
rhea, infection with parasites affects all species of livestock.
Animals housed in rescues or sanctuaries are often housed
in heavily stocked areas, may have access to pasture, and
frequently harbor parasites that are resistant to many, if
not all, classes of anthelmintics subsequent to repeated
deworming, all in stark contrast to current recommenda-
tions for management of parasites in groups of animals
(Fleming, 2006). All of these factors combine to result in
animals that are chronically affected by parasites, become
quickly reinfected after deworming, and serve as reservoirs
for the spread of parasites to the remainder of the animals
at the rescue. When resistance has developed, herd man-
agement becomes increasingly important to decrease parasite
burdens. In a production setting, it is recommended that
animals with heavy worm burdens be culled, as they are


http://www.fda.gov/cvm
http://www.farad.org

likely to always be less productive then their less heavily
parasitized herd-mates. Furthermore, they serve as sources
of infection to other animals. However, in a rescue setting,
culling is not a viable option, and therefore identification
and segregation of animals with high worm loads are
essential.

Currently, the American College of Veterinary Internal
Medicine (ACVIM) recommends that new additions to
an organization be isolated in a dry lot and simultane-
ously dewormed with triple-class anthelmintic therapy (for
example, moxidectin, levamisole, and albendazole), with
feces collected before and 14 days after deworming for fecal
egg count reduction testing (FECRT). After this regime, the
animal should be moved to a “dirty” pasture or pen, as any
remaining parasites would be considered resistant to all
three classes of dewormers and a high risk to the remainder
of the herd. For those animals already present in a rescue
setting, routine fecal flotation should be performed by a
qualified laboratory and a targeted deworming plan formu-
lated based on these results and in combination with
FAMACHA scoring of adult animals. New approaches to the
traditional FAMACHA scheme involve the consideration of
the resistance level of the herd and careful balance of the
use of more effective compounds versus the development
of resistance with overuse. To document the occurrence of
resistance in a population of small ruminants, fecal egg count
reduction testing (FECRT), egg hatch assays, or larval devel-
opmental testing should be performed. Stocking rates for
animal enclosures are also an important consideration when
trying to limit parasite contamination, and, in general, it is
recommended that there be no more than five to seven small
ruminants per acre.

Rotating pastures every 2 to 3 months in tropical and
subtropical climates may reduce pasture worm burdens, but
in milder climates, 8 to 12 months may be necessary to
reduce infectivity on contaminated pastures. This long dura-
tion is often not practical or possible for many rescue orga-
nizations, and so other housing strategies must be considered.
Dirt paddocks are preferable to pasture to facilitate frequent
removal of feces and prevent contamination of pastures. If
pasture housing is necessary, keeping the grass length short
can promote UV irradiation of larvae and reduce the burden
in the field. If the anthelmintic resistance status of the farm
is known, pastures may be rotated after deworming. It has
also been recommended that dewormed animals be kept off
pasture for 24 hours after anthelmintic administration to
reduce the eggs excreted onto a pasture. Because most para-
sites, especially Haemonchus contortus, seem to be specific to
a single species (that is, the H. contortus of small ruminants
does not survive well in cattle and vice versa), one viable
biosecurity tool is to recommend cograzing of species (cattle
with small ruminants, simultaneously or in tandem) in an
organization that houses multiple species. If both groups are
being dewormed appropriately, this strategy can result in
each species consuming the other’s specific parasites, thus
reducing the amount of larvae available for infection of the
target species.

Importantly, animals identified as heavily parasitized or
those without appropriately reduced burdens after deworm-
ing should be viewed as a risk to other animals on the prop-
erty. Although culling these animals would reduce the
overall worm burden on a property, this is usually not an
option and goes against the governing philosophy for most
sanctuaries and rescues. The organization should be made
aware of the fact that heavily parasitized animals are often
chronically debilitated and remain susceptible to parasitism
and secondary disease. They should be housed separately or
grouped with other animals of similar loads, both of which
can be difficult to accomplish in rescue organizations in
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which space is often limited and animal numbers frequently
high. Although these recommendations are all based on
sound reason, they can be difficult to implement when space
is a limitation, as it is with many rescue and sanctuary orga-
nizations. Further recommendations regarding anthelmintic
resistance as it pertains to small ruminants can be found in
the ACVIM consensus statement.

Johne’s disease, caused by Mycobacterium avium spp.
paratuberculosis, can be found in rescue settings as well in
production herds. Examples in our clinic include a 5-year-
old mixed breed ewe and a 10-year-old Toggenburg doe,
both of whom had clinical signs of anorexia, diarrhea, and
weight loss. Testing revealed heavy growth on Johne’s-
specific fecal culture and positive AGID and ELISA results
in the ewe, and light growth on fecal culture and positive
PCR and ELISA results in the doe. In both cases, infection
had likely occurred at a young age and shedding of the organ-
ism into the environment before detection was probable,
based on the pathophysiology of the disease. This example
highlights another instance in which testing is necessary not
only for individual patient management but also to protect
the remainder of the herd and implement biosecurity mea-
sures within the rescue. Specific recommendations regarding
clinical signs, diagnosis, and management of Johne’s disease
in individual animals, as well as in a herd, can be found in
an ACVIM consensus statement.

Although rare in any setting, be it production or sanctu-
ary, reportable diseases can occur and should be diligently
monitored for by veterinarians working with livestock,
regardless of their intended use. Examples of these condi-
tions include brucellosis, transmissible spongiform encepha-
lopathies (TSE) such as bovine spongiform encephalopathy
(BSE) in cattle and scrapie in sheep and goats, and malignant
catarrhal fever (MCF). Although testing for MCF and bru-
cellosis is relatively straightforward, TSE testing in live
animals is unusual in a production setting. The long incuba-
tion period of most TSEs means that disease can be con-
tracted early, perhaps before an animal is acquired by a
rescue organization, and it can be many years before overt
signs develop. Alternatively, atypical BSE may arise sponta-
neously with no history of previous feeding of BSE-infected
animal products in animals of advanced age. Scrapie in small
ruminants can be transmitted either from dam to offspring
in colostrum or via direct contact between animals. Clinical
signs include pruritus, behavioral changes, weight loss, lack
of coordination, or gait abnormalities. Other differentials to
consider include external parasites, toxins, or aberrant para-
site migration, namely Parelaphostrongylus tenuis.

Because the prion causing scrapie is not confined to the
intestinal lymphoid tissue and nervous system as it is with
BSE, ante mortem testing is possible in suspect cases. The
Scrapie Eradication Uniform Methods and Rules are stan-
dards that have been adopted by USDA’s Animal and Plant
Health Inspection Service (APHIS) for controlling and eradi-
cating scrapie in the United States and have application to
all groups of animals, including those cared for by rescue
organizations. Testing and identification of suspect animals
must be done by, under the supervision of or verified by an
APHIS or state representative or a USDA-accredited veteri-
narian. Live animal specimen collection often involves biopsy
of the rectal mucosa at the mucocutaneous junction between
haired and nonhaired skin of the rectum or the lymphoid
tissue of the third eyelid. Samples are placed in 10 percent
formalin and submitted for immunohistochemical testing.
Positive results must be verified by a national veterinary
services laboratory. For the complete Scrapie Eradication
Uniform Methods and Rules, as well as detailed instructions
on sample collection and submission and a list of approved
scrapie and TSE laboratories, visit www.aphis.usda.gov. All
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tested animals, regardless of result, must be permanently
identified with an official metal or tamper-resistant plastic
ear tag or another USDA-provided approved tag. Genetic
testing can also be performed on animals with compatible
clinical signs, as well as in-contact herdmates. Although this
test is not diagnostic for infection, it can identify susceptible
individuals within a flock. Once present in a flock or herd,
scrapie can be difficult to eliminate as the prion is resistant
to heat and normal cleaning processes. Because the disease
is progressive and fatal with no known treatment or cure,
eradication of positive animals is mandated by the USDA,
regardless of whether the animal is in a production setting,
rescue, or kept as a companion.

Although working with animals in rescue and sanctuaries
presents a unique set of challenges to the veterinarian, it
also allows for unique opportunities to address challenging
medical scenarios that may otherwise go untreated in a pro-
duction setting. Animals with congenital malformations,
debilitating diseases, or neoplasia, which under normal pro-
duction settings would be removed from the herd, are given
second chances by many charitable organizations. Each orga-
nization has its own set of financial limitations and philoso-
phy governing the decisions regarding treatment of an
animal’s condition, but frequently these groups provide rare
chances for veterinarians to formulate innovative solutions
to previously untreated conditions.

Some noteworthy examples of groundbreaking treatments
that have occurred in rescued or sanctuary animals in our
hospital include the treatment of B-cell lymphoma in a
large hog with the implantation of a vascular access port
and subsequent chemotherapeutic therapy, surgical excision
and radiation therapy for extrathoracic and intrathoracic
thymoma in a goat, and surgical intervention and a pros-
thetic application for a 1}5-year-old Jersey heifer. In this
latter case, the heifer was acquired by a rescue organization
at 1 year of age. After sustaining a traumatic injury to the
left carpus during calving, she developed a severe angular
limb deformity and inability to extend the limb, with the
result being that she ambulated on her carpi. Additionally,
carpal varus was present in the right limb. After acquisition
by the sanctuary, radiography under general anesthesia re-
vealed malformation and distinct absence of the distal row

of left carpal bones, which were considered partially fused
to the third and fourth metacarpal bones. Distal to the
carpus, the limb was deviated palmarly and medially, and
the soft tissue dorsal to the carpus was thickened due to
callous formation secondary to standing and walking on
the carpi. After extensive discussion regarding cost and
prognosis for function and quality of life, the sanctuary
elected to proceed with surgical correction of the deforma-
tion. The distal row of carpal bones was removed and a
block osteotomy of the third metacarpal bone performed
in order to allow for full extension of the limb. Tenotomy
of the flexor carpi ulnaris and flexor carpi radialis muscles
was performed, and arthrodesis of the proximal row of
carpal bones to the third and fourth metacarpal bone
achieved with application of a plate along the dorsal aspect
of the limb, preserving the radiocarpal joint. The limb was
cast in extension and a splint applied to the right forelimb
from just distal to the elbow extending distal to the fetlock.
After 7 months of physical therapy, cast changes, and ban-
daging, the cow was able to ambulate well on all four
limbs, although she had developed marked digital flexor
tendon laxity of both forelimbs. Under anesthesia, full limb
casts of each forelimb were made so that custom orthotic
splints (Veterinary Inclusive Prosthetics) could be created.
Multiple adjustments to the splints were made based on
measurements taken at recheck examinations. At the time
of this writing, the heifer continued to ambulate on all
four limbs.
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Fluid Therapy

SallyAnne L. Ness

(The authors and editors would like to acknowledge the previous author, Dr. Allen J. Roussel)

and electrolyte therapy, particularly in cases of surgery

of the gastrointestinal tract. Dehydration and shock
are the most important indications for rehydration, espe-
cially intravenous (IV) therapy. Failure to institute appropri-
ate fluid therapy can result in case failure, regardless of
surgical expertise.

Patients who undergo surgery often require rehydration

ESTIMATING REHYDRATION NEEDS

Maintenance fluid requirements for bovine patients are
highly variable, and depend on ambient temperature, dry-
matter intake, and lactation status. Nonlactating adult cows
in temperate conditions generally require approximately
3.5% to 5% of body weight in water daily. This is equivalent
to approximately 40 to 60 mL/kg/day, or 20 to 25 L of fluids
per day for a 500-kg animal. Lactating animals require addi-
tional water intake equivalent to 85% to 90% of their daily
milk production. Patients with ongoing losses due to diar-
rhea, fluid sequestration in the third compartment, or exces-
sive urinary losses will also require fluid replacement in
addition to maintenance requirements. Preruminant calves
have increased water requirements relative to adults and for
these patients maintenance rates of 80 to 100 mL/kg/day are
often used.

Fluid therapy in any patient should aim to 1) replace
existing deficits; 2) replace ongoing water and electrolyte
loss; and 3) meet maintenance requirements. [V fluid therapy
can be costly and is rarely indicated as the sole means of fluid
delivery; thus fluid therapy in the bovine patient often
includes a combination of 1V, intraruminal, and oral fluids.

Constable and coworkers showed that the time required
for cervical skin to return to its normal position after tenting
and the degree of eyeball recession in dehydrated prerumi-
nant calves are reasonably accurate methods to determine
the state of hydration for calves. Table 4-1, based on this
work, is a guide for estimating dehydration. Rehydration by
IV fluid administration is recommended once dehydration
reaches 8%. When skin pinched on the neck takes 6 seconds
to return to normal and an eyeball is recessed 4 mm, it
indicates the 8% dehydration point has been reached. Similar
quantitative studies of the relationship between clinical signs
and degree of dehydration for mature ruminants have not
been undertaken. In the absence of data to suggest other-
wise, the values for estimating dehydration in calves by using
skin tent is probably a reasonable guide for mature cattle.
However, emaciation can cause eyeball recession and loss
of skin turgor, thus making these tests more difficult to
interpret in cattle that have recently lost substantial weight.
The body weight of mature ruminants can change dramati-
cally based on the amount of ingesta and water in the rumen;
therefore estimates of percent dehydration measured as a
percent of body weight are probably not very accurate.
Therefore from a clinical standpoint, we predict that a cow

that is 10% dehydrated will have a normal or near-normal
hydration status if 10% of her body weight in fluids is
restored. She may still be well under her “normal” body
weight because of lack of rumen fill. On the other hand, a
cow with fore stomach distension from vagal indigestion or
carbohydrate engorgement may gain weight from fluid
sequestered in the third space compartment (inside the
rumen) during the disease process but lose significant extra-
cellular body water. Even if the hydration status of a rumi-
nant patient could be predicted with certainty, factors other
than hydration must still be considered in planning and
executing the rehydration process. At times an experienced
veterinarian can or must break the 8% rule. Sometimes
cattle with severe dehydration and normal gastrointestinal
function will recover uneventfully with only oral or intraru-
minal rehydration or with a combination of intraruminal
rehydration and a small amount of fluids administered intra-
venously. In these cases, breaking the rule saves substantial
time and expense. However, endotoxemic or hypovolemic
cattle or those in shock—with only mild or moderate
dehydration—should receive IV fluids. Acute strangulating
gastrointestinal disease and acute mastitis are examples of
conditions that result in this situation. Rapidly correcting
or preventing shock is particularly important if a standing
surgical procedure is planned. Finally, patients with fatty
liver, chronic or refractory ketosis, and pregnancy toxemia
may benefit from IV glucose therapy regardless of hydration
status.

A flow rate of less than 80 mL/kg/h has been recom-
mended for calves because of studies of central venous pres-
sure in clinically dehydrated calves. Similar studies have
not been performed to determine the maximum safe flow
rate in mature cattle or small ruminants. However, signifi-
cant elevation in central venous pressure occurred when
approximately 40 mL/kg/h of an isotonic crystalloid was
administered intravenously to dehydrated cattle with experi-
mentally induced intestinal obstruction, even though no
clinical signs were observed. Although this is a much slower
flow rate than the maximal flow rate recommended for calves
(80 mL/kg/h) and dogs (90 mL/kg/h), a 20 L/h total flow
rate for an average dairy cow is a volume difficult to achieve
with a single 14-gauge IV catheter. Therefore in most situa-
tions, IV fluids can be administered to mature cattle through
a 14-gauge catheter as quickly as they will flow. Exceptions
include cattle with heart disease, oliguric renal failure, or
hypoproteinemia and those in recumbency.

A significant energy penalty is incurred if fluids are intra-
venously administered cold and must be warmed by the
patient, especially neonates. Commercially prepared solu-
tions ideally should be used. However, optimal solutions for
many ruminant conditions are not readily available in some
countries. In those cases, sterilizing locally prepared fluids is
recommended. All of the usual components of solutions for
cattle can be heat sterilized except sodium bicarbonate,
which must be filtered. Alternatively, sterile distilled water
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Table  4-1

Guide for Estimating Dehydration of Calves
% DEHYDRATION 0 2 4 6 8 10 12 14

Eyeball recession (mm) o1 2 3 4 6 7
Skin-tent duration (seconds) 2 3 4 5 6 7 8 9

and reagent-grade salts can be used to formulate solutions.
Contamination should be carefully avoided during and after
preparation and solutions should be used immediately after
they are made. Bacteria can be eliminated by autoclaving,
but heat-stable endotoxins and pyrogens may be present in
rural and municipal tap water. Therefore the use of pyrogen-
free water is important.

CHOICE OF SOLUTION

Ideally, a rehydration solution is formulated after determin-
ing the individual patient’s needs by laboratory evaluation.
However, this is usually not practical or necessary. In general,
ruminants, especially cattle, have rather consistent acid-base
and electrolyte abnormalities associated with particular dis-
eases, especially surgical diseases. The following data illus-
trate that alkalinizing solutions are not indicated in most sick
cattle, especially those with surgical diseases.

In a study of over 500 cattle older than 1 month of
age, blood gas and electrolyte determinations were made
from patient venous blood samples. Dehydrated cattle were
about twice as likely to have metabolic alkalosis as meta-
bolic acidosis. If cattle with three diseases that are
easily recognized (pneumonia, carbohydrate engorgement,
and diarrhea) were excluded, only 16% of dehydrated cattle
had metabolic acidosis. About 20% of the dehydrated cattle
were hyponatremic or hypokalemic, whereas over 40%
were hypochloremic. In another study of 350 sick cattle,
approximately 60% had pH values within the reference
range. However, many had compensated acidosis or alkalosis.
About 53% had abnormally elevated concentrations of
HCO;, whereas about 10% had decreased HCO; concentra-
tions. The only conditions of mature cattle in which meta-
bolic acidosis was more common than metabolic alkalosis
were carbohydrate engorgement, urinary tract disease, acute
small intestine strangulation/obstruction (torsion of the
root of the mesentery, intestinal volvulus, etc.), and enteritis/
diarrhea. Cattle with abomasal displacement or volvulus,
vagal indigestion, cecal displacement, or torsion and (in
our study and experience) intussusception are usually
alkalotic.

Fluid Therapy in Cattle with

Metabolic Acidosis

Although relatively few in number, those conditions in cattle
that are consistently associated with acidosis in ruminants
are important to remember. Acidosis is the norm for calves
with diarrhea and dehydration but not for other sick calves
such as those requiring surgery for umbilical masses, frac-
tured limbs, or gastrointestinal diseases. Calves with aboma-
sal and intestinal surgical diseases are similar to mature
cattle in their metabolic abnormalities. The most consistent
causes of acidosis in cattle older than 1 month of age include
carbohydrate engorgement and choke or dysphagia. Carbo-
hydrate engorgement results in systemic acidosis because
large amounts of volatile fatty acids and lactic acid are

produced by bacterial fermentation. Both D- and L-lactic
acid are produced, but only the L isomer is efficiently metab-
olized by mammalian tissues. Choke or other causes of sali-
vary loss also cause acidosis because ruminant saliva is rich
in bicarbonate. Diarrhea, fatty-liver disease, severe ketosis,
and urinary-tract disease are relatively common diseases that
have the potential to cause serious acidosis. In the author’s
experience, cattle and small ruminants with urethral
obstruction or uroperitoneum are unpredictable in their
acid-base and electrolyte status. Some diseases usually asso-
ciated with alkalosis may be accompanied by acidosis in their
later stages. These include abomasal volvulus, intussuscep-
tion, and other intestinal obstructions.

Alkalinizing Solutions

Bicarbonate or metabolizable bases in alkalinizing solutions
results in a hydrogen ion being consumed. This means the
strong ion difference is increased. Lactate, acetate, gluco-
nate, and citrate are some of the metabolizable bases com-
monly used to treat acidosis. Research has shown that simply
restoring extracellular fluid volume is insufficient to rapidly
correct acidosis in calves with naturally occurring diarrhea.
Sodium bicarbonate is the most economical and readily
available alkalinizing agent. However, it cannot be heat ster-
ilized and forms an insoluble compound if used in solutions
that contain calcium.

Alternative alkalinizing agents offer advantages and dis-
advantages. Lactate is probably the most widely used alkalin-
izing agent in veterinary medicine in the United States.
Commercial preparations of lactated Ringer’s solution con-
tain racemic mixtures of D- and L-lactate. Only the L-isomer
is metabolized efficiently, whereas most of the D-isomer is
excreted unchanged in the urine. Therefore the racemic
mixture has only about half the alkalinizing potential of an
equimolar amount of the L-isomer. Unlike lactate, acetate is
metabolized by peripheral tissues (not just the liver), has no
significant endogenous source, and has no unmetabolized
isomer. Citrate is used in some oral-rehydration—solution
products, but its calcium-chelating properties preclude its
inclusion in solutions for IV administration. Gluconate, an
alkalinizing agent used in combination with acetate in
commercially prepared solutions for IV administration to
humans, dogs, and horses, is ineffective as an alkalinizing
agent in calves. Widespread dire warnings in the veterinary
and medical literature about the dangers of rapid adminis-
tration of sodium-bicarbonate solution appear to be based
on scant evidence and unfounded in cattle practice. Much
anecdotal experience and a recent research report suggest
that rapid correction of acidosis in cattle is usually without
the complication of cerebrospinal-fluid acidosis. A study
comparing intravenous hypertonic-saline solution to hyper-
tonic bicarbonate solution in neonatal diarrheic calves found
that hypertonic saline (5.85%; 5 mL/kg of body weight
administered intravenously over 4 minutes) was appropriate
for improving the hydration status within the first week of
life in calves with slight-to-moderate metabolic acidosis
(base excess =10 mM), whereas hypertonic bicarbonate
solution (8.4%; 10 mL/kg body weight administered intra-
venously over 8 minutes) was useful for calves more than
1 week old with more severe metabolic acidosis (base
excess -10 to -20 mM). In this study, both treatments were
immediately followed by oral administration of 3 L of iso-
tonic electrolyte solution and hypertonic bicarbonate solu-
tion was not recommended for calves with concurrent
pulmonary disease due to impaired removal of CO, by the
respiratory system.

When administering oral alkalinizing solutions to diar-
rheic calves, electrolyte solutions containing a high bicarbon-
ate concentration (>70 mM) is not recommended, because



the resulting sustained abomasal alkalinization may encourage
growth of enteropathogenic bacteria. In these patients, iso-
tonic electrolyte solutions containing the alkalinizing agents
acetate or propionate may be more appropriate.

Calculating Base Deficit
Total base replacement needs for mature cattle are calculated
by the following formula:

BD x 0.3 x BW = Base required

BD is base deficit in mEq/L, 0.3 is a conversion factor
for extracellular water or the “bicarbonate space,” and BW
is body weight in kilograms (which is equivalent to liters of
water). The base required is expressed as total mEq of base.
Because a larger percent of body weight in neonates is extra-
cellular water than in mature cattle, a 0.6 conversion factor
is used for calves instead of 0.3.

When the acid-base status cannot be measured but aci-
dosis is suspected based on the diagnosis, the veterinarian
can correct for a base deficit of 10 mEq/L without substan-
tial risk. Calculating the total base deficit in a 500-kg cow
yields the following:

10 mEq/L x 0.3x 500 kg =1500 mEq

When sodium bicarbonate is the chosen alkalinizing agent,
one divides the total milliequivalents derived in the formula
by 12, the approximate number of milliequivalents of HCO;-
contained in 1 g of sodium bicarbonate, to arrive at 125 g,
the calculated replacement needs. Because approximately
13 g of sodium bicarbonate dissolved in enough water to
make 1L of solution is isotonic, it would require just
under 10 L of isotonic (1.3%) sodium bicarbonate solution
to correct a BD of 10 mEq/L in this cow. Therefore about
10 L of isotonic sodium bicarbonate solution, or 125 g of
sodium bicarbonate, is needed empirically to treat moderate
acidosis in an average-sized cow.

Electrolyte Needs

Although acidosis is often accompanied by hyperkalemia,
potassium moves from the intracellular to the extracellular
compartment during acidosis and much is excreted in the
urine; therefore a total body potassium deficit may exist.
Serious hypokalemia may result when potassium moves
from the extracellular to the intracellular compartment
while acidosis is being corrected. For this reason, potassium
should be included in alkalinizing fluids or should follow
immediately after correction of acidosis. A moderate concen-
tration of 10 mEq of K*/L is safe for hyperkalemic acidotic
cattle, even at the 20 L/h rate, if it is administered simulta-
neously with bicarbonate. If possible, additional potassium
should be supplied orally or intravenously after the acidosis
is corrected.

Some cattle with acidosis, especially those with carbohy-
drate engorgement, are hypocalcemic. Because acidosis
causes a relative increase in ionized calcium, clinical signs of
hypocalcemia may not appear until the acidosis is corrected.
Because all patients, especially those with acidosis, that
receive IV calcium therapy may develop potentially fatal
cardiotoxicity, they should be monitored very closely. Sub-
cutaneous or oral administration is certainly safer than IV
administration.

Small ruminants suffering from obstructive urolithiasis
and presenting with hyperkalemia and azotemia often ben-
efit from fluids containing glucose or glucose/insulin as part
of their preoperative stabilizaton. These patients rarely dis-
play profound acid-base derangements; one study of 108
goats with urolithiasis found 44.8% had mild to moderate
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metabolic alkalosis whereas 10% had mild-to-moderate met-
abolic acidosis.

Summary

In summary, neonatal diarrheic ruminants commonly suffer
from metabolic acidosis. Clinically important is the fact that
metabolic acidosis is not common in mature ruminants
except in those with specific diseases. Calves—and perhaps
other ruminants—should receive alkalinizing therapy when
they have moderate or severe acidosis. Bicarbonate is the
most efficient IV alkalinizing agent, but lactate and acetate
are also effective. In acidotic calves, oral electrolyte solutions
containing acetate or propionate may be more appropriate
alkalinizing agents than those containing bicarbonate.

FLUID THERAPY IN CATTLE WITHOUT
METABOLIC ACIDOSIS

Alkalosis is treated by providing extracellular anions in rela-
tive excess to cations. The strong ion-difference theory
explains how this works: administering a relative excess of
chloride ions increases the amount of plasma strong ions and
reduces the strong- ion difference, thereby acidifying the
extracellular fluid. In practice, this is accomplished with
chloride-rich, potassium-rich solutions. Given adequate cir-
culatory volume and plasma electrolytes, the kidneys can
usually correct the alkalosis. Numerous surgical and non-
surgical conditions can result in significant metabolic alkalo-
sis, including vagal indigestion, abomasal displacement or
volvulus, traumatic reticulitis, abomasal ulcer disease, peri-
tonitis, renal disease, and almost any condition that results
in anorexia and gastrointestinal stasis. Hypochloremia and
hypokalemia often accompany metabolic alkalosis in cattle.
For efficient renal correction of metabolic alkalosis and pre-
vention of recurrence, replacing sodium, chloride, and potas-
sium, as well as extracellular fluid volume, is necessary.

Nonalkalinizing Solutions

For large volume replacement, isotonic or nearly isotonic
solutions are used. Sodium chloride (0.9%) solution or Ring-
er’s solution (not lactated Ringer’s) is a good base solution.
Potassium chloride should be added to either solution at a
rate of 20 to 40 mEq/L. For ease of calculation, one can
remember that 1 g of potassium chloride contains about
14 mEq of potassium ion. Therefore 2 g of potassium
chloride/L yields 28 mEq/L, a reasonable concentration for
most cattle without acidosis. Oral potassium supplementa-
tion should be provided as well because safely administering
adequate IV potassium replacement is often difficult. A
recent study by Constable et al evaluating oral potassium
chloride administration to hypokalemic, hypochloremic,
alkalemic lactating dairy cows found that administering
a 24-h oral potassium chloride dose of 0.4 g/kg of body
weight divided into two or more doses not only corrected
electrolyte and acid-base derangements but also decreased
peripheral fat mobilization. Surgical diseases, such as aboma-
sal displacement or volvulus, often occur in dairy cattle in
early lactation and risk for metabolic disease such as ketosis
or hypocalcemia is great. Therefore including glucose and/or
calcium in intravenously administered solutions is often
desirable.

A 5% glucose solution can be administered at a slow IV
rate for several days. It is usually preferable to infuse 2.5%
to 5% glucose in 0.45% to 0.9% sodium chloride or other
electrolyte solution. The veterinarian should base his or
her decision on the relative energy, electrolyte, and fluid
volume needs of the patient. Using hypertonic solutions of
550 mOsm/L or less has not caused adverse clinical effects
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Box ¢ 4-1

Ruminant Electrolyte Solution

NacCl 140 g
KCl 25¢g
CaCl, or 1049
23% Calcium Gluconate 500 mL
Water gs to 20 L

in our hospital when electrolytes contribute 350 mOsm/L
or less of the total osmolality with glucose contributing to
the balance. Urine glucose is monitored so that the flow rate
can be adjusted to minimize glucosuria. A minidrip admin-
istration set can be used to administer 50% glucose as an
alternative to large-volume isotonic glucose therapy.

Calcium may be added to solutions for IV administra-
tion. Ringer’s solution contains 5 mEq of calcium/L. Not
only is calcium necessary for skeletal-muscle contraction
and neuronal function and as an intracellular messenger for
countless cellular processes, it is also essential for gastroin-
testinal smooth-muscle contractility. Calcium homeostasis
is precariously balanced in postpartum dairy cattle and is
particularly important in cattle that require surgery for gas-
trointestinal disease. Consequently, inclusion of calcium is
recommended in all fluids administered intravenously to
lactating dairy cows unless calcium supplementation has
been administered within the previous 12 hours. As a rule
of thumb, 500 mL of a commercial calcium borogluconate
solution may be added to 20 L of solution for IV admin-
istration. Alternatively, 10 g of calcium chloride may be
substituted.

A solution has been formulated and administered in our
hospital by the intraruminal and IV routes (Box 4-1). It is
prepared by adding reagent-grade electrolytes to filtered,
deionized water for IV administration or feed-grade electro-
lytes to tap water for intraruminal administration. This solu-
tion is superior to calf oral rehydration solution, which
usually contains unneeded alkalinzing agents and glucose
and is rapidly metabolized by ruminal microbes. Calf oral
rehydration solution is also relatively expensive in compari-
son to alternative homemade solutions.

Hypertonic Saline Solution

The merit of hypertonic-saline solution combined with
intraruminal water or rehydration solution has been docu-
mented and offers another option for rehydration. The
usual dose is 4 to 5 mL of hypertonic-saline (2400 mOs/L)
solution/kg body weight administered intravenously over 5
minutes and 20 L of water administered orally. Water should
be pumped into the rumen of cattle treated with hypertonic
saline if they do not drink when allowed access to water. If
electrolytes other than sodium and chloride are required,
they should be added to the oral fluids. Hypertonic oral
fluids (>300 mOs/L) should not be administered to calves,
as they decrease abomasal emptying rate relative to isotonic
electrolyte solutions, with profound inhibition of emptying
occurring when solutions of >600 mOs/L are administered.
In a study performed by Leah et al, diarrheic calves treated
with IV hypertonic saline followed by isotonic oral electro-
lyte solution displayed a more rapid improvement in hydra-
tion status than those treated with isotonic oral-electrolyte
solution alone. In that same study, calves treated with IV
hypertonic saline alone continued to display signs of dehy-
dration and metabolic acidosis at 24 hours posttreatment.

Summary

In summary, replacement electrolyte solutions for IV admin-
istration to cows with normal acid-base status or metabolic
alkalosis should contain approximately 300 to 500 mOsm/L.
The solution should contain sodium (135-155 mEq/L),
chloride (150-170 mEq/L), and potassium (10-20 mEq/L).
Lesser concentrations of electrolytes may be included if
glucose is added to the solution. In dairy cows, calcium
borogluconate (5-8 g/L) or calcium chloride (0.5 g/L) should
be added. Cattle with ketosis, fatty liver, or negative
energy balance may benefit by adding 10 to 50 g/L glucose.
Hypertonic-saline (2400 mOs/L) solution administered at a
dose of 4 to 5 mL/kg body weight intravenously and accom-
panied by intraruminal fluid is an alternative to large-volume
IV isotonic fluid therapy.

EQUIPMENT AND TECHNIQUES

Although IV administration is sometimes essential, the time
and supply costs for complete rehydration of mature cattle
with isotonic electrolyte solution is great. Fortunately, the
rumen provides a large reservoir that may allow reduction of
the cost and time for administrating large volumes of fluids.
In many cases, a combination of IV and intraruminal admin-
istration provides the optimal cost-benefit balance.

Intraruminal Administration

Intraruminal administration may be accomplished by using
a Frick speculum and orogastric tube, a nasogastric tube, or
aspecially designed cattle-pump system with a self-retraining
flexible esophageal probe.' Nasogastric intubation is proba-
bly the least stressful technique in mature cattle, although
it requires a bit more finesse and a smaller tube than orogas-
tric intubation requires. The pump system is the quickest
and most efficient technique, but it is also the method most
likely to lead to complications if care is not taken. The oral-
pump-system flow rate must be moderated in some cattle,
especially very sick ones, to avoid regurgitation and aspira-
tion. In hospital pens or veterinary clinics, gravity flow
devices can be constructed to facilitate oral-fluid administra-
tion. Special attention should be paid to cows suffering from
endotoxemia, alkalemia, hyperinsulinemia, hyperglycemia,
and/or hypokalemia, as these systemic conditions are associ-
ated with altered abomasal emptying and may affect fluid
absorption and transit through the gastrointestinal tract.

IV Administration

The jugular vein is most commonly used for IV administra-
tion in adult cattle and is also the most useful for administer-
ing large volumes very rapidly. However, the auricular vein
is quite satisfactory for longer-term administration (Figure
4-1). It provides easy accessibility and seemingly tends to
have less catheter failure (accidental removal, kinking, or
clotting). Besides fluids, other medications can also be easily
administered via an auricular vein catheter. A 14-gauge cath-
eter can usually be inserted in an auricular vein of a mature
cow. Flow rates greater than 7.5 L/h have been achieved
with a 14-gauge catheter in the auricular vein. Auricular-
vein catheters have been maintained for more than 96 hours
with heparinized saline flushed just twice daily. Tape secured
around the chest just behind the elbows and/or around the
ears (Figure 4-2) can be used to secure fluid lines to the
patient and prevent them from tangling, detaching, or break-
ing when the cow moves about the stall. The neck and/or ear
may also be wrapped to prevent catheter damage.

'"Magrath Cattle Pump System, Magrath Manufacturing Co,
McCook, NE, USA.



Figure 4-1 Proper site to place auricular-vein catheter in the
ear of a cow. Note that, so as to avoid a kink, the vein is entered
distally so the tip is at least 3 cm from the base of the ear when
the entire catheter is inserted.
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CHAPTER 5

Sedation, General Anesthesia, and Analgesia

Jordyn M. Boesch and Luis Campoy

PREPARATION FOR SEDATION OR
GENERAL ANESTHESIA IN
FARM ANIMALS

Preparation of the Patient

A complete history should be taken before sedating or anes-
thetizing a farm animal. This should include details about
the chief complaint(s) as well as any comorbidities, medica-
tion history, previous sedation/general anesthesia/surgery
(including anesthetic drugs administered and any complica-
tions), and, if the patient is a breeding female, pregnancy
status and/or dates of important events in the reproductive
cycle (e.g., breeding, freshening, parturition).

A complete physical examination should be performed
by the anesthetist, especially in a patient with a history
of systemic illness. Particular attention should be paid to
the cardiopulmonary system: vital signs, mentation, mucous
membrane color, capillary refill time, degree of dehydration,
auscultation over all four heart valves, heart rhythm, lung
sounds over all fields, pulse quality, and synchronicity with
heartbeat. Pain is considered a vital sign, and the anesthetist
should evaluate each patient for the presence/severity of
pain. Some farm animal patients can be difficult to handle
without some degree of chemical restraint, in which case the
owner should be cautioned about the risk of administering
anesthetic drugs without being able to perform a physical
examination.

Fasting before elective general anesthesia reduces the
volume of rumen contents. This reduces pressure on the
diaphragm that can impair ventilation. It also decreases
the risk of passive regurgitation and subsequent aspiration
and rumen tympany. Although regurgitation can still occur,
the volume of regurgitated ingesta is usually far less. Adult
cattle should be fasted for 18 to 24 hours; water should be
withheld for 6 to 8 hours. Young ruminating cattle and small
ruminants should be fasted for 12 hours before general anes-
thesia; water deprivation is unnecessary. Swine should be
fasted for 6-8 hours; water need not be withheld. Nursing
farm animals, which are essentially monogastric animals,
require minimal fasting (2-4 hours). Emergent anesthesia
precludes fasting.

The necessity of preanesthetic blood work in patients that
appear healthy based on history and physical examination is
controversial. Obtaining packed cell volume (PCV) and con-
centrations of total solids (TS) and creatinine rules out major
problems that should be addressed before induction and
helps guide fluid therapy during anesthesia. Blood glucose
(BG) concentration should be obtained in pediatric patients.
Further laboratory work may be necessary in more compli-
cated cases. A blood sample should be collected (before
administering IV fluids) in systemically ill patients undergo-
ing emergent general anesthesia to evaluate, at minimum,
PCV, TS, acid-base status (including lactate concentration),
and concentrations of creatinine, electrolytes (that is, Na*,
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K", CI', ionized Ca™), and BG. A point-of-care analyzer such
as the i-STAT 1' or the Stat Profile Critical Care Xpress® is
useful for obtaining many of these values (Figure 5-1A4 and
B). A complete discussion of acid-base physiology is beyond
the scope of this chapter, but any clinician dealing with criti-
cally ill farm animal patients should have at least a basic
understanding of this topic. A venous sample can be used
for preanesthetic assessment of acid-base status, but only
an arterial blood sample can be used to evaluate oxygen
exchange in the lungs (that is, arterial partial pressure of
oxygen). This may be important in farm animal patients
suffering from diseases such as pneumonia.

Systemically ill patients requiring emergent general anes-
thesia should be stabilized before general anesthesia. Com-
plete stabilization may not be possible, but correction of fluid,
acid-base, electrolyte, and BG derangements and transfusion
of blood products should at least begin before induction.

Preparation of Facility and Equipment/Supplies

Farm animal patients may be sedated or anesthetized in a
hospital (in a dedicated area or in their stalls) or in the field.
In practices that sedate/anesthetize a large number of farm
animals in house, it can be helpful to designate a separate
area for this purpose, if possible, that can be set up ahead of
time with commonly used supplies (Figure 5-2). This area
should be cleaned and disinfected between patients to help
prevent transmission of infectious diseases. A quiet site will
minimize sympathetic tone that can override drug-induced
central nervous system depression and prevent distraction of
the anesthetist that could cause anesthetic errors. If a stand-
ing procedure is to be performed (with or without sedation),
a level, nonslip surface is essential. If recumbent sedation is
to be performed, the patient should never be placed on a
hard surface, which increases the risk of myoneuropathy,
especially in large, heavy patients like adult cattle. Grass or
a deeply bedded stall is a reasonable option in the field; shav-
ings and straw can be aspirated and should be kept away
from the patient’s nose and mouth. An escape route for any
people involved in the case should be readily accessible when
dealing with large and/or fractious animals and should
not be blocked by equipment or other obstacles. The area
selected should be devoid of anything that might endanger
human or patient safety, such as sharp objects or holes in the
floor.

Adequate preparation of equipment and supplies before
sedation or general anesthesia is very important, particularly
in patients undergoing heavy sedation or general anesthesia
or systemically ill patients. This includes, but may not be
limited to, items needed for securing the patient’s airway;

'WetScan i-STAT 1 Handheld Analyzer, Abaxis, Union City, CA
94587, USA.

“Stat Profile Critical Care Xpress, NOVA Biomedical, Waltham,
MA 02454, USA.
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Figure 5-1 A, The VetScan i-STAT 1 Handheld Analyzer.
B, The Stat Profile Critical Care Xpress.

providing positive pressure ventilation; supplementing oxy-
gen; establishing IV access; administering emergency drugs;
monitoring the patient; and providing thermal support. The
precise items that may be needed will vary with the case.
Emergency doses of epinephrine, atropine, and lidocaine
should be calculated before sedation or general anesthesia.
Somewhat arbitrarily, a pediatric circle system has been
recommended for patients weighing 7 to 10 kg, and an adult
circle system has been recommended for patients weighing
>10 to 136 kg (Figure 5-3). A large animal circle rebreathing
system is used for patients weighing >136 kg (Figure 5-4A
and B). A reservoir bag that holds three times the patient’s
tidal volume should be selected. Improperly checking anes-
thesia equipment before use can result in patient injury or
death. In 1993 a preanesthesia checkout was developed by
the FDA. In 2008 the American Society of Anesthesiologists
(ASA) published new guidelines on items that should be
checked before anesthesia. Although it is beyond the scope

Sedation, General Anesthesia, and Analgesia 61

Figure 5-2 A surgery suite designated for induction of
general anesthesia in farm animals. Note the anesthesia
machine with ventilator and roller cart with multiple drawers
for supplies.

A

Figure 5-3 An anesthesia machine (Narkomed GS, North
American Drager) for patients weighing <136 kg. Pediatric or
standard adult hoses can be used on this machine.

of this chapter to discuss the preanesthesia checkout in
detail, veterinarians are strongly encouraged to consult these
references and use them as a template for developing check-
out procedures that are appropriate for each individual anes-
thesia machine design and practice setting.

It is important to have a discussion with the patient’s
owner before the procedure about the risks of sedation and
general anesthesia and whether resuscitation should be
attempted if the patient suffers cardiac arrest.
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Figure 5-4 (A), Large-animal control center (North American
Drager). (B), The Tafonius (Hallowell EMC) large-animal anes-
thesia machine. This machine can also be used with standard
adult hoses for patients weighing 50-136 kg.

SEDATION OF FARM ANIMALS

General Considerations

Farm animal patients may be sedated for diagnostic or
routine husbandry/surgical procedures, or they may receive
sedative/analgesic drugs for IV catheter placement, after
which general anesthesia may be induced via the catheter.
Sedative/analgesic drugs can also be administered IV just
before induction of general anesthesia (covered in Induction
and Intubation).

IV catheters are not necessarily required for short, minor
procedures in lightly sedated farm animals. IV catheteriza-
tion are recommended in heavily sedated patients, systemi-
cally unhealthy patients, or patients in which it might be
difficult to rapidly achieve venous access in an emergency
(e.g., swine).

Monitoring and supportive care delivered during sedation
depend on many factors, particularly the health of the
patient. The sedated patient should be monitored closely for
mucous membrane color, capillary refill time, heart rate/
rhythm, respiratory rate/depth/character, pulse quality, and
synchronicity with heartbeat. Placing a pulse oximeter is
recommended if possible, because hypoxemia is common in
sedated farm animals, particularly in lateral or dorsal recum-
bency. Oxygen supplementation (e.g., by facemask or intra-
nasal administration) may be necessary (Figure 5-54 and B).
An oxygen concentrator is very useful for field anesthesia and
can deliver 3 to 5 L/min. The clinician should be prepared
to intubate and ventilate (e.g., using an anesthesia machine
or Ambu bag) with supplemental oxygen in case of emer-
gency. The necessity of other monitoring is dictated by the
individual case.

The recumbent ruminant or camelid should be kept in
sternal recumbency whenever possible to facilitate ventila-
tion and decrease the risk of regurgitation and aspiration.
If lateral recumbency or dorsal recumbency is necessary,
the patient should be positioned as described for general
anesthesia. In all cases, locoregional anesthesia should be
used for painful procedures.

Cattle

Cattle are usually sedated with an alpha-2 agonist, most
commonly xylazine but occasionally detomidine. The other
alpha-2 agonists are not yet routinely used in this species.
The alpha-2 agonists have physiologic effects in cattle similar
to those in other species, including sedation, analgesia, initial
hypertension and reflex bradycardia followed by hypotension
and bradycardia, decreased cardiac output, decreased gastro-
intestinal motility, interference with the effects of antidi-
uretic hormone and production of a large volume of dilute
urine, hypoinsulinemia and hyperglycemia, increased uterine
contractility, and decreased uterine blood flow. They should
be used at the lowest possible doses or avoided in cardiovas-
cularly compromised patients. Although concern has been
expressed about administration to pregnant cattle, xylazine
does not appear to result in abortions. Until further work is
done on the effects on the calf in utero, these drugs should
be used with caution in pregnant cattle.

Cattle require about one tenth of the xylazine dose that
horses do, whereas the detomidine dose is similar to that
used in horses (Table 5-1); note that the lower end of the
dose range should be used in quiet cattle, whereas the higher
end is recommended for very anxious/fractious cattle. As a
general rule of thumb, the intramuscular (IM) dose is twice
the IV dose. IV administration results in faster onset (within
2-3 minutes) and deeper sedation of shorter duration than
IM administration. The relatively fast onset when adminis-
tered IV allows the clinician to administer an initial low dose
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Figure 5-5 Methods of oxygen supplementation in sedated
farm animals in a hospital setting. (A), An oxygen flowmeter
connected to the hospital’s piped distribution system at a wall
outlet. Plastic connecting tubing delivers oxygen to the patient
and can be adapted to a stallion catheter (pictured) or red
rubber tube for intranasal oxygen administration or to a face
mask. (B), An E-cylinder with oxygen flowmeter on a dolly that
can be transported through a hospital to a patient’s stall.

and then administer additional low doses to achieve the
desired degree of sedation. Titrating the dose in this way also
minimizes adverse effects. Sublingual detomidine (80 mcg/
kg) has been used to sedate calves for cornual nerve block
and dehorning, although peak sedation only occurred 40
minutes after administration. Cattle sedated with an alpha-2
agonist alone generally only tolerate uncomfortable or mildly
painful procedures. An opioid such as butorphanol (0.02 to
0.05 mg/kg IV) or morphine (0.05 to 0.2 mg/kg IV) can be
administered to improve sedation and analgesia and to
decrease the dose of alpha-2 agonist needed. Morphine is
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Table o 5-1

Recommended IV Doses of Xylazine and
Detomidine in Cattle*

DRUG DOSE

DESIRED EFFECT

Xylazine 0.01-0.05 mg/kg Standing sedation with

low risk of recumbency
Recumbent sedation

Standing sedation with
low risk of recumbency

Xylazine 0.05-0.1 mg/kg

Detomidine 0.002-0.015 mg/kg

*Modified from: Abrahamsen EJ: Chemical restraint and injectable
anesthesia of ruminants, Vet Clin Food Anim 29:209-227, 2013.

recommended for moderate to severe pain. The addition of
a small dose of ketamine to the alpha-2 agonist/opioid com-
bination discussed in this section (known as the “ketamine
stun”) can dramatically improve analgesia and patient coop-
eration during husbandry/surgical procedures, particularly if
also combined with locoregional anesthesia (Table 5-2). This
technique is effective and inexpensive. Mild vocalization and
movement should be expected. For aggressive cattle, xyla-
zine (0.05 to 0.1 mg/kg) and ketamine (2 mg/kg) IM can be
administered to produce recumbency and permit mildly
painful procedures. If IV access is available, xylazine (0.025
to 0.03 mg/kg) can be administered first; ketamine (1 mg/
kg) is given once the animal becomes recumbent. Calves less
than 4 weeks old can be sedated with a benzodiazepine
(midazolam, 0.05 to 0.1 mg/kg or diazepam 0.1 to 0.2 mg/
kg IV) instead of an alpha-2 agonist, avoiding the cardiovas-
cular side effects of the latter class of drugs.

An alpha-2 antagonist (yohimbine 0.125 to 0.2 mg/kg,
tolazoline 0.2 to 2 mg/kg, or atipamezole 0.003 to 0.03 mg/
kg) can be used to pharmacologically reverse xylazine or
detomidine, if necessary, at the end of a procedure. Antago-
nists will also eliminate analgesia produced by alpha-2 ago-
nists, so the minimum amount necessary should be given.
One strategy involves giving 25% to 50% of the calculated
dose initially, then redose as needed. IM rather than IV
administration (except in emergency situations) is recom-
mended to prevent cardiovascular, gastrointestinal, and
central nervous system side effects.

Sheep and Goats

Sheep and goats can be lightly sedated using an opioid (e.g.,
morphine 0.1 mg/kg or butorphanol 0.05 to 0.1) plus a ben-
zodiazepine (midazolam 0.1 to 0.2 mg/kg IV or IM or diaz-
epam 0.25 to 0.5 mg/kg IV). (Diazepam formulations
contain the solubilizing agent propylene glycol, which is very
irritating to muscle, so diazepam should not be given IM.)
The combination of an opioid and benzodiazepine is an
appropriate choice for critically ill sheep and goats. All
alpha-2 agonists can cause hypoxemia in sheep and goats,
particularly when administered IV, because of alveolar hem-
orrhage and pulmonary edema. This occurs within minutes
of an IV dose and appears to have both hydrostatic (pulmo-
nary hypertension) and permeability (activation of a popula-
tion of cells called pulmonary intravascular macrophages)
origins. Pulmonary intravascular macrophage activation has
been correlated with production of vasoactive and cytotoxic
inflammatory mediators. Extensive damage to the capillary
endothelial and alveolar type I cells has been documented.
Although these changes are mostly resolved within 12 hours
and great individual variation exists, this class of drugs must
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Table e 5-2

Doses for the “Ketamine Stun” Technique*

DRUG COMBINATION DOSE (mg/kg) ROUTE STANDING VS. RECUMBENT ONSET DURATION
Xylazine + 0.025 \% Recumbent 1 min or less 15 min
butorphanol or morphine + 0.02-0.05 or 0.05-0.2

ketamine 0.25-0.5

Xylazine + 0.05 IMor SQ  Recumbent 10 min or less  30-45 min
butorphanol + 0.025

ketamine 0.1

Xylazine + 0.02-0.0275 + Y Standing 2-3 min 15 min
butorphanol or morphine + 0.02-0.1 or 0.05-0.2

ketamine (after xylazine/opioid) 0.05-0.1 slow, to effect <1 min

Xylazine + 0.02 IM or SQ  Standing 10 min or less  60-90 min
butorphanol or morphine + 0.01 or 0.05

ketamine 0.04

*Adapted from: Abrahamsen EJ: Chemical restraint and injectable anesthesia of ruminants, Vet Clin Food Anim 29:209-227, 2013.

be used with extreme caution or avoided in sheep and goats.
Low doses administered IM (e.g., 0.05 mg/kg xylazine or 2
to 3 mcg/kg medetomidine) or as a constant rate infusion
(CRI) without a loading dose appear to be safer. Other car-
diovascular effects (i.e., bradycardia, increased followed by
decreased arterial blood pressure, decreased cardiac output)
are similar to those in other species. A low dose of ketamine
(ketamine stun) as described in cattle can also be used
(see Table 5-2); the ketamine is added to an opioid and
benzodiazepine.

Swine

Acepromazine, a phenothiazine tranquilizer, has been used
at 0.11-0.44 mg/kg IM to facilitate nonpainful procedures
such as physical examination. However, swine may rouse and
resist if a painful procedure is attempted. It is not approved
for use in swine. The most significant cardiovascular side
effect is dose-dependent vasodilation and decreased arterial
blood pressure. Azaperone (Stresnil), a butyrophenone tran-
quilizer that was approved for use in swine, is currently only
available in the United States through the compounding
pharmacy Zoopharm. The dose is 0.5-2.2 mg/kg IM; doses
higher than 1.0 mg/kg are not recommended in mature
boars due to the risk of priapism. Azaperone also decreases
arterial blood pressure. Acepromazine and azaperone do not
provide analgesia. Innovar-Vet (fentanyl-droperidol) is no
longer available in the United States. Benzodiazepines,
although usually combined with other drugs, can also be
administered alone to sedate pigs. Midazolam and diazepam
are most commonly used in the United States. Diazepam
contains propylene glycol and thus should not be given IM.
Midazolam may be given IM, IV, orally (PO), or intranasally.
A dose of 0.5 mg/kg IM was determined to be ideal for seda-
tion in one study. The author has used 0.1 to 0.2 mg/kg PO
to produce mild to moderate sedation in large swine. The
optimal intranasal dose of midazolam in laboratory piglets
was determined to be 0.2 mg/kg. Benzodiazepines do not
provide analgesia. The alpha-2 agonists are not nearly as
potent in swine as they are in other species. They are typi-
cally combined with other drugs.

Most commonly, because of their temperament, swine are
injected IM with a combination of drugs to produce heavy
sedation to general anesthesia. These combinations are dis-
cussed under Induction and Intubation.

INTRAVENOUS CATHETERIZATION
Cattle

The jugular vein, at the junction of the cranial and middle
thirds of the neck, is the most common site for venous access
in cattle. They can usually be catheterized using a combina-
tion of physical restraint and infiltration of lidocaine over the
vein. Cattle can be positioned in a head gate wearing a halter;
the halter is then tied to one side of the head gate (Figure
5-6). Fractious cattle can be sedated before positioning in
the head gate. Calves can usually be manually restrained
(Figure 5-7); backing them into a corner is helpful. After
hair clipping, aseptic skin preparation, and lidocaine infiltra-
tion, a stab incision must usually be made through the skin,
which is very thick (Figure 5-6 and Figure 5-8A4 and B). A
14-gauge, 13-cm over-the- needle catheter is appropriate in
most cases. A large-gauge catheter (e.g., 10 gauge) can be
used to rapidly deliver a large fluid volume into an adult cow.
For neonatal calves, 16-gauge catheters may be more appro-
priate. The catheter must be inserted through the incision
at nearly a right angle to the neck until it has passed through
the skin (Figure 5-9); the angle can then be decreased to 30°
to 45° to penetrate the jugular vein. The catheter should be
sutured to the skin and wrapped to keep the patient from
rubbing it out. The cephalic vein can also be catheterized
(Figure 5-10).

Sheep and Goats

Most goats and sheep can be catheterized using light manual
restraint (being careful to control horns if present), as long
as the skin and subcutaneous tissue overlying the vein is
infiltrated with lidocaine. Backing the patient into a corner
helps control the hind end. The jugular vein is most com-
monly catheterized; however, the cephalic vein and the
auricular veins (in goats with large ears, such as Nubians) are
also accessible. For the jugular vein, 14- to 18-gauge cathe-
ters can be used depending on the size of the patient. A stab
incision through the skin may be needed. The catheter
should be wrapped if the goat or sheep will be left unat-
tended or in the company of conspecifics, as they will often
chew or rub catheters out.

Swine
Swine almost invariably must be heavily sedated or anesthe-
tized before IV catheterization (as discussed under Induction
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Figure 5-6 Physical restraint of an adult cow for jugular
catherization.

Figure 5-7 Restraint of a calf for jugular vein catheteriza-
tion.

Figure 5-8 (A), Lidocaine infiltration. (B), A #15 scalpel blade
is used to make a stab incision through the skin.
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Figure 5-9 The catheter is inserted nearly perpendicular to
the vein until it has passed through the skin, at which point
the angle can be decreased.

Figure 5-10 Cephalic vein catheter in a cow.

and Intubation) due to their propensity to scream and strug-
gle. In swine, the lateral and medial auricular veins are
most commonly used (Figure 5-11). Clipping hair, asepti-
cally preparing the skin, and applying a tourniquet (e.g., [V
tubing, gauze strip) around the base of the ear help with
visualization and engorgement of these veins. They are small
and very superficial, but a cut through the overlying skin
may still be necessary. Only short, small-gauge (20-24 gauge)

Figure 5-11 Auricular vein catheterization in a pig.

Figure 5-12 An auricular catheter that has been supported
using a roll of gauze behind the pinna. The pinna and gauze
roll are then wrapped together with tape.

catheters can usually be placed and should be flushed gently.
The catheter can be glued or sutured to the ear or taped
in. A roll of gauze can be placed against the inner pinna to
serve as a splint, and strips of tape can then be wrapped
around the catheter and the roll of gauze to secure the cath-
eter (Figure 5-12). Occasionally, the cephalic vein can be
catheterized.

GENERAL ANESTHESIA

Induction and Intubation

General Recommendations

Flushing the oral cavity before induction of ruminants helps
dislodge feed that can be aspirated after induction.
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Delivery of 100% oxygen before induction of anesthesia,
called preoxygenation, is routine in humans. The goal is to
replace alveolar nitrogen with oxygen to achieve an intrapul-
monary oxygen reserve, fully saturate hemoglobin, increase
arterial partial pressure of oxygen, and increase the time to
onset of hypoxemia. This can be challenging in adult cattle
but is more feasible and recommended in small ruminants
and swine in which intubation can be difficult.

Administration of sedative/analgesic drugs before induc-
tion of general anesthesia, known as premedication, is recom-
mended whenever possible to reduce the stress associated
with induction and to provide analgesia. If these drugs were
given to facilitate catheter placement, they may or may not
need to be redosed. If so, they can be administered IV. The
dose(s) of drug(s) used for induction depends on many
factors, such as patient temperament/health and level of
sedation. Parasympatholytics (that is, atropine, glycopyrro-
late) are no longer administered as routine premedications.
They decrease gastrointestinal motility, can produce tachy-
cardia, and do not decrease salivation enough to eliminate
the risk of aspiration.

Suction should be available before induction in case saliva
or feed obstructs the airway (Figure 5-13).

Adult Cattle

If a catheter was placed without sedation, an alpha-2 agonist
(xylazine 0.01 to 0.05 mg/kg) and opioid (butorphanol 0.02
to 0.05 mg/kg or morphine 0.05 to 0.1 mg/kg) can be
administered IV for premedication. If the patient required
sedation to place the catheter, additional drugs may or may

RS

Figure 5-13 Suction should always be available when intu-
bating ruminants. A Yankauer suction tip is useful because it
is made of rigid plastic.
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not be needed. Adult cattle can be cast into sternal recum-
bency before induction if well sedated (or after induction as
they become unconscious). General anesthesia is induced
with ketamine (2-4 mg/kg) preceded by, or mixed with, a
benzodiazepine (midazolam 0.05 to 0.1 mg/kg or diazepam
0.1 to 0.2 mg/kg). Alternatively, 500 mg of ketamine can be
added to 500 mL of 5% guaifenesin (“double drip”); 0.5 to
1.0 mL/kg is infused rapidly IV to effect (e.g., using a pres-
sure bag). “Triple drip,” created by adding 500 mg of ket-
amine and 25 to 50 mg of xylazine to 500 mL of 5%
guaifenesin, can also be used (e.g., in cattle that were not
well premedicated). Intubation is strongly recommended in
adult cattle undergoing general anesthesia. The cow should
remain in sternal recumbency for intubation. A bovine gag
(Figure 5-14) is inserted between the incisors, and an assis-
tant straddles the cow’s neck and keeps the head up and neck
extended. Depending on patient size and the size of the
anesthetist’s arm, adult cattle can usually be intubated digi-
tally. The nondominant bare arm of the anesthetist is inserted
into the oropharynx to palpate the rima glottides (Figure
5-15). An appropriately sized lubricated and cuffed endotra-
cheal tube (20 to 28 mm) is then inserted with the dominant
arm, sliding it along the nondominant arm into the trachea.
This must be done quickly because the anesthetist’s hand

Figure 5-14 Equipment needed for intubating an adult cow.
A cuffed, silicone rubber 24-mm-internal-diameter endotra-
cheal tube, white tape, water-based lubricant, bovine gag, and
60-mL syringe are pictured.

Figure 5-15 Digital intubation of an adult cow.
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obstructs the airway. If the oral cavity is too small for both
the tube and the hand, an equine gastric tube can be inserted
first, and the tube is then passed over it. The cuff is imme-
diately inflated with 60 to 90 mL of air with a 60 mL syringe
to protect the lower respiratory tract from regurgitation, and
the breathing circuit is connected to deliver 100% oxygen.
The tube exits the mouth via the interdental space and is
secured to the mandible with white tape.

Calves, Sheep, and Goats

If a catheter was placed without sedation, premedication
should be given IV. If the patient required sedation to place
the catheter, additional drugs given IV may or may not
be needed. Alpha-2 agonists can be used in calves older
than 4 weeks (see Table 5-1). Benzodiazepines can be used
in calves <4 weeks old, sheep, and goats (e.g., midazolam
0.1 to 0.2 mg/kg or diazepam 0.25 to 0.5 mg/kg, IV). An
opioid should be administered for painful procedures. Mor-
phine or methadone (0.1 to 0.2 mg/kg), fentanyl (3-10 mcg/
kg), butorphanol (0.05 to 0.2 mg/kg), or buprenorphine
(0.01 mg/kg) have been used by the author. The full mu
agonists are recommended for moderately to severely painful
procedures, although there is limited data on the efficacy of
these drugs. A variety of drugs/drug combinations can then
be used to induce general anesthesia (Table 5-3). Mask
induction with inhalant anesthetics appears subjectively
more stressful and takes longer to produce intubating condi-
tions, which may increase the chance of regurgitation and
aspiration. Therefore it is not recommended.

Intubation is strongly recommended for calves and small
ruminants under general anesthesia but may not always be
possible. In this case, oxygen should be supplemented, and
the patient should ideally be kept in sternal recumbency (or
positioned in lateral or dorsal recumbency as described
under Monitoring and Supportive Care). Proper positioning
for intubation is crucial in calves and small ruminants. They
are intubated in sternal recumbency with the neck extended
and the nose almost perpendicular to the ceiling (Figure
5-16). It is crucial that the patient be perfectly straight;
multiple assistants may be needed to keep the patient posi-
tioned properly. The jaws are opened using two strips of
white tape by an assistant, and the tongue is gently pulled
out. The rima glottidis is visualized using a laryngoscope
with a long blade (e.g., a 470-mm Wisconsin blade; see
Figure 5-17). The jaws do not open widely and the oral
cavity/oropharynx is long and narrow; inserting the laryngo-
scope blade in the commissure of the mouth may improve
visualization. Inserting a guide tube (also known as a bougie)
(see Figure 5-17) into the trachea first, and then passing the
lubricated endotracheal tube over the bougie and into the

Table ¢ 5-3

Drugs/Drug Combinations Used for Induction
of Calves, Sheep, and Goats

DRUG DOSE
Ketamine 2.2-4.4 mg/kg
Propofol 2-6 mg/kg to effect

Ketamine and propofol 2-3 mg/kg of each, mixed and

given to effect
0.5-1 mlL/kg rapidly to effect
0.5-1 ml/kg rapidly to effect

“Double drip”

“Triple drip” (not in sheep or
goats)

trachea, often improves ease and speed of intubation. A
stylet (see Figure 5-17) to stiffen and shape the tube can be
useful as well. The internal diameter of the endotracheal
tube varies significantly from 4 to 5 mm in a neonate to 12
to 14 mm in a large adult (Figure 5-17). As soon as the
trachea is intubated, the cuff should be inflated to decrease
the risk of aspiration; enough air should be added so that gas
leaks around the tube when airway pressure exceeds 20 cm
H,O. The breathing hoses should be hooked up immediately
so that 100% oxygen can be administered. The endotracheal

Figure 5-16 Positioning of a goat for visual intubation with
the aid of a laryngoscope.

Figure 5-17 Equipment needed for intubating calves, sheep,
goats, and swine. Pictured are a bougie (top), four assorted
cuffed endotracheal tubes, laryngoscope blades (left), stylet
(bottom), white tape, and lubricant.
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tube should be held in position until it can be secured so that
it cannot be coughed up and swallowed or aspirated. The
tube is directed out of the mouth through the interdental
space and secured to the mandible with white tape, gauze,
or plastic IV tubing wrapped around the mandible.

Swine

General anesthesia is usually induced intramuscularly. The
most common injection sites are the muscles caudal to the
ear, the epaxial muscles, and the caudal thigh muscles;
injecting into the caudal thigh muscles, however, risks
damage to the sciatic nerve and may affect the quality of the
ham in pigs raised for food. A needle that is long enough to
pass through a pig’s subcutaneous fat (panniculus adiposus),
which is usually substantial, and into muscle must be
selected; epidural or spinal needles must sometimes be used
for large pigs. Injection of drugs into muscle rather than fat
will result in faster onset. Attaching an extension set between
the needle and syringe will help prevent the needle from
being dislodged if the pig struggles during injection.

Most protocols are based on a dissociative anesthetic.
Once sufficient time has elapsed for the dissociative anes-
thetic to be metabolized, the alpha-2 agonist can be antago-
nized to speed recovery. Examples are listed in Table 5-4.
Drugs can be mixed in one syringe unless noted. The vol-
umes of some drugs, like ketamine, can be large for IM
injection; practices that anesthetize swine frequently should
consider investing in concentrated forms of these drugs
(available through Zoopharm). In some cases, a pig can be
intubated after receiving one of these combinations. If the
pig cannot be intubated, the anesthetist can either place an
IV catheter and administer additional drugs IV (e.g., ket-
amine, 1 mg/kg or propofol to effect) or administer inhalant
anesthetic by facemask briefly. Pigs may be intubated in
either dorsal or sternal recumbency. Sternal recumbency is
typically easier for inexperienced individuals (Figure 5-18).

Table o 5-4
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The endotracheal tube should be premeasured to help ensure
it is not inserted past the thoracic inlet; it is possible in
swine, with their short necks, to insert the endotracheal
tube tip past the point at which the bronchus to the right
cranial lung lobe branches off the trachea, collapsing that
lobe. Strips of gauze or white tape or, in large pigs, soft ropes
can be placed caudal to the upper and lower canine teeth to
open the mouth. Care should be taken when doing this
because the gingiva of the pig is easily irritated. A mouth
wedge can also be used along with or instead of strips or
ropes. The oral cavity does not open widely. The head should
be extended, but not excessively. A long laryngoscope blade
(e.g., a 470-mm Wisconsin blade) (see Figure 5-17) will be
necessary in large pigs. The epiglottis is usually positioned
dorsal to the soft palate; the tip of the blade is used to
depress the base of the epiglottis ventrally and bring the rima
glottidis, which is small relative to a pig’s body mass, into
view. Lidocaine can be sprayed onto the arytenoid cartilages

Figure 5-18 Positioning of a pig for intubation.

Some Drug Combinations Used in Swine for Induction of General Anesthesia

DRUG DOSE ROUTE COMMENTS

Acepromazine 0.4 mg/kg IM Used in miniature pigs. Give acepromazine 30 min

Ketamine 15 mg/kg before ketamine. Recumbency for 5 min.
Recovery in 65-80 min.

Xylazine 1.1-2.2 mg/kg IM Give xylazine 10 min before ketamine. Anesthesia

Ketamine 11-15 mg/kg of 30-45 min duration.

Xylazine 2.0 mg/kg IM Used in miniature pigs. Mixed in same syringe.

Butorphanol 0.22 mg/kg Better recovery but shorter duration compared

Ketamine 5 mg/kg with xylazine-ketamine.

Medetomidine 80 mcg/kg IM Longer duration of anesthesia than xylazine-

Butorphanol 0.2 mg/kg butorphanol-ketamine.

Ketamine 10 mg/kg

Tiletamine-zolazepam (Telazol)- 1 mL/35-75 kg (commercial pigs) IM Prepared by reconstituting Telazol powder with

ketamine-xylazine

1 mL/25 kg (potbellied pigs)

Tiletamine-zolazepam (Telazol) 4.4 mg/kg
Xylazine OR 2.2 mg/kg
Medetomidine 0.04 mg/kg
Detomidine 0.1 mg/kg
Midazolam 0.1 mg/kg
Ketamine 5-10 mg/kg

2.5 mL of ketamine (100 mg/mL) and 2.5 mL of
xylazine (100 mg/mL). Recovery can be long.

IM Similar induction and recovery times. 60-90 min
of anesthesia.

IM 1-2 hours of anesthesia.
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and down into the trachea to prevent laryngospasm and
coughing. Endotracheal tubes should be cuffed and lubri-
cated. Appropriate tube sizes will range from 3 to 4 mm in
piglets to 14 to 16 mm in large pigs. The endotracheal tube
must take a tortuous course through the pig’s larynx to reach
the trachea. When passing the tube without a stylet, the
natural curvature of the tube is such that the tip is ventral;
when it is advanced, this natural curvature causes the tip to
be directed against the posterior floor of the larynx. At this
point the tube must be rotated 180°; if not too wide, the
tube will then slide into the trachea. The tube is then rotated
another 180° back to its original position. A stylet can be
used to stiffen the tube and maintain its natural curvature
(see Figure 5-17). Pig intubation must be exquisitely delicate;
damage to the larynx can result in hematoma or edema
and airway obstruction upon extubation, whereas damage
to more distal tissues can result in subcutaneous emphy-
sema, pneumomediastinum, and/ or pneumothorax. Potbel-
lied pigs are particularly difficult to intubate as they are
commonly obese and have redundant pharyngeal tissue. The
breathing circuit is immediately connected to deliver 100%
oxygen. The cuff should be inflated with enough air so that
gas leaks around the tube when airway pressure exceeds
20 cm H,O. The tube exits the mouth via the interdental
space and is secured to the mandible with white tape, gauze,
or IV tubing.

Maintenance

Following intubation, the heart should be auscultated before
delivering inhalant anesthetic. All lung fields in every patient
should be auscultated to ensure normal bronchovesicular
sounds; this is particularly important in swine. Currently,
the most commonly used inhalant anesthetic is isoflurane.
The minimum alveolar concentration, the concentration of
an anesthetic that produces immobility in 50% of subjects
exposed to a supramaximal noxious stimulus (which corre-
sponds to the median effective dose), has been determined
in cattle (1.14%), sheep (1.53%), goats (1.06-1.43%), and
swine (1.45-1.51%). Sevoflurane is sometimes used but is
currently more expensive than isoflurane. The minimum
alveolar concentration of sevoflurane has been determined
in sheep (3.3), goats (2.33), and swine (1.97-2.53). The
minimum alveolar concentration is affected by many factors.

Table o 5-5

A decrease in minimum alveolar concentration can be caused
by a wide variety of anesthetic agents, hypotension, hypo-
thermia, severe hypoxemia or hypercarbia, and pregnancy;
an increase in minimum alveolar concentration can be caused
by hyperthermia. These factors should be considered when
administering inhalant anesthetics, and depth of anesthesia
should be monitored closely. Induction, change in anesthetic
depth, and recovery should occur more quickly with sevo-
flurane because of its low blood solubility (low blood gas
partition coefficient), making it advantageous in some situa-
tions; however, because many factors influence induction and
recovery, this may or may not be apparent clinically when
using sevoflurane.

For short procedures, total intravenous (IV) anesthesia is
an option. Double drip (discussed under Induction and Intu-
bation) can be used to maintain anesthesia at 0.2 to 0.5 mL/
kg/h, although a rate over 2.5 mL/kg/h has been used by
some authors. Double drip does not contain xylazine; thus
the analgesia provided by this drug combination may not
compare to that provided by triple drip. However, lack of
cardiovascular depression caused by xylazine makes this a
better choice than triple drip for cardiovascularly compro-
mised patients. Triple drip (also discussed under Induction
and Intubation) can be used to maintain anesthesia in cattle
at a rate of 1.5 mL/kg/h for calves and 2.0 mL/kg/h in
adults. It has been suggested that if >2.2 mL/kg of the
mixture is required to complete surgery, the amount of xyla-
zine added should be decreased to 0.05 mg/mL so that
recovery is not delayed. This mixture can also be used in
swine at the same rates. Triple drip is not recommended in
sheep and goats because it contains xylazine (for reasons
discussed under Sedation of Farm Animals). Locoregional
anesthesia should be used with either combination. Propofol
(0.2 mcg/kg/min) combined with either fentanyl (0.3 mcg/
kg/min) or midazolam (0.005 mg/kg/min) for total IV anes-
thesia has been studied in goats. Propofol (0.2 to 0.4 mg/
kg/min) has also been evaluated for total IV anesthesia in
sheep.

Partial IV anesthesia, in which one or more CRIs is
administered in conjunction with inhalant anesthetic, is
another option for maintenance of general anesthesia. Opi-
oids, alpha-2 agonists, ketamine, and lidocaine CRIs can be
used in farm animals (Table 5-5); all of these drugs have

Doses for Constant Rate Infusion of Selected Drugs for Partial Intravenous Anesthesia in Farm
Animals (This Should not Be Considered an Exhaustive List)

DRUG SPECIES RATE

Ketamine Cattle 10-50 mcg/kg/min
Sheep 1.5 mg/kg loading dose, 50 mcg/kg/min
Goats 1-1.5 mg/kg loading dose, 25-50 mcg/kg/min

Lidocaine Cattle 2 mg/kg loading dose, 100 mcg/kg/min
Sheep 2 mg/kg loading dose, then 50 mcg/kg/min
Goats 2.5 mg/kg, 100 mcg/kg/min

Dexmedetomidine Sheep or goats

Fentanyl Cattle, sheep, goats, swine
Ketamine-xylazine-guaifenesin Cattle
Morphine-lidocaine-ketamine Sheep
Ketamine-lidocaine Sheep

2 mcg/kg/h
0.1-0.3 mcg/kg/min
2.5 ml/kg/h

10 mg morphine, 150 mg lidocaine, and 30 mg ketamine
in 500 mL saline, 10 mL/kg/h

10 mcg/kg/min and 20 mcg/kg/min
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Figure 5-19 The globe of the cow will rotate ventrally to
ventromedially when an appropriate depth of anesthesia is
achieved.

been shown to have analgesic properties in either farm ani-
mals or other species. They also reduce minimum alveolar
concentration, permitting the use of lower concentrations of
inhalant and thus decreasing the cardiopulmonary depres-
sion caused by these drugs.

Monitoring and Supportive Care

The anesthetist should evaluate depth of anesthesia every
5 minutes. Palpebral reflex should be weak to absent. The
globes of cattle will rotate ventrally to ventromedially as an
appropriate surgical plane of anesthesia is achieved; the
globes will rotate back into a central position if the animal
is too deep (Figure 5-19). The eyes of sheep, goats, and swine
may not rotate as dramatically. Generalized muscle tone,
heart rate, respiratory rate/depth/character, and blood pres-
sure are also used to measure depth of anesthesia.

The anesthetist should frequently evaluate mucous mem-
brane color, capillary refill time, heart rate and rhythm,
respiratory rate and character (if the patient is breathing
spontaneously), pulse quality and synchronicity with heart-
beat, and body temperature (via rectal or esophageal ther-
mometer). Pulse oximetry, capnography, electrocardiography,
body temperature measurement, and arterial blood pressure
measurement are recommended in farm animals under
general anesthesia. A multiparameter monitor will typically
measure all of these variables. Invasive (that is, via an arterial
catheter) blood pressure should be monitored in large, heavy
ruminants at risk for neuromyopathies; any patient in which
hypotension or rapid changes in blood pressure are likely
(e.g., due to blood loss or sepsis); and any patient in which
frequent sampling of arterial blood is necessary. The most
common site for arterial catheterization in ruminants is the
caudal auricular artery (Figure 5-20). The saphenous artery
can be catheterized in swine as it passes subcutaneously at
the level of the crus. Swine have a radial artery palpable on
the medial aspect of the carpus that is challenging but pos-
sible to catheterize (Figure 5-21).

Adult cattle must usually be mechanically ventilated
during general anesthesia. Calves, sheep, goats, and swine
may or may not require mechanical ventilation. Tidal vol-
ume is approximately 8 to 12 mL/kg, 5 to 7 mL/kg, and
10 to 20 mL/kg in cattle, sheep or goats, and swine, respec-
tively. A respiratory rate of 6 to 10 breaths/minute and
an inspiratory:expiratory ratio of 1:2 to 1:3 are good
starting points in most cases. These settings should be
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Figure 5-20 A catheter in the caudal auricular artery of a
sheep.

o L

Figure 5-22 Proper positioning of a ruminant, in this case a
goat, in lateral recumbency under general anesthesia.

reevaluated frequently and adjusted when necessary to
maintain normocapnia based on capnography and arterial
blood gas analysis.

Positioning of ruminants is very important due to their
copious production of saliva and potential to passively regur-
gitate during general anesthesia. In lateral recumbency, the
head and neck should be elevated above the abdomen using
a pad or towels placed under the patient at the level of the
poll, and the nose and mouth should be tipped down to
permit saliva to drain (Figure 5-22). In dorsal recumbency,
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Figure 5-23 An inner tube positioned under the dependent
thoracic limb of an adult cow under general anesthesia to
help prevent neuromyopathy.

the head and neck should also be elevated, and the nose
should be turned to one side and tipped down. This position
can be difficult to achieve in some ruminants, such as adult
cattle and ruminants with large horns. In a hospital setting,
a vinyl-covered foam pad or an air cushion table are good
options. In large adult cattle in lateral recumbency, an inner
tube placed under the dependent thoracic limb will help
guard against myoneuropathy (Figure 5-23).

Fluid therapy is strongly recommended during general
anesthesia. In systemically healthy patients, any balanced
electrolyte solution is appropriate (e.g., lactated Ringer’s
solution, Plasma-Lyte A). An hourly rate of 3 to 10 mL/kg
is usually used, depending on factors such as the amount of
fluid loss expected during surgery. In neonates, 50% dextrose
can be added to create a 2.5% solution to prevent hypogly-
cemia. Patients that require correction of fluid, acid-base,
electrolyte, and BG disturbances may require different fluid
types and rates. PCV, TS, blood gases/acid-base status
(including lactate concentration), and electrolyte and BG
concentrations should be reevaluated during long general
anesthetics, with frequency dependent on the patient’s con-
dition. Reassessment as frequently as every 30 minutes may
be necessary in critically ill farm animal patients. An addi-
tional catheter or catheters placed after induction may be
necessary if large volumes of fluid and/or many different
medications must be given during surgery.

It is difficult to prevent and treat hypothermia during
general anesthesia in adult cattle. In smaller farm animals,
keeping the extremities warm (e.g., by wrapping the limbs
in warm towels or bubble wrap) and applying a forced warm-
air system (e.g., 3M Bair Hugger Therapy) over the patient
for a period of time before induction (“prewarming”) appears
to be an effective way to prevent hypothermia. Patients with
thick hair coats are at risk for hyperthermia if body tempera-
ture is not watched carefully, but even these patients can
become hypothermic.

Complications

Regurgitation

Passive regurgitation can occur in any species but can be
profuse in ruminants and lead to aspiration and impaired
oxygen exchange. The importance of appropriate fasting,
rapid intubation, ensuring the endotracheal tube cuff is

properly inflated, and proper patient positioning have already
been discussed. The pharynx can be suctioned before extu-
bation. Proper extubation technique is discussed in the
Recovery section.

Rumen Tympany

Rumen tympany is a side effect of anesthetic drugs and can
impair cardiovascular function if severe by impeding venous
return back to the heart. An orogastric tube can be passed
during anesthesia or the rumen can be decompressed percu-
taneously. Antagonism of drugs (that is, alpha-2 agonists and
opioids) that decrease gastrointestinal motility may help but
will also eliminate the analgesia produced by these drugs.
Aborting general anesthesia and positioning the patient in
sternal recumbency may be necessary if all else fails. Rumi-
nants usually begin eructating as they recover.

Bradycardia

Bradycardia without hypotension may not require treatment.
Bradycardia with hypertension from alpha-2 agonist admin-
istration should never be treated with an anticholinergic
drug because it will worsen hypertension. Any underlying
cause(s) should be addressed first. Excessive anesthetic depth
can cause bradycardia; the inhalant should be decreased or
stopped, and 100% oxygen should be administered. Hypo-
carbia (partial pressure of carbon dioxide <35 mm Hg) in
cattle can cause bradycardia and is confirmed via arterial
blood gas analysis; tidal volume or ventilation rate or both
should be decreased. Hyperkalemia (e.g., in goats with ure-
thral obstruction) can cause bradycardia as well and must be
addressed immediately. Manipulation of viscera can result in
vagal outflow and bradycardia; ceasing manipulation will
usually resolve the problem. Once the underlying causes
have been ruled out or addressed, the heart rate can be
increased using atropine (0.01 to 0.02 mg/kg) or glycopyr-
rolate (0.005 mg/kg) IV.

Hypotension

Mean arterial blood pressure should be maintained >80 mm
Hg in adult cattle and large farm animals and >70 mm Hg
in other farm animal patients. There are numerous causes of
hypotension. The anesthetist should first check if the patient
is excessively deep and if so decrease the percentage of inhal-
ant being delivered. Using a partial IV anesthesia technique,
as discussed in Maintenance, will minimize the percentage
of inhalant necessary and thus the cardiovascular depression
caused by the inhalant. Hypothermia can result in hypoten-
sion and should be prevented as discussed previously. The
anesthetist should ensure that the patient’s fluid needs are
being met and that ionized hypocalcemia is not present.
Ionized hypocalcemia can be treated with 10% calcium chlo-
ride (1 mL/10 kg), 10% calcium gluconate (2 mL/10 kg),
or 23% calcium borogluconate (0.55 to 1.1 mL/kg/h). Bra-
dycardia can cause hypotension and should be addressed.
If the aforementioned issues have been addressed but the
patient is still hypotensive, a sympathomimetic drug such
as dobutamine (0.5 to 5 mcg/kg/min), dopamine (5-10 mcg/
kg/min), or ephedrine (0.022 to 0.066 mg/kg) can be

administered.

Hypoventilation and Hypoxemia

Hypoventilation, defined as partial pressure of carbon
dioxide >45 mm Hg, and hypoxemia, defined as partial pres-
sure of oxygen <80 mm Hg, are common complications in
farm animals under general anesthesia. Most anesthetic
drugs impede the chemoreceptor response to carbon dioxide
and cause respiratory muscle relaxation, thus reducing ven-
tilatory drive. In recumbent quadrupeds under general anes-
thesia, the abdominal contents tend to impede diaphragmatic



CHAPTER 5

movement and even displace the diaphragm cranially, com-
pressing the lung. This effect is further amplified by postural
differences; in dorsal recumbency the diaphragm is more
impaired by the abdominal contents than it is in lateral
recumbency. Pharmaceutically reduced ventilatory drive and
mechanical inhibition of the diaphragm conspire to reduce
alveolar ventilation and lead to hypercapnia. This is one of
the principal causes of hypoxemia. Compression of the lung
can lead to alveolar collapse that, in turn, provides a route
for venous blood to transit the lung without being oxygen-
ated; this ventilation:perfusion mismatching is another
cause of hypoxemia.

If hypoventilation is resulting in hypoxemia, the anesthe-
tist should evaluate the patient to ensure anesthetic depth is
not excessive and institute positive pressure ventilation; if
the patient is already being ventilated, tidal volume or respi-
ratory rate or both can be increased. Increasing tidal volume
is usually more effective because it decreases dead-space
ventilation. Appropriate fasting to minimize rumen content
and treating rumen tympany makes it easier to ventilate
ruminants and is critical in adult cattle. If a cow requires
exploratory laparotomy, surgically opening the abdomen and
gas decompression of viscera will help as well. Doxapram is
no longer recommended for stimulating ventilation because
it increases tissue oxygen demand. Other strategies available
for treating hypoxemia are listed in Box 5-1. Note that pos-
itive pressure ventilation, adding positive end-expiratory
pressure, using an inverse inspiratory:expiratory ratio, and
performing an alveolar recruiting maneuver can all signifi-
cantly depress cardiovascular function by decreasing venous
return to the heart and increasing the resistance to blood
flow through pulmonary capillaries. Invasive arterial blood
pressure must be measured and blood gas analysis performed
if positive pressure ventilation is instituted in adult cattle.

Techniques for Treating Venous Admixture
and Hypoxemia

e Add positive end-expiratory pressure, a ventilatory
strategy in which airway pressure is maintained above
atmospheric pressure at the end of exhalation via a
mechanical impedance, usually a valve, within the
breathing circuit to increase the volume of gas
remaining in the lungs at end expiration and thus
prevent atelectasis and shunting of blood.

e Increase inspiratory:expiratory ratio or use inverse
inspiratory: expiratory ratio (that is, 1:1 or higher).

This is done so that inspiratory time equals or exceeds
expiratory time to improve gas distribution in the lung
and increase mean airway pressure. RR should be set
rapidly enough so the patient does not exhale completely
before the next breath, resulting in some gas remaining
in the lung at end expiration.

e Perform alveolar recruiting maneuver, a sustained
increase in peak inspiratory pressure, e.g., 40 cm H,0
for 40 seconds, to open collapsed lung units, which is
usually followed by positive end-expiratory pressure to
keep them open.

e Administer aerosolized albuterol (2 mcg/kg) via
endotracheal tube.

e Increase arterial blood pressure to improve lung perfusion
(e.g., IV fluids, inotropic drugs).
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Recovery

Farm animal patients should be recovered in a clean, dry area
where they can be closely monitored and where supportive
care can be continued as deemed necessary. Critically ill
patients should have monitoring equipment left in place for
as long as possible during the recovery period. IV catheters
should be left in place in healthy patients until they have
recovered completely from general anesthesia, or longer as
the case dictates (e.g., systemically ill patients, patients at
risk for airway obstruction following extubation). Ruminants
should be positioned in sternal recumbency with the limbs
in the most natural position possible. Swine can be recovered
in sternal or lateral recumbency. Ruminants should only be
extubated when they are vigorously rejecting the endotra-
cheal tube (e.g., chewing, coughing); the cuff is typically left
partially inflated to drag saliva and regurgitated rumen con-
tents up out of the trachea. Swine can be extubated when
they are able to swallow or cough. As soon as the endotra-
cheal tube has been removed, the anesthetist should observe
the patient for normal thoracic excursions and feel for air
movement through the nares to ensure the patient’s airway
is patent. Supplemental heat (e.g., using a heat lamp or forced
air warmer) should be available if necessary, especially in
pediatric and critically ill patients. Farm animals, unlike
horses, typically do not develop mania upon recovery and
usually attempt to stand only when they have regained the
strength and coordination to do so. Although most do not
require sedation for recovery, analgesia should always be
provided.

ANALGESIA

Although still in its infancy, the field of farm animal analge-
sia has progressed considerably over the past decade. Readers
are strongly encouraged to consult several excellent refer-
ences on this topic. Nonsteroidal antiinflammatory drugs
and locoregional anesthesia are still the most commonly used
modalities, but a number of other drug classes are now used
as well. Multimodal analgesia is the administration of more
than one class of analgesic drugs that act via different mecha-
nisms and at different sites in the central nervous system; it
also refers to concurrent use of systemic analgesics, locore-
gional anesthesia, and even nonpharmacologic therapies.
This technique results in additive or synergistic effects while
minimizing adverse effects and should be used in farm
animals whenever possible.

There are currently no drugs approved specifically for
analgesia for food animals in the United States; flunixin is
approved for pyrexia and inflammation. Therefore all drug
administration for analgesia in farm animals is considered
extra-label drug use. Extra-label drug use is permitted
under the Animal Medicinal Drug Use Clarification Act
(AMDUCA) of 1994 as long as it does not result in violative
tissue residues. Table 5-6 gives meat and milk withdrawal
intervals for certain drugs. The online Food Animal Residue
Avoidance Databank (FARAD) provides estimated with-
drawal intervals for selected extra-label uses of a limited
number of drugs based on available scientific evidence. With-
drawal intervals for other analgesic drugs (e.g., morphine),
doses, frequencies, and routes of administration must be
determined by contacting FARAD. Additional information
on such drugs is discussed by species in the following
sections.

Cattle

The nonsteroidal anti-inflammatory drug meloxicam has
been studied extensively in cattle. The pharmacokinetics of
meloxicam (0.5 mg/kg [V) have been determined in weaned
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Table ¢ 5-6

Meat and Milk Withdrawal Intervals (WDI) for Some Analgesic Drugs in Farm Animals

DRUG SPECIES DOSE AND ROUTE MEAT WDI MILK WDI
Flunixin Cattle 1.1-2.2 mg/kg IV once 4 days 36 hours
Flunixin (Banamine-S) Swine 2.2 mg/kg IM 14 days N/A
Xylazine Cattle, sheep, goats 0.05-0.3 mg/kg IM 4 days 24 hours
0.3-2 mg/kg IM 10 days 120 hours
0.016-0.1 mg/kg IV 5 days 72 hours
Detomidine Cattle, sheep, goats Up to 0.08 mg/kg* IV/IM 3 days 72 hours
Ketamine Cattle, sheep, goats Up to 2 mg/kg IV* 3 days 48 hours
Up to 10 mg/kg IM*
Swine Up to 10 mg/kg* IV/IM 2 days
Lidocaine Cattle Up to 15 mL of 2% solution (epidural) 1 day 24 hours
Up to 2 g in 100 mL SQ (infiltration) 4 days 72 hours
Lidocaine with epinephrine Cattle, sheep, goats SQ (epidural/infiltration)* 1 day 24 hours

*Single and multiple doses.

Holstein calves undergoing dehorning without cornual nerve
block; meloxicam resulted in lower heart rate, lower plasma
concentrations of substance P (a neurotransmitter involved
in nociception), and greater weight gain. The pharmacoki-
netics of meloxicam (0.5 mg/kg IV) and gabapentin (15 mg/
kg PO) have been studied in 4- to 6-month-old beef calves.
In the same study, the efficacy of either meloxicam or
meloxicam plus gabapentin given 4 hours after induction of
a chemical synovitis/arthritis was investigated. The activity
level was evaluated with pedometers, and lameness was
evaluated using pressure mats and a visual analog scale; both
treatments improved lameness. The pharmacokinetics of PO
meloxicam (0.5 mg/kg) have been compared in ruminant
calves medicated via gavage, preruminant calves medicated
via gavage, and preruminant calves medicated via milk
replacer; calves medicated via milk replacer achieved lower
maximum plasma concentrations of meloxicam but absorbed
meloxicam more quickly. Meloxicam (1 mg/kg PO) either
12 hours before or at the time of dehorning in bull calves
resulted in lower cortisol, substance P, and cortisol concen-
trations than no treatment; prostaglandin E, was lower in
calves that received meloxicam at the time of dehorning for
3 days postoperatively. Meloxicam administered for pain
would be permissible under AMDUCA. Pharmacokinetics
of IV and PO firocoxib have been determined in calves and
showed high oral bioavailability and prolonged terminal half-
life. Morphine appears to be an effective analgesic in cattle
based on an increase in thermal nociceptive threshold in one
study in 12 dry, nonpregnant cows. Although there is cur-
rently little data on systemic morphine in cattle, empirically
0.1 to 0.2 mg/kg IV every 2 to 4 hours in combination with
other analgesics seems to be effective. Although lidocaine
CRI has been used in calves under general anesthesia, there
is little data on its analgesic efficacy in the postoperative
period. It is sometimes administered as a CRI, particularly
for visceral pain, at rates similar to those used in other
species (loading dose 1 to 2 mg/kg, 25 to 50 mcg/kg/min).

Sheep and Goats

A single-dose pharmacokinetic study of meloxicam (0.5 mg/
kg IV once) in sheep and goats has been published. To main-
tain assumed therapeutic plasma concentrations, this dose
should be administered every 12 hours in sheep and every 8
hours in goats. A small number of goat kids (n = 6) that

received 0.5 mg/kg meloxicam IM for disbudding were sub-
jectively less painful in the first 24 hours than goat kids that
received placebo (n = 5). Based on a pharmacokinetic study
of PO meloxicam in adult goats, 0.5 to 1 mg/kg every 24
hours is recommended. A recent study of oral meloxicam
pharmacokinetics in sheep recommended a loading dose of
2 mg/kg followed by 1 mg/kg every 24 hours. Fentanyl
patches have been investigated in sheep; a patch placed on
the lateral antebrachium that delivered 2 mcg/kg/h main-
tained plasma concentrations above the assumed therapeutic
level. This author has used fentanyl CRI (1- to 5-mcg/kg
loading dose, 2 to 3 mcg/kg/h) and ketamine CRI (0.05- to
0.1-mg/kg loading dose, 3 to 5 mcg/kg/h) with apparent
success. A low IM dose of xylazine (that is, 0.05 mg/kg) has
been shown to increase antinociception for at least 60
minutes in lambs. In adult sheep, a CRI of xylazine (5-mg
loading dose, 2 mg/h) increases antinociception. A dexmed-
etomidine (0.5 to 2 mcg/kg/h) CRI, though not yet assessed
for its antinociceptive efficacy, is another option. In pregnant
ewes, intraperitoneal medetomidine (3 mcg/kg/h) infused
via an osmotic pump increased thermal nociceptive thresh-
old after laparotomy.

Swine

Nonsteroidal anti-inflammatory drugs (flunixin, meloxicam)
have been studied in swine. Meloxicam (1 mg/kg PO)
and flunixin (2.2 mg/kg IM) administration to lame sows
increased nociceptive threshold as measured using pressure
algometry. Opioids (buprenorphine, including IV buprenor-
phine, sustained-release SQ buprenorphine, and buprenor-
phine patch), fentanyl infusion or patch, morphine, and
tramadol have been investigated in swine.

LOCAL AND REGIONAL
ANESTHETIC TECHNIQUES

The use of local or regional anesthetic techniques in farm
animals may be preferred over general anesthetic techniques
due to practical and financial reasons. Many surgical tech-
niques, such as dehorning, rumenotomies, abomasal dis-
placements, perineal surgery, or teat/udder surgery can be
performed with local or regional techniques.
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Lidocaine hydrochloride is the most commonly used local
anesthetic solution drug in farm animal practice. It has an
analgesic duration of 90 to 180 minutes. No other local
anesthetic solution is licensed for use in farm animals in the
United States (see Table 5-6 for withdrawal times for cattle);
therefore clients must be advised of appropriate withdrawal
times.

Other drugs have been coadministered with lidocaine to
prolong its local anesthetic effects. Epinephrine at concen-
trations of 5 to 10 mcg/mL (1:200,000 to 1:100,000) has
been suggested to prolong local anesthesia and possibly
reduce toxicity by causing vasoconstriction.

Regional Anesthesia for Procedures Involving
the Head

Ocular surgery and dehorning are the two most common
procedures carried out in the head in farm animals. Local
anesthetic procedures are performed in standing animals in
conjunction with adequate head restraint. Mild sedation may
be required.

Anesthesia of the Eye
Topical Anesthesia

One or two drops of proparacaine hydrochloride 0.5% can
desensitize the cornea and pain associated with it. Within
approximately 30 seconds and for 10 to 15 minutes this
ophthalmic solution also relieves the blepharospasm associ-
ated with corneal disease or superficial irritation, facilitating
minor procedures such as ocular examination, staining of
the cornea, and removal of foreign bodies. Proparacaine is
approved for use in farm animals in the United States.

The auriculopalpebral nerve is occasionally palpable along
the zygomatic arch (ventral to the zygomaticoauricularis
muscle and to the zygomatic process of the temporal bone).
Infiltration of 5 to 15 mL of 2% lidocaine in this region will
desensitize this motor-only nerve, causing akinesia of the
corresponding eyelid. If necessary, the eyelids themselves
can be infiltrated with 10 mL of 2% lidocaine approximately
1 cm from the edges of the dorsal and ventral lids.

Anesthesia for Ophthalmic Surgery

Peterson Block. Complete motor (allowing proptosis of the
globe) and sensory block of the eye (except the eyelid) is to
be expected.

The Peterson eye block is performed by using a 31-inch,
18-gauge needle. Landmarks for this procedure are the zygo-
matic process of the frontal bone, the zygomatic process of
the temporal bone, the frontal process of the zygomatic
bone, and the rostral edge of the coronoid process of the
mandibular ramus. The puncture site is located in the space
delineated by these landmarks. The needle should be
advanced into the pterygopalatine fossa toward the foramen
orbitorotundum at an approximate depth of 7 to 10 cm with
the aim of desensitizing the oculomotor, trochlear, and abdu-
cens nerves and the three branches of the trigeminal nerve
(ophthalmic, maxillary, and mandibular). Fifteen milliliters
of lidocaine can be deposited at this location.

The Peterson eye block may be technically challenging to
perform but has a lower risk of hemorrhage, penetration of
the globe, damage to the optic nerve, or injection into the
meninges than the retrobulbar block.

Retrobulbar Block. The four-point retrobulbar injection
will desensitize all the ocular muscles and the optic nerve.
Injections are made using a 3- to 4-inch 18-gauge needle
with a large curve. The eyelids are penetrated at the medial
and lateral canthus and at the dorsal and ventral orbital rims.
The needle is inserted at the medial and then the lateral
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canthus while using the finger to reflect the globe away from
the needle. The needle is advanced through the conjunctiva
in a curve medially to the orbital apex (7-10 cm). The needle
is aspirated to ensure that it is not placed within the optic
nerve or meninges, and a total of 15 mL of 2% lidocaine,
divided among the four sites, is slowly injected as the needle
is withdrawn from the orbit. Disadvantages of this procedure
include possible damage to the globe, intraneural or menin-
geal injection, retrobulbar hemorrhage, or damage to the
optic nerve.

Auriculopalpebral Nerve Block. Blinking, either spontane-
ously or in response to a stimulus, is affected by the orbicu-
laris oculi muscle, which is innervated by cranial nerve VII
(facial). Akinesia of the eyelid can be achieved by blocking
the auriculopalpebral branch of the facial nerve.

The auriculopalpebral nerve can be palpated at the caudal
aspect of the zygomatic arch. From 5 to 10 mL of local
anesthetic solution is deposited at the dorsolateral aspect of
the zygomatic arch, caudal to the coronoid process.

Care of the cornea is mandatory because blinking will be
prevented once an auriculopalpebral nerve block is adminis-
tered; therefore adequate eye ointment should be applied to
prevent desiccation, abrasion, and/or ulceration of the cornea.

Additional infiltration of the eyelid with 5 to 10 mL of
lidocaine will achieve sensory blockade of the eyelid.

Anesthesia for Dehorning

Anesthesia of the base of the horn for dehorning or disbud-
ding requires anesthesia of the cornual nerve, a branch of the
zygomaticotemporal nerve, which is part of the trigeminal
nerve.

The cornual nerve is often palpable along the ventrolat-
eral aspect of the frontal ridge, halfway between the lateral
canthus of the eye and the base of the horn (Figure 5-24).
Anesthesia is performed by using a 20-gauge, 1- or 13-inch
needle inserted just under the frontal ridge. Five to 10 mL
of 2% lidocaine can be infiltrated to desensitize the nerve.
Older animals may also require hemicircumferential infiltra-
tion of the caudal aspect of the horn base to anesthetize
cutaneous branches that originated in the second cervical
spinal nerve.

Goats have different innervation of the horn base region.
In addition to the cornual nerve, branches of the infratroch-
lear nerve extend to the horn base (see Figure 5-24). In adult
goats, the cornual branch of the zygomaticotemporal nerve
is desensitized with a 22-gauge, 1-inch needle and 2 to 3 mL
of lidocaine at a location halfway between the lateral canthus

Figure 5-24 Cornual nerve block in the cow and the goat.
Note the additional location for infiltration in the goat. (From
Muir WW, Hubbel JAE, Skarda RT, Bednarski R: Handbook of
veterinary anesthesia, ed 3, St. Louis, 2000, Mosby.)
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of the eye and the lateral horn base, as close as possible to
the ridge of the supraorbital process. The infratrochlear
branches are desensitized by injecting 2 to 3 mL of lidocaine
halfway between the medial canthus of the eye and the
medial horn base dorsal and parallel to the dorsomedial
margin of the orbit. This infiltration should be performed as
a line block because the nerve is branched. It is important to
use as small an amount of lidocaine (maximum dose of
10 mg/kg) as possible in goats because of their extreme
sensitivity to lidocaine toxicity. When disbudding kids
younger than 14 days of age, one can divide 1 mL of 2%
lidocaine among the four sites to desensitize the horn bud.

Anesthesia for Abdominal Surgery

Regional anesthesia in the bovine is commonly used to access
the abdominal cavity. This can be accomplished by infiltra-
tion anesthesia, paravertebral nerve blocks, or, in smaller
animals, epidural anesthesia. All have the potential to
provide anesthesia of the flank region for surgical procedures
such as abomasal displacements, rumenotomy, cesarean
section, or intestinal surgery.

Infiltration Anesthesia

Infiltration of lidocaine at or around the incision site can
provide adequate analgesia for most minor surgical proce-
dures. Infiltration anesthesia is usually performed by using
a line block or an inverted L. The line block is performed
by making multiple subcutaneous (1 cm deep) and deep
(2-7 cm deep) injections of 1 to 2 mL of 2% lidocaine
along a proposed incision line. Up to 100 mL of 2% lidocaine
may be required in adult cattle, depending on the required
incision size and thickness of the body wall. Small amounts
of lidocaine should be used for line blocks in small rumi-
nants, especially goats, because of their sensitivity to the
drug. Potential disadvantages of this technique include pos-
sible increased surgical bleeding due to local vasodilation
(this can be minimized by adding epinephrine 1:100,000 to
1:200,000), delayed healing as a result of lidocaine in the
incision site, incomplete anesthesia of the deeper layers,
increased amounts of lidocaine required, risk of toxicity, and
inability to extend the incision during surgery without addi-
tional lidocaine infiltration. In the author’s experience these
issues rarely are significant.

An inverted-L infusion of anesthetic is used for flank
laparotomy and is performed by first injecting lidocaine
along the last rib and then horizontally just ventral to the
transverse processes. The technique is similar to the line
block, with multiple subcutaneous injections (1 cm deep)
and deeper muscle injections (2-7 cm deep). The disadvan-
tages are the same as for the line block, except lidocaine is
not in the incision site and therefore should not interfere
with healing.

Paravertebral Block

Paravertebral anesthesia has the potential to provide excel-
lent anesthesia of the entire flank region through blockade
of the last thoracic (T13) and first two lumbar (L1 and L2)
spinal nerves (Figure 5-25).

The nerves can be approached from the dorsal aspect of
the transverse processes of the lumbar vertebrae. The ends
of the transverse processes are palpated, starting caudally
just in front of the tuber coxa with L5 and working cranially
to the often very small, shorter, and harder-to-palpate L1.
The puncture site is located abaxial to the spinous process.
An 18-gauge, 31-inch needle is advanced in a ventral direc-
tion until the transverse process is encountered at an approx-
imate depth of 5 to 7 ¢m in an adult dairy cow. The needle
is then walked off the cranial edge of the process and
advanced ventrally to penetrate the costotransverse ligament

Figure 5-25 Proximal paravertebral nerve block. Note that
the needles are placed just cranially to the transverse processes
and less than 2.5 cm from midline. (From Muir WW, Hubbel
JAE, Skarda RT, Bednarski R: Handbook of veterinary anesthesia,
ed 3, St. Louis, 2000, Mosby.)

Figure 5-26 Distal paravertebral nerve block. Note that the
needles are placed just above and below each transverse process,
and lidocaine is infiltrated in a fan pattern. (From Muir WW,
Hubbel JAE, Skarda RT, Bednarski R: Handbook of veterinary
anesthesia, ed 3, St. Louis, 2000, Mosby.)

and intercostal membrane (best felt with a Tuohy needle).
After penetration of the costotransverse membrane, usually
palpable as a pop, 10 to 15 mL of 2% lidocaine per site may
be injected. Infiltration of the epaxial musculature as the
needle is advanced may be recommended to minimize
spasms of these muscle groups and discomfort to the cow.
There is potential, but unlikely, difficulty in palpating land-
marks in overconditioned cattle, scoliosis, moderate unilat-
eral ataxia (should the injectate migrate to L3 or further
caudad), and moderate to severe bilateral ataxia (should the
injectate migrate epidurally) and a risk of penetrating major
blood vessels or the spinal canal. Alternatively injections can
be made with an 18-gauge, 13-inch needle inserted parallel
to the tips of the processes of L1, L2, and L4 (Figure 5-26).

Epidural Anesthesia

A lumbosacral approach can be performed for procedures
involving the cranial abdomen. A similar dermatome can
also be obtained by administering larger volumes of local
anesthetic solution at the sacrococcygeal space (S5-Cx1) or
the first coccygeal space (Cx1-Cx2). Paralysis of the pelvic
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limbs will invariably occur. The L6-S1 space may be palpable
(difficult or impossible in pigs) as a depression in the spinal
column just caudal to a line drawn between the wings of the
ilium (see Figure 5-25). The block is performed with a 3- to
5-inch 18-gauge needle. The dosage of lidocaine is approxi-
mately 0.5 to 1 mL of 2% lidocaine per 4.5 kg body weight
for cattle. At either of the lower epidural locations, 40 to
150 mL (average 80 mL) may be required for adult cattle
and 5 to 25 mL (average 15 mL) in calves. The volume of
lidocaine injected is determined by the animal’s response to
the injection and the desensitization area size required by
the procedure. Adult cattle that are recovering from epidural
anesthesia with involvement of the pelvic limbs should have
excellent footing with their hind legs “hobbled” to prevent
abduction of the hind limbs and damage to the inner thigh
musculature.

Either lumbosacral or intercoccygeal spaces may be acces-
sible in swine (Figure 5-27). The dose for swine is the same
as that for cattle (0.5 to 1 mL of 2% lidocaine per 4.5 kg
body weight). Evidence suggests that a smaller dose may also
work (1 mL per 7.5 kg, plus 1 mL for every 10-kg increase
over 50 kg). Epidural xylazine has been examined in swine
by using 2 mg/kg in 5 mL of saline. This produced effective
immobilization and analgesia for 120 minutes after admin-
istration. In sows, 1 mg/kg xylazine in 10 mL of lidocaine
produces anesthesia and analgesia of the hindquarters.

Anesthesia for Perineal Surgery

Anesthesia of the perineal region may be required for surger-
ies of areas such as the tail, vagina, vulva, anus, rectum,
caudal prepuce, or scrotum; for repair of a prolapsed rectum
or vagina; difficult parturition; fetal manipulation during
dystocia; or perineal urethrostomy. Perineal anesthesia is
also useful to control tenesmus and uterine contractions.
Anesthesia of the perineal region is obtained by epidural
anesthesia and is performed at the sacrococcygeal region.

Epidural Anesthesia

A sacro- or intercoccygeal approach is commonly performed
in farm animals. The puncture site may be located at the
sacrococcygeal (S5-Cx1) or first coccygeal (Cx1-Cx2) space
(particularly in bovine, ovine, and caprine species, although
it may also apply to porcine). The S5-Cx1 interspace is
caudal to the spinal cord, and only the coccygeal nerves are
present. The correct location is palpated by moving the tail
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up and down with one hand while palpating the dorsal
spinous processes of the sacrum and coccygeal vertebrae
with the other hand (Figure 5-28). The sacrococcygeal space
is generally ossified in older animals, especially in cows,
whereas the intercoccygeal space is larger in most cows,
making penetration of this interspace more straightforward.
A 22-gauge, 2-inch needle (ideally Tuohy) may be used to
penetrate the space directly on the dorsal midline in an adult
cow. The needle is advanced with the bevel directed crani-
ally until a pop (best done with a Tuohy needle) is felt
(usually 2 to 4 cm deep). A hanging drop or a loss of resis-
tance technique may indicate when the needle is entering
the epidural space. Injection should be easy and without
resistance. Injection of 1 mL lidocaine per 100 kg body
weight (0.2 mg/kg) is recommended in adult cattle. This
approximates 5 to 6 mL for an average adult cow. Larger
doses may migrate too far cranially and block sciatic derma-
tomes causing moderate to severe ataxia and even recum-
bency. Onset time is usually 10 to 20 minutes, with a 30- to
150-minute duration range.

Xylazine alone or coadministered with the local anes-
thetic solution has been reported to potentiate the duration
of anesthesia. Xylazine at 0.03 mg/kg is diluted with lido-
caine to a 5-mL volume for an adult cow to provide anes-
thesia of the entire perineal region. Onset of action is within
3 to 4 minutes, and duration is approximately 100 minutes.

Caudal epidural anesthesia in small ruminants or swine
is performed by administering approximately 1 mL 2% lido-
caine per 50 kg at the sacrococcygeal or intercoccygeal space
with a 20- to 22-gauge needle (see Figures 5-26 and 5-27).

Anesthesia of the Foot
Anesthesia of the foot may be required for debridement of
severe foot abscesses, interdigital fibromas (corn) removal,
digit amputation, or laceration repair. Anesthesia can be
accomplished by performing a ring block of the limb above
the surgical site; however, this provides only minimal anes-
thesia and is often incomplete in its distribution. For inter-
digital surgery, such as interdigital fibroma removal, adequate
anesthesia can be provided by injecting 5 to 10 mL of 2%
lidocaine deeply (5 cm) approximately 2 to 3 cm proximal
to the interdigital space to desensitize the branches of the
medial dorsal and palmar (plantar) axial digital nerves.
The Bier block (IV regional anesthesia) requires place-
ment of a tourniquet in an area proximal to where the

Figure 5-27 Cranial epidural in swine. Note the large amount
of soft tissue overlying the lumbosacral space in the pig, neces-
sitating the use of a long needle. (From Muir WW, Hubbel JAE,
Skarda RT, Bednarski R: Handbook of veterinary anesthesia, ed
3, St. Louis, 2000, Mosby.)

Figure 5-28 Locations for cranial and caudal epidural in a
goat. The locations are similar for the cow and sheep. The
sacrococcygeal location is usually ossified in the adult cow.
(From Muir WW, Hubbel JAE, Skarda RT, Bednarski R: Hand-
book of veterinary anesthesia, ed 3, St. Louis, 2000, Mosby.)
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Figure 5-29 Intravenous regional anesthesia of the distal
limb in the bovine. The suggested sites are only for reference;
any visible or palpable vessel may be used. (From Muir WW,
Hubbel JAE, Skarda RT, Bednarski R: Handbook of veterinary
anesthesia, ed 3, St. Louis, 2000, Mosby.)

surgical lesion is located and injecting lidocaine into the
distal limb veins. Regional anesthesia is produced for as long
as the tourniquet is in place. Up to 30 mL of 2% lidocaine
may be injected into one of the following veins: the dorsal
metacarpal (metatarsal) vein, palmar (plantar) digital vein,
dorsal digital vein, or lateral saphenous vein with a 20- or
22-gauge butterfly catheter (Figure 5-29). Advantages of IV
regional anesthesia include complete anesthesia of the foot,
only one injection required, a smaller amount of lidocaine
required, and rapid onset of anesthesia. The tourniquet
should be released slowly to prevent signs of lidocaine toxic-
ity from rapid release of the lidocaine into the systemic
circulation. A tourniquet can be safely left in place for up to
90 minutes without loosening.

Anesthesia of the Udder and Teat

The udder has a complex innervation. It is served from fibers
originating from L3 and L4 (caudal aspect) as well as L1 and
L2 (cranial aspect). A paravertebral block or an epidural
block with a large amount of local anesthetic can be done to
provide anesthesia. However, weakness of the pelvic limbs
may result, and animals can injure themselves when standing
after the procedure. For procedures that involve the external
teat surface, such as laceration repair, a ring block or IV
regional anesthesia of the teat is usually adequate. For pro-
cedures that only affect the cistern, infiltration of local anes-
thetic solution into the cistern itself may be sufficient.

Ring Block

An elastic band (tourniquet) may be placed around the base
of the teat. With a 25-gauge needle, 5 to 6 mL of lidocaine
can be infiltrated around the teat. Gentle massage will facili-
tate diffusion into deeper tissues.

Cistern Infusion

For procedures affecting the mucous membrane lining of the
teat, such as polyp removals or opening of spider teats, an
infusion into the teat cistern of approximately 10 mL of local
anesthetic with a teat cannula is usually sufficient to provide
anesthesia. A tourniquet needs to be applied to the base of
the teat to prevent any milk diluting the local anesthetic
solution.

IV Regional Anesthesia of the Teat

After a tourniquet is placed at the base of the teat, any
superficial vein can be catheterized and infused with approx-
imately 5 to 7 mL of lidocaine. This will anesthetize the
entire teat distal to the tourniquet.
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LAPAROSCOPIC SURGERY B |

André Desrochers and Marie Babkine

Laparoscopy is a minimally invasive technique that permits
the observation of the abdominal organs. Several authors have
used laparoscopy on the bovine species in order to describe
their normal anatomy, evaluate the reproductive system,
or help diagnose traumatic reticuloperitonitis. However, in
1998, Janowitz described a laparoscopic technique for the
correction and fixation of a left displaced abomasum that
popularized the technique and has been used in field condi-
tions since then. It is thoroughly described in Chapter 14.

There are three basic approaches in ruminants: ventral,
right, or left flank approach. The surgeon must have a pre-
liminary diagnosis before choosing the laparoscope insertion
site. The laparoscopic instruments have limited length, pre-
venting complete exploration or access by one approach.
Although the left and right sides can be easily prepared
surgically, the surgeon might switch from one side to the
other if needed.

LAPAROSCOPIC TECHNIQUE
Equipment

Laparoscopes have different lengths, diameters, and lens
angles depending on the procedure, size of the animal, or
the surgeon’s preference. The light source must be powerful
for adequate viewing of such a large cavity. It consists of a
300-watt xenon bulb. Depending on the company, abdomi-
nal insufflators use either CO, (Richard Wolf, Knittlingen,
Germany) or filtered ambient air (Dr. Fritz, Tuttlingen,
Germany) or simply passive abdominal distention. Conven-
tional insufflators are equipped with a pressure control
system (Richard Wolf, Knittlingen, Germany) (Figure 6-1).
A 0-degree laparoscope is most commonly used in cattle.
It allows direct vision with a limited field, which is enough
for most common procedures. However, a 25-degree to
30-degree laparoscope gives you access to laterally deviated
organs or structures (Figure 6-2).

A Veress needle is usually recommended to create a pneu-
moperitoneum. Its design allows a safe abdominal insertion.
However, the thickness of the abdominal wall makes it dif-
ficult to use effectively in cattle. It has a tendency to abut
on the peritoneum with subsequent retroperitoneal insuffla-
tion compromising further insertion.

Alternatively, there are many different types of trocar/
cannula units, and those that are frequently used in cattle
are reusable, 5 to 12 mm of diameter, blunt or sharp points,
and of different lengths depending of the approach (Figure
6-3). The outside of the cannula is usually smooth, allowing
easy insertion. However, it has a tendency to come out (that
is, retract) easily; consequently, the surgeon can lose abdomi-
nal distention. Threaded cannulas or distal cuffs (intraab-
dominal) are designed to avoid this annoyance. Special
gaskets allow a smaller instrument to be safely used in a larger
diameter cannula without losing the pneumoperitoneum.

Preparation and Anesthesia

Fasting for 24 to 48 hours is always recommended to decrease
the volume of the forestomachs, especially if the animal is
in dorsal recumbency, to avoid bloating and to improve
viewing. Furthermore, fasting decreases the chances of per-
forating an organ while entering the abdomen with the
primary trocar. Note: cattle undergoing laparoscopic abo-
masopexy do not necessarily have to be off feed because they
were most likely anorexic; therefore their forestomachs are
already smaller.

The flank or ventral abdomen is surgically prepared.
Usually laparoscopic procedures are performed under se-
dation and local infiltration of lidocaine 2%. Xylazine,
acepromazine, butorphanol, or solution containing ketamine-
butorphanol and xylazine (see Chapter 5) have been used by
the authors according to the surgical condition and surgical
approach.

Pneumoperitoneum

Right and left flank pneumoperitoneum in cattle is obtained
after the direct insertion of a 5-mm trocar-cannula unit into
the abdominal cavity. On the left side, its insertion is through
a 1- to 2-cm cutaneous incision, 5 cm behind the caudal
aspect of the last rib and 8 cm ventral to the extremity of
the transverse processes (Figure 6-4). The exact insertion
site will vary depending on a potentially distended organ in
the paralumbar fossa. A more caudal entry site, 5 cm below
the point of the tuber coxae in the hollow of the flank, can
also be used especially on the right side. The trocar-cannula
unit must be aimed caudodorsally on the right side to avoid
organs. The trocar itself and the top portion of the cannula
are removed to let the air enter faster into the abdomen. This
technique precludes the use of an insufflator in some situa-
tions. The same technique can be used on the left side and
is actually safer even if followed by a laparoscopic examina-
tion with a right flank celiotomy. It can be left in place
afterward or removed after the other ports are positioned.
To ensure that a digestive organ has not been perforated, the
air escaping the abdomen must be odorless. Sterile saline can
also be injected into the cannula and should flow easily. If
needed, the insufflator may then be attached, and a pneu-
moperitoneum is induced. At this time, a possible complica-
tion besides the accidental penetration of a digestive organ
would be the insufflation of the retroperitoneal space leading
to detachment of the peritoneum. This is due to an insuffi-
ciently long or incorrectly positioned needle as mentioned
earlier.

With a ventral approach, the pneumoperitoneum can be
obtained by one of two approaches through a full-thickness
abdominal incision with an 8- to 10-mm trocar-cannula
unit: 10 cm caudal to the xiphoid process or just left to the
umbilicus if a ventral laparoscopic abomasopexy is to be
performed. After the tip of the insertion trocar is through
the wall, it is oriented parallel to the body wall and inserted
further inside. The trocar is removed and the laparoscope
inserted to first confirm adequate positioning by viewing the
spleen and the diaphragm. Accidental penetration of the
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Figure 6-1 A typical laparoscopic tower: 1, monitor; 2, light
source; 3, video camera; 4, CO, insufflator.

Figure 6-2 Laparoscopes of different lengths and lens angle.
Both have a diameter of 10 mm. A, 30-cm laparoscope with a
lens angle of 30 degrees. B, 30-cm laparoscope with a lens angle
of 0 degrees.

omental leaves might happen. If it does, the laparoscope is
withdrawn at the near end of the cannula, which is pulled
gently until the peritoneum can be seen. Only then can the
insufflation begin.

NORMAL ANATOMY

Right Flank

With the laparoscope pointed cranially, the following organs
can be identified (Figure 6-5): caudal lobe and right lobe of
the liver; the diaphragm; a portion of the cranial duodenum;
the sigmoid flexure; the descending duodenum; the greater
and lesser omentum; the right kidney surrounded by adipose
tissue in the retroperitoneal space; the epiploic foramen; and
the pancreas (Figures 6-6 to 6-8).

1

—

Figure 6-3 Different cannula-trocar units: 1, 10-mm threaded
cannula; 2, 8-mm cannula; 3, 10-mm smooth cannula; 4, 5-mm
cannula.

Figure 6-4 Insertion sites of a 5-mm cannula-trocar unit to
obtain a pneumoperitoneum in the left flank. The lines show
the important landmarks: last rib, transverse processes, and
tuber coxae. 1, cranial insertion site; 2, caudal insertion site.

The following organs can be seen with caudal orientation
of the laparoscope (Figure 6-9): part of the descending duo-
denum and the greater omentum where it forms the supra-
epiploic bursa. If the laparoscope is long enough or if it is
inserted more caudally, it is possible to view the genital
system of the cow, dorsal sac of the rumen, the cecum, the
intestines, and the descending colon (Figure 6-10). It is also
possible to see the bladder if the uterus is raised by an assis-
tant doing a rectal palpation (Figure 6-11). The ovarian
structures can equally be identified using this technique
(Figure 6-12). Therefore the assistance of a person perform-
ing a rectal palpation, lifting the rectum, and manipulating
the reproductive system of the cow can permit a better
visualization of the right caudal abdomen of the cow.

Left Flank

The exploration of the left side of the abdominal cavity
is achieved by orienting the laparoscope caudally (Figure
6-13): the dorsal sac of the rumen, the left kidney covered
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Figure 6-5 Right flank laparoscopy. The laparoscope is oriented
cranially. Light source is highlighting the visible organs from
this position. dD, descending duodenum; GO, greater omentum;
K, right kidney in the retroperitoneal space; LcL, caudate lobe
of the liver; LrL, right lobe of the liver; gB, gall-bladder; A,
abomasum. (With permission. Babkine M, et al: Laparoscopic
surgery in cattle, Vet Clin North Am Food Anim Pract 21:251-
279, 2005))

Figure 6-6 Right flank laparoscopy, cranial view. rK, right
kidney; fe, epiploic foramen; Lcl, caudate lobe; Lrl, right lobe
of the liver; D, diaphragm.

in retroperitoneal fat, the rectum, part of the intestines, a
portion of the spiral colon, and the uterus are visible (Figure
6-14). The spiral colon, uterus, and left ovary are more easily
visualized by manipulating the rectum during a transrectal
palpation. A cranial orientation of the laparoscope (Figure
6-15) will allow the observation of part of the diaphragm,
the spleen, the rumen, and possibly the greater omentum’s
attachment on the rumen (Figure 6-16). If there is a left
displaced abomasum, it will be easily identified between the
abdominal wall and the rumen.

Figure 6-7 Right flank laparoscopy, cranioventral view. P, pan-
creas; LrL, right lobe of the liver; dD, descending duodenum;
GO, greater omentum.

Figure 6-8 Right flank laparoscopy, cranioventral view. dD,
descending duodenum; Lcl, caudate lobe; Lrl, right lobe of the
liver; SF, sigmoid flexure of the duodenum; cD, cranial duode-
num; gB, gallbladder.

Ventral

The laparoscope is inserted to the left of the umbilicus and
is oriented toward the left cranial portion of the abdomen
(Figure 6-17). The diaphragm, the spleen, and the rumen are
easily identified (Figure 6-18). By manipulating the laparo-
scope left to right in the cranial portion of the abdomen, the
diaphragm, the reticulum, sometimes part of the liver, and
the omentum covering the rumen are visible. The reticulum
is recognizable by its biphasic contractions. If the abomasum
is dilated, it is visible against the right ventral abdominal
wall. The abomasum is recognized by its serosa and the
insertion of the greater omentum. The reticuloabomasal liga-
ment can sometimes be identified (Figure 6-19). A portion
of the pyloric part of the abomasum may be identified against
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Figure 6-9 Right flank laparoscopy. The laparoscope is oriented
caudally. The light source is highlighting the visible organs
from this position. U, uterus; uB, urinary bladder; R, rectum;
C, cecum; dD, descending duodenum; GO, greater omentum;
K, right kidney in the retroperitoneal space; LcL, caudate lobe
of the liver; LrL, right lobe of the liver; gB, gallbladder. (With
permission. Babkine M, et al: Laparoscopic surgery in cattle, Vet
Clin North Am Food Anim Pract, 21:251-279, 2005.)

Figure 6-10 Right flank laparoscopy, caudal view. rO, right
ovary; U, uterus; dC, descending colon; C, cecum; Of, omental
fold; dD, descending duodenum.

the right abdominal wall by moving the laparoscope the most
dorsally possible, in the same axis as the umbilicus.

INDICATIONS

The main indication of laparoscopy in cattle is for diagnostic
purposes and for abomasal decompression and fixation.
Because the procedure can be easily done on an animal
standing under sedation and local anesthesia, it can be per-
formed easily in a field situation. The laparoscopic examina-
tion of the abdomen might replace the use of ultrasound as
a diagnostic tool in certain conditions when the dorsal

Figure 6-11 Right flank laparoscopy, caudal view with the
uterus moved away by rectal manipulation. UB, urinary bladder.

Figure 6-12 Right flank laparoscopy, caudal view. Urh, right
horn of the uterus; Ulh, left horn of the uterus; UB, urinary
bladder.

abdominal cavity must be investigated. Laparoscopic abo-
masopexy will be discussed thoroughly in Chapter 14.

The advantages of the use of laparoscopy-guided biopsy
techniques are the direct visualization of the target organ
and the selection of the exact biopsy site. In this way,
biopsies of the wrong organ are avoided, and possible hem-
orrhages are identified and controlled. The direct view of
the target organ can also provide additional information
concerning the condition and eventually its prognosis. In
the equine species, biopsy techniques are described for the
liver, kidneys, spleen, lymphatic nodes, and other masses.
Similarly, in the bovine species, the first reports on organ
biopsy by laparoscopy guidance involved the kidney, which
is described by Naoi and associates (1985). In this tech-
nique, the laparoscope is introduced in the middle of the
right paralumbar fossa after the site has been surgically
prepared (local anesthesia and a 2-cm cutaneous incision).
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Figure 6-13 Left flank laparoscopy, caudal view. The light
source is highlighting visible organs from this position. R,
rectum; U, uterus; uB, urinary bladder; IK, left kidney from the
retroperitoneal space; sCo, spiral colon; C, cecum; SI, small
intestine; Ru, rumen; GO, greater omentum at its insertion on
the rumen; S, spleen. (With permission. Babkine M, et al: Lapa-
roscopic surgery in cattle, Vet Clin North Am Food Anim Pract
21:251-279, 2005.)

Figure 6-14 Left flank laparoscopic view, dorsal to the rumen.
sCo, spiral colon; SI, small intestines; 1K, left kidney; Ru, rumen.

A Franklin-Silverman biopsy needle is used and is intro-
duced 5 cm below the transverse processes, behind the
last rib. The biopsy is completed using the sharp part of
the needle. It allows one to take a biopsy that is on aver-
age 1.5 mm in diameter and 16 mm in length.

Klein and associates (2002) describe an intestinal biopsy
technique. This technique is described on calves and sheep
placed under general anesthesia in dorsal recumbency. The
biopsy is performed outside of the abdominal cavity after
the intestine is caught and held laparoscopically with grasp-
ing forceps.

Abdominal exploration via laparoscopy can be extremely
useful in the diagnosis and prognosis of certain conditions.

Figure 6-15 Left flank laparoscopy, cranial view. The light
source is highlighting the visible organs from this position. 1K,
left kidney retroperitoneal; Ru, rumen; GO, greater omentum;
S, spleen. (With permission. Babkine M, et al: Laparoscopic
surgery in cattle, Ver Clin North Am Food Anim Pract 21:251-
279, 2005))

4

Figure 6-16 Left flank laparoscopy, cranial view. W, body wall;
D, diaphragm; S, spleen; Ru, rumen.

For example, the authors have evaluated important conse-
quences of ischemias of the uterine blood vessels after severe
torsion of the uterus. Despite successful interventions to
correct this condition, the uterus may remain devitalized
and undergo necrosis, explaining slow recovery after the
torsion reduction. Incorrect fixation of the abomasum may
prevent normal transit. The motility and organ position can
be evaluated by ultrasound but not the fixation itself.
Although the abomasum can still be sutured to the body
wall, functional stenosis may occur from malpositioning or
suturing errors.

Cranioventral adhesions are common in cattle. They are
usually secondary to reticuloperitonitis or abomasal ulcer.
Exploration of the cranioventral abdomen by laparoscopy
using a ventral approach allows for a good view of the
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Figure 6-17 Ventral laparoscopy, cranial view. The light source
is highlighting the visible organs from this position. S, spleen;
Re, reticulum; L, part of the right lobe of the liver; A, aboma-
sum; GO, greater omentum. (With permission. Babkine M,

et al: Laparoscopic surgery in cattle, Vet Clin North Am Food

Anim Pract 21:251-279, 2005.)

Figure 6-18 Ventral laparoscopy, cranial view. Re, reticulum;
Ru, rumen; D, diaphragm; S, spleen.

h

Figure 6-19 Ventral laparoscopy, cranial view. D, diaphragm;
Re, reticulum; A, abomasum.

ry, EX

Figure 6-20 Ventral laparoscopy, cranial view: adhesions
between the right ventral abdominal wall and the reticulum.

Figure 6-21 Right flank laparoscopy cranial view: adhesions are
mostly present ventrally, leaving a small portion of the dorsal
abdomen to be viewed.

abomasum and the reticular region without massively invad-
ing the abdomen (Figure 6-20).

Postoperative evolution can be slow in some animals.
Diagnostics of adhesions or local peritonitis is somehow dif-
ficult to confirm without performing a second laparotomy.
Without knowing exactly which organs are involved and
where the possible lesion is, it can be hazardous to perform
a laparotomy. A second look can be done by laparoscopy with
less stress on the animal. Then the surgeon can decide
whether or not to intervene with few consequences on the
animal (Figure 6-21).
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THORACOSCOPY B

Sylvain Nichols

Thoracoscopy is a minimally invasive surgery that may be
used as a diagnostic or therapeutic tool. It is complementary
to other imaging modalities (radiography and ultrasonogra-
phy) in the diagnosis of pulmonary (abscess, emphysematous
bulla, neoplasia), esophageal, and cardiac pathologies. It can
help establish drainage of a pulmonary abscess or idiopathic
pericardial effusion.

The surgical technique has been described in healthy
cattle. The ninth intercostal space (ICS), in the middle of
the upper third of the thoracic cavity, is the ideal location
for the insertion of the scope (Figure 6-22). It allows local-
ization of most of the pleural structures with minimal dis-
comfort to the animal. Using the seventh or eighth ICS, in
the middle of the middle third of the thoracic cavity, may
allow better evaluation of the cranioventral structures (peri-
cardium). However, movement of the scope, at this location,
is difficult and is painful for the animal.

PREOPERATIVE TREATMENTS AND
SURGICAL PREPARATION

Keeping the cow off feed, before the procedure, is not man-
datory. Nonsteroidal antiinflammatory drugs (NSAIDs) are

Figure 6-22 Adult cow is shaved and cleaned before local block.
The “X” is marking the ninth ICS where the scope will enter
the left thoracic cavity. Therefore locoregional anesthesia will
be performed at the eighth, ninth, and tenth ICS. Local anes-
thesia will also be realized at the surgery site. The white line
represents the caudal border of the pleural cavity. The border
was determined by ultrasonography using a 7.5-mHz linear
probe.

indicated. Nervous animals can be sedated with aceproma-
zine (0.05mg/kg IM). This molecule is better than alpha-2
agonists (xylazine) because it causes less cardiovascular
depression and is less likely to cause the cow to lie down
during the procedure. The cow is restrained in a standing
chute, and the thoracic cavity, on which the procedure will
be performed, is shaved and cleaned. At this stage, the
pleural cavity can be evaluated with the ultrasound to deter-
mine that the site chosen for surgery is free of adhesions or
any other pathology. Then a combination of locoregional
block and local anesthesia is used to desensitize the surgical
site. Fifteen milliliters of 2% lidocaine is infiltrated, dorsal
to the surgery site, at the neurovascular bundle of the eighth,
ninth, and tenth ICSs (see Figure 6-22). Another 10 mL of
2% lidocaine is infiltrated in the subcutaneous tissue and the
intercostal muscles at the surgery site. The shaved area is
aseptically prepared. Because it has been shown that creating
a unilateral pneumothorax has a significant effect on blood
gas values (saturation and PaO,) on healthy cattle, an intra-
nasal cannula is secured to the cow’s nostril, and O, supple-
mentation is begun just before the surgery.

SURGICAL TECHNIQUE

A 1-cm skin incision is created with a No. 21 blade in the
middle of the ICS prepared. With the same blade, the sub-
cutaneous tissue and the external fascia of the intercostal
muscle are incised. A blunt, 3-inch-long, sterile teat cannula
is then inserted in the pleural cavity. Room air is allowed to
penetrate the pleural cavity for four or five breathing cycles.
The teat cannula is replaced by a 15-cm-long, 10-mm diam-
eter, pyramidal trocar-cannula unit. By twisting gently, the
unit is pushed into the pleural cavity. The trocar is replaced
by a 57-cm-long, 10-mm-diameter rigid scope with a
30-degree viewing angle. A shorter scope or a scope with
0-degree viewing angle limits the evaluation of the cavity.
Insufflation of the pleural cavity is not necessary but can be
used. If no insufflation is used, the stopcock of the scope is
left open during the procedure. If insufflation is used, it is
important not to exceed 3 mm Hg of pressure to avoid car-
diovascular collapse. At the end of the procedure, the nega-
tive pressure is reestablished by removing the air with a
suction device attached to the cannula. The lung inflation is
observed by retracting the scope within the cannula. When
all the air has been removed, the cannula and the scope are
removed. A cruciate suture is placed on the skin incision.

ANATOMIC PARTICULARITY

Most of the pleural and mediastinal structures can be seen
from both sides of the thorax. However, the esophagus, the
vagal nerve, and the aortic arch are better viewed from
the left pleural cavity (Figure 6-23). The pericardium is
difficult to see. It is seen more frequently from the right
side (Figure 6-24).

POSTOPERATIVE TREATMENTS
AND COMPLICATIONS

After resolution of the pneumothorax, the vital parameters
(heart rate and respiratory rate) and blood gas values (satura-
tion and PaO,) quickly return within normal limits. NSAID
administration, after a thoracic exploratory, does not need
to be repeated. The pleural cavity can be evaluated by
ultrasonography or by taking postoperative radiographs to
determine the presence of a residual pneumothorax. In a
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Figure 6-23 View of the left pleural cavity from the ninth ICS.

A 57-cm-long, 10-mm-diameter rigid scope with a 30-degree
viewing angle was used to obtain this picture.
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Figure 6-24 View of the right pleural cavity from the ninth
ICS. A 57-cm-long, 10-mm-diameter rigid scope with a
30-degree viewing angle was used to obtain this picture.

meta-analysis performed in human medicine, it was shown
that ultrasound had a better sensitivity and specificity in
diagnosing a pneumothorax compared with radiography. The
skin suture is removed 14 days after the procedure.

Complications can occur when the pleural cavity is pen-
etrated by the trocar-cannula unit. The lung can be lacerated
resulting in mild hemorrhage or air leakage that can cause
pneumothorax in the postoperative period. During the pro-
cedure, a cow with bilateral pathology may have cardiorespi-
ratory collapse that will reduce the time available for
exploration. At the end of the surgery, when reestablishing
the negative pressure, some cows may cough or become
agitated if the air is removed too quickly. In the postopera-
tive period, subcutaneous emphysema can develop without
any consequences on the general attitude of the cow. The
emphysema resolves without treatment. Similarly, a mild
pneumothorax may still be present after the surgery. If vital
parameters are altered, the air may be removed using a teat
cannula attached to a suction device. A chest tube, attached
to a Heimlich valve, can be used if deemed necessary.
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Postoperative Management
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altered gastrointestinal (GI) motility as a consequence

of primary disease, pain, reduced food intake, and
anesthesia. Special attention paid to postoperative analgesia
and nutritional support of bovine patients can reduce recov-
ery time and improve case outcome.

r I Yhe postoperative period is often characterized by

POSTOPERATIVE ANALGESIA

Postoperative pain management in the bovine patient is
important from both a medical and ethical standpoint.
Improving patients’ comfort following surgery hastens their
return to feed and normal GI function, thereby improving
patient outcome and overall case success.

It should be noted that there are currently no drugs
approved for analgesic use in cattle in the United States.
Flunixin meglumine (Banamine) is the only drug with anal-
gesic properties labeled for use in cattle, and it is indicated
for the control of pyrexia and inflammation, not for the
control of pain. Although there are currently no approved
analgesics for use in cattle, the United States Food and Drug
Administration (FDA) Center for Veterinary Medicine sup-
ports the ethical treatment and management of cattle and
aims to improve the availability of safe and effective drugs
for the control of pain. It is imperative that clinicians recog-
nize that all use of analgesics in food-producing animals is
extralabel and therefore must be prescribed by a licensed
veterinarian within the context of a veterinarian-client-
patient relationship. Extralabel drug use for pain relief in the
United States is regulated under the Animal Medicinal Drug
Use Clarification Act (AMDUCA). Recommended with-
drawal times must always be strictly observed to avoid viola-
tive milk and meat residues. The most commonly used
analgesics in cattle are summarized here.

Nonsteroidal Antiinflammatory Drugs
Nonsteroidal antiinflammatory drugs (NSAIDs) exert both
antiinflammatory and analgesic effects through the reduc-
tion of prostaglandin synthesis by inhibition of the enzyme
cyclooxygenase in the peripheral tissues and central nervous
system.

Flunixin Meglumine

Currently, flunixin meglumine is the only NSAID approved
for use in cattle in the United States; it is labeled for control
of fever associated with respiratory disease or mastitis and
fever and inflammation associated with endotoxemia. Flu-
nixin is generally administered every 12 to 24 hours intra-
venously (IV) at a recommended dose of 0.5 to 2.2 mg/kg.
Intramuscular (IM) administration of flunixin poses a sig-
nificant risk of myonecrosis and tissue residues. Frequently
noted side effects include GI ulcers and renal toxicity, and
this drug should be avoided in dehydrated animals as well as
those with renal compromise. Prolonged use should be
avoided in all patients to minimize side effects.

Phenylbutazone

Phenylbutazone is associated with rare but fatal side effects
in humans, including aplastic anemia, leukopenia, and
thrombocytopenia and is therefore strongly discouraged as
an analgesic in food-producing animals. The FDA prohibits
its extralabel use in female dairy cattle 20 months of age or
older. There is also a zero tolerance for phenylbutazone resi-
dues in edible tissues from any class of animal.

Meloxicam

Meloxicam is an affordable and orally bioavailable NSAID
that has been experimentally shown to alleviate pain associ-
ated with dehorning, mastitis, and lameness in cattle. The
recommended dose of 0.5 to 1.0 mg/kg orally every 24 hours
makes this drug useful for long-term on-farm treatment.
The recommended dose of meloxicam in sheep and goats
is 0.5 mg/kg orally every 24 hours. An injectable form of
meloxicam is approved for use in cattle in Europe; however,
it remains cost prohibitive in the United States.

Ketoprofen

Ketoprofen is approved for use in cattle in the European
Union and Canada for the alleviation of inflammation and
pain associated with arthritis and traumatic musculoskeletal
injuries and as an adjunctive therapy for the alleviation of
fever, pain, and inflammation associated with acute clinical
mastitis. The recommended dose is 3.3 mg/kg by IV or IM
injection every 24 hours for up to 3 days.

Opioids

Opioids exert their analgesic effects through the binding
of spinal and supraspinal y, §, and « receptors. Although
receptor activation produces a strong analgesic effect, it has
been associated with respiratory depression, sedation, and
decreased GI motility in other species, and therefore partial
and mixed-receptor opioids have been developed for clinical
use. Opioids are designated as schedule 3 drugs in the United
States and are subject to regulation by the Drug Enforcement
Administration.

Morphine

Morphine is a pure U receptor agonist that acts on receptors
in the spinal cord and central nervous system. Side effects
in cattle include bradycardia, respiratory depression, hypo-
tension, and decreased GI motility. The recommended sys-
temic dose is 0.05 to 0.1 mg/kg IV, IM, or subcutaneously
(SC) every 4 to 12 hours. Because morphine exerts its effects
on receptors in the spinal cord, it can be used very effectively
as an epidural medication with or without the addition of an
02 adrenergic agonist, such as xylazine. The recommended
morphine epidural dose is 0.1 mg/kg every 12 hours. Xyla-
zine may be added at a dose of 0.05 to 0.07 mg/kg. Neither
morphine nor xylazine should cause ataxia or paralysis when
delivered epidurally.

Butorphanol
Butorphanol is a k receptor agonist and L receptor antago-
nist. Butorphanol requires a higher dose than in other species
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and has a relatively short duration of action, making this drug
cost prohibitive in some cases. The recommended dose is
0.02-0.25 mg/kg IV or SC every 4 to 6 hours. Because of its
W receptor antagonist activity, butorphanol should not be
used in combination with morphine.

Gabapentin

Gabapentin is a y-aminobutyric acid analog developed for
the treatment of epilepsy and neuropathic pain. It exerts its
effects via binding of the 028 subunit of voltage-gated
calcium channels in the central nervous system, thereby
preventing the release of excitatory neurotransmitters. Phar-
macokinetic studies in ruminants suggest that a dose of
15 mg/kg orally every 12 hours maintains plasma levels
above the human effective threshold, and this drug may hold
promise as an oral option for treating chronic and neuro-
pathic pain in food animals.

NUTRITIONAL MANAGEMENT B |

SallyAnne L. Ness

Postoperative nutritional support focuses on returning the
GI tract to normal function in the immediate postoperative
period with less attention on specific long-term nutritional
needs of the patient. More attention must be given to the
nutritional needs of neonates and debilitated patients imme-
diately after surgery, including partial and total parenteral
nutrition. The nutritional support of these critical care
patients is beyond the scope of this chapter.

EVALUATION OF GI FUNCTION

Evaluation of the GI tract, especially the forestomachs and
abomasum, is fundamental to postoperative evaluation of a
ruminant patient. During the immediate postoperative
period, the most important GI tract features to monitor are
GI fill, motility, and microflora.

Gastrointestinal Fill

In most surgical cases, the forestomachs are less full than
normal because of anorexia or intentional preoperative
fasting. Notable exceptions include vagal indigestion, carbo-
hydrate engorgement, and obstructive diseases of the GI
tract. As appetite returns after surgery, the rumenoreticu-
lum and eventually the entire tract regain the appropriate
fill. Gastrointestinal fill can best be evaluated by observing
the abdominal contour combined with rectal palpation in
cattle or transabdominal palpation and ultrasound examina-
tion in small ruminants. Discussion of evaluation of abdomi-
nal distention is discussed in Chapter 1. The most important
abnormal contours of postoperative patients include the fol-
lowing: 1) dorsal and ventral distention on the left with
ventral distention on the right; 2) prominent dorsal disten-
tion on the left with ventral distention on the right; and 3)
bilateral ventral distention.

Dorsal and Ventral Distention on the Left with
Ventral Distention on the Right

Dorsal and ventral distention on the left with ventral disten-
tion on the right indicates rumenoreticular distention—with
or without abomasal distention—that is often, but not exclu-
sively, caused by vagal indigestion. Rectal palpation of a full
rumen with an enlarged ventral sac confirms the assessment.
Deep palpation of the right ventral flank is recommended to
determine whether the abomasum is involved, but experi-
ence indicates a distended ventral sac of the rumen can
also be palpated in that area. Sonographic examination and

visualization of an enlarged fluid-filled abomasum confirms
abomasal distention. Evaluating plasma electrolytes, particu-
larly chloride concentration, is helpful to determine if there
are abomasal outflow problems. Hypochloremia and meta-
bolic alkalosis indicate abomasal outflow failure, but postop-
erative intravenous fluid therapy may obfuscate interpretation
of this important preoperative test in the postoperative
period.

Prominent Dorsal Distention on the Left with
Ventral Distention on the Right

Prominent dorsal distention on the left with ventral disten-
tion on the right usually indicates the same functional fail-
ures as the first abdominal contour, with the additional
problem of free-gas bloat or eructation failure. This can be
confirmed by rectal palpation and by passing an orogastric
tube. Periruminal abscess and ascites are two uncommon
conditions that can cause pathology (neurogenic, mechani-
cal, or functional) that result in this abdominal contour. A
periruminal abscess may also physically occupy the left para-
lumbar fossa, giving the external appearance of bloat. Often,
the diagnosis is missed or delayed because the history
includes bloating in the past, which tends to lead the exam-
iner to assume the distention continues to be caused by
ruminal tympany. There may also be a history of bloat
treated with needle trocarization or intraruminal injection
of antisurfactant products or by rumenotomy. On external
palpation of the left paralumbar fossa, the structure may
even feel like a gas-filled rumen because of gas in the abscess.
However, upon rectal examination, the examiner is unable
to pass a hand between the rumen and left abdominal wall,
and the abscess usually feels firmer than a rumen. Sono-
graphic examination rectally or transabdominally is useful,
and centesis of the mass is confirmatory. In ascites secondary
to uroperitoneum or peritonitis, the large amount of perito-
neal fluid can push a rather small gas-filled rumen into the
left paralumbar fossa and give the external appearance of
rumen distention with bloat. Rectal palpation and abdomi-
nal sonography or centesis are confirmatory.

Bilateral Ventral Distention

Bilateral ventral distention usually indicates free abdominal
fluid such as that accompanying uroperitoneum or diffuse
peritonitis. It is similar to the second shape but without the
dorsal distention and yields a more symmetric shape. Sonog-
raphy can differentiate abdominal fluid from intestinal ileus,
another possible cause of this contour. Abdominocentesis
will allow characterization of the fluid and may help to
determine a definitive diagnosis.

The relationships between ruminal fill and feed intake
and ruminal fill and fecal production are important to con-
sider. If the rumenoreticulum fills rapidly with the presence
of dehydration or commensurate absence of fecal production
during the postoperative period, there is most likely a dys-
function of the forestomach compartment or abomasum. As
mentioned previously, plasma electrolytes are often useful
in assessing abomasal outflow, which may indicate abnormal
abomasal motility, intestinal hypomotility, or obstruction.
Other means of indirectly assessing abomasal and intestinal
motility are auscultation, rectal palpation, and ultrasonogra-
phy. The absence of gastrointestinal sounds is a more reliable
sign than the presence of sounds. The presence of sounds
emanating from one area of the GI tract does not mean
that the other areas of the tract are moving, nor does it prove
that the area producing sounds is functioning properly.
However, the total absence of auscultatable motility can be
a foreboding sign. Fluid-filled, amotile intestine on rectal
or ultrasound examination indicates functional or physical
obstruction of the intestinal tract.



Gastrointestinal Motility

As defined in human medicine, postoperative ileus is abnor-
mal motility of the GI tract that follows almost every major
surgical procedure, especially abdominal surgery. A postop-
erative paralytic ileus is a pathologic ileus that occurs after
some surgical procedures and can cause clinical signs and
serious complications. In cattle, the rumen usually continues
to contract during standing surgery; postoperative ruminal
paralytic ileus is not usually a problem unless ruminal stasis
was present before surgery. However, other parts of the
ruminant GI tract are susceptible to ileus. No studies have
been performed to define the duration of postoperative ileus
in the different parts of the GI tract of ruminants. In most
species, the small intestine recovers within the first 24 hours
and is followed closely by the stomach. The large intestine
is the last region to recover. Understanding that GI motility
dysfunction always follows surgery and recognizing when
expected postoperative ileus turns into pathologic and
serious postoperative paralytic ileus are important.
Evaluation of GI motility involves auscultation and palpa-
tion. Intestinal and abomasal sounds can be auscultated on
the right side and ventrum, respectively. Rumenoreticular
motility can be assessed by auscultation or by placing a fist
in the left paralumbar fossa to feel the contractions. When
evaluating ruminal contractions, one should note both the
frequency and strength of contractions. The author prefers
palpation to auscultation for initial assessment of ruminal
motility. The normal rumen contracts about 2 to 3 times
every 2 minutes. More complete evaluation of the rumen can
be accomplished by combining auscultation and palpation
through the left paralumbar fossa and rectally. In addition
to frequency and strength of contractions, the physical char-
acter of the ruminal contents can be appreciated. A sutured
surgical incision in the left paralumbar fossa, often present
in postsurgical patients, may complicate the execution of
auscultation and palpation in this area. The rumen has two
contractile cycles that are called primary and secondary. The
primary cycle is associated with mixing ingesta, and the
secondary cycle is associated with eructation. The primary
cycle stratifies ingesta so the firm fibrous material floats in
a mat on top of ruminal liquid. Small particles exit the
rumen, and larger ones are retained. Plant fibers more than
0.5 cm long in the feces indicate abnormal ruminal contrac-
tile activity. The primary cycle is under vagal parasympa-
thetic control. Factors that stimulate contractions include
feeding, low environmental temperature, and a slight disten-
tion sufficient to stimulate low-threshold receptors in the
rumen. The low-threshold receptors can sometimes be
exploited by pumping water and gruel into an empty rumen
until mild distention is achieved. This helps stimulate
ruminal contractions in anorectic ruminants. Factors that
depress ruminal contractile activity include depression,
fever, pain, endotoxin, volatile fatty acids, and abdominal
distention sufficient to stimulate high threshold receptors.
Ruminal motility can sometimes be improved by physically
or pharmacologically reversing one or more of these inhibi-
tory factors. Because these stimuli and suppressors of ruminal
activity are mediated through the vagus nerve, an intact
vagus is required for them to have an effect. Hypocalcemia
reduces ruminal contractility by reducing the contractility
of smooth muscle fibers irrespective of neural input.
Secondary ruminal contractions result in eructation of
ruminal gas. They occur about every 2 minutes and are
independent of the primary-cycle contractions. Secondary
contractions are stimulated by moderate distention and
inhibited by severe distention. The secondary cycle can most
easily be recognized by the occurrence of eructation coinci-
dent with a contraction. Rumination is a specialized form of
secondary contraction stimulated by coarse material in the
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reticulum and rumen. Subjectively, the occurrence of rumi-
nation is a positive prognostic sign in the postoperative
patient and is always a welcome sight in any bovine patient.
The motility of the remainder of the ruminant GI tract
is similar to the nonruminant. The vagus nerve plays a
significant role in controlling abomasal motility, but the
intestinal tract is controlled principally by locally produced
substances and the enteric nervous system. In diseased
animals, external factors such as electrolyte imbalances,
inflammation, and endotoxemia can affect intestinal motil-
ity. In contrast to the simple and direct techniques for assess-
ing ruminal motility, techniques for assessing abomasal and
intestinal motility are indirect and not completely reliable.
Auscultation, as described previously, is perhaps most useful
to confirm ileus through the absence of sound but is less
reliable for confirming normal motility through the presence
of sound. Ultrasound is a valuable tool for visualizing motil-
ity of both the forestomachs and small intestine and for
identifying abscesses, peritonitis, pneumoperitoneum, and
other conditions contributing to postoperative ileus. Plasma
electrolyte concentrations, especially chloride and bicarbon-
ate ion, can be useful in determining functional or physical
obstruction of the GI tract. Severe hypochloridemia and
alkalosis are usually associated with abomasal outflow prob-
lems or obstruction or dysmotility of the orad small intes-
tine. Less profound electrolyte abnormalities are observed in
obstruction of the aborad small intestine and cecum.

Ruminal Microbes

The ruminant forestomachs are a physiologic and biologic
wonder, a marvelous example of symbiosis. In the mature
cow, the rumen and reticulum represent 64% of the total
stomach capacity, whereas the abomasum makes up only
11%. During the transition from preruminant to ruminant,
the stomach changes in form, function, and fauna. The
rumen and reticulum become a fermentation vat containing
between 10° and 10'? bacteria/mL. The vast majority of
ruminant microbes of animals on a forage diet are gram-
negative anaerobic bacteria. The proportion of gram-positive
organisms increases as the amount of grain in the diet
increases. The ruminant’s ability to use poor quality rough-
age, inadequate to sustain nonruminant animals, is facili-
tated by the bacteria in the rumen. Although bacteria are
more important for digestive function, the ruminal protozoa
are easier to assess diagnostically, and they provide a reason-
able index of ruminal health. Therefore a substantial propor-
tion of the ruminal microbe examination focuses on the
protozoal population. For clinical purposes, the ciliate pro-
tozoa can be divided into two morphologic types: holotrichs
and entodiniomorphs. Holotrichs have cilia surrounding
their one-celled bodies, whereas entodiniomorphs have cilia
at one end (Figure 7-1).

Ruminal Fluid Analysis
Indications for clinical evaluation of ruminal microflora
include suspicion of ruminal acidosis (e.g., carbohydrate
engorgement), vagal indigestion, abomasal emptying defect
of sheep, and rumen atony. Sometimes the analysis precedes
surgery but correction of the problem occurs during the
postoperative period. A weighted stomach tube or a needle
and syringe can be used to collect ruminal fluid for analysis.
When a weighted collection tube is used, it is simply passed
into the rumen, pushed back and forth to sink the tube, and
aspirated. The first 100 mL or so is discarded to reduce sali-
vary contamination. Aspirating transabdominally through
the left flank by using a 16- to 18-gauge, 5-inch needle also
eliminates salivary contamination.

A relatively simple analysis is sufficient for clinical evalu-
ation of most presurgical and postsurgical cases. Color, odor,



92 PART I e General Considerations to All Species

Figure 7-1 The microscopic appearance of ruminal fluid
from a healthy cow. Notice the variety of sizes and shapes
of the protozoa, which indicates healthy rumen microflora.

and smell should be evaluated immediately. Normal color is
gray-green to green to brownish-yellow, depending on the
diet. Milky gray or yellow fluid is associated with carbohy-
drate engorgement. The pH of rumen fluid ranges from 5.5
to 7.0 in healthy cattle on a balanced ration. A pH paper
with half-unit sensitivity is sufficient to diagnose ruminal
acidosis or alkalosis of a single clinical case. A hand-held pH
meter is required for adequate sensitivity at herd-level diag-
nosis of mild chronic acidosis. Cattle on high-carbohydrate
diets have lower pH values than those on roughage diets.
Acid pH less than 5.5 in an anorectic ruminant indicates
ruminal acidosis. Ruminal pH greater than 7.0 indicates
ruminal alkalosis. Simple ruminal inactivity, or anorexia,
results in ruminal alkalosis. Cattle with abomasal reflux may
have an unusually low pH for an animal that has been off of
feed for several days (e.g., 6.5 in comparison to an expected
value of 8.0). This is because the abomasal acid has refluxed
or been “vomited” into the rumen.

A very simple function test, the methylene blue reduction
time, can be performed rapidly without special equipment.
The methylene blue reduction test measures metabolic activ-
ity of the ruminal flora by indicating the relative redox
potential of the rumen. One part of 0.03% methylene blue
is added to 20 parts of strained ruminal fluid in a glass
blood collection tube and is incubated at 37°C. A second
tube of ruminal fluid serves as a control. Clearing of the dye
in 5 to 6 minutes indicates active ruminal microbes. Delayed
clearing indicates diminished anaerobic bacterial activity. In
some cases, measurement of ruminal chloride is indicated.
Ruminal chloride can be measured by standard electrolyte
analyzers if the sample is filtered. It is elevated (>30 meq/L)
in abomasal impaction and some other obstructive diseases
in cattle and abomasal emptying defect in sheep.

Direct microscopic examination of fresh ruminal fluid
on a slide is a quick and useful way to assess the health of
the ruminal microflora. Abundant, live, active protozoa of
various sizes and shapes will be present in cattle with a
normal rumen (see Figure 7-1). Very large entodiniomorphs
are the most fragile species; their presence suggests a healthy
rumen. For further evaluation of the microflora, a drop of
Lugol’s iodine can be added to a few drops of fresh rumen
fluid. Lugol’s iodine kills the protozoa and stains carbohy-
drate in protozoa and bacteria. If the protozoa are depleted
of carbohydrate, this indicates a depletion of carbohydrate in

Figure 7-2 Device for collecting large quantities of rumen
fluid from a cannulated cow.

the rumen. Transfaunation of such an animal without con-
comitant force feeding is likely to be ineffective because
the newly introduced fauna will not have the substrate to
allow them to multiply. Gram staining of the ruminal bacte-
rial population can be useful for confirming carbohydrate
engorgement. Gram staining performed on normal ruminal
contents should reveal primarily gram-negative organisms of
a size and shape quite different from those encountered
elsewhere in veterinary medicine. In carbohydrate engorge-
ment, chains of the gram-positive cocci Streptococcus bovis
proliferate first; then the large gram-positive rods of Lacto-
bacillus sp. become the predominant bacterial type.

Transfaunation

Transfaunation of an inactive rumen can be accomplished
by providing ruminal fluid from a healthy ruminant of
the same species. Ruminal contents may be obtained at a
slaughterhouse or from another animal that has been fitted
with a ruminal cannula. Ruminal fluid collection devices,
like the one described by Geishauser, also can be used. The
potential to transmit certain diseases exists; therefore a
tested donor or a herdmate of the patient is desirable. Figure
7-2 shows a collection device made from polyvinyl chloride
pipe. It is a meter long, 5 cm in diameter, and capped at one
end. Beginning about 35 cm from the capped end and
extending to the cap are hundreds of 2- to 3-mm holes
drilled through the wall. The capped end is inserted into the
ventral sac of the rumen through the rumen cannula, and
a small stomach tube is used to siphon ruminal fluid out of
the pipe. This device obviates the need for the messy process
of straining the fluid after collection. In an adult cow, 4 to
6 L of freshly collected unstrained ruminal fluid can be
administered alone or mixed with alfalfa meal and then
chased with 4 to 8 L of water. The alfalfa meal provides
nutritional substrate for the transfaunated protozoa, but
caution should be paid to avoid overthickening of the
transfaunate fluid leading to difficulty pumping and tube
clogging. A hand bilge pump with a large-bore orogastric
tube passed through an oral speculum can deliver the afore-
mentioned volumes efficiently, often in less than 1 minute
(Figure 7-3). Before administering fluids, tube placement
within the rumen is confirmed by blowing into the tube



Figure 7-3 Equipment for administering transfaunate to
adult cattle, including large-bore stomach tube, hand bilge
pump, cylindrical mouth speculum, fresh rumen fluid, and
alfalfa meal.

while a second person auscultates the left paralumbar fossa
for bubbling and gurgling noises. It is important to keep
stirring the slurry during pumping to prevent it from settling
and plugging the tube. If the cow regurgitates during admin-
istration (this often occurs if the speculum is allowed to
slide too far caudally into the pharynx, causing the animal
to gag), the tube is immediately kinked, both speculum and
tube are removed, and the animal is allowed to lower its
head to prevent aspiration of ruminal contents. Cross-species
transfaunation may be of some benefit because some species
of ciliates are common to different ruminants and total
volumes administered may be extrapolated from bovine
dosages to accommodate small ruminants and camelids.

POSTOPERATIVE FEEDING

Neonates

At birth, preruminant animals are physiologically similar to
nonruminants. The abomasum represents over half of the
total stomach capacity, and the esophageal groove allows the
nursing preruminant to function as a simple-stomached
animal. Groove closure is a vago-vagal reflex mediated by
receptors in the mouth and pharynx. In normal suckling
animals, virtually all milk is channeled directly into the
abomasum. During the first several days of life, if milk or
other liquid is placed directly into the rumen by esophageal
or intraruminal intubation, the liquid is rather quickly
emptied into the abomasum. Later in the calf’s life, however,
the efficiency and completeness of emptying of fluid intro-
duced directly into the rumen is reduced, and fermentation
and ruminal acidosis can occur if milk remains in the rumen.
Therefore every attempt should be made to encourage young
ruminants to suckle milk rather than to force feed them by
intubation. Intubation with electrolyte solution does not
pose the same threat to the ruminal environment as milk.
When a calf is reluctant to voluntarily consume milk, it is
advisable to provide fluids, electrolytes, and energy (in the
form of glucose) by intravenous infusion or intraruminal
intubation and refrain from administering intraruminal milk
as long as possible without compromising the health of the
calf (up to 48 hours). When an anorectic calf is relatively
bright, alert, and not emaciated, it is preferable to maintain
hydration with IV fluids and moderate amounts of intraru-
minal oral rehydration solution and allow the calf to become
hungry. This often results in spontaneous nursing within 24
hours. On the other hand, when the caregiver is overly con-
cerned about providing enteral nutrition to a calf and
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frequently intubates it with milk, the calf is less likely to
nurse on its own, further delaying voluntary nursing.

Unlike foals, neonatal ruminants do not normally nurse
frequently during the day. However, after surgery of the
GI tract, offering four or more small feedings per day is
probably best for a few days. It is difficult to make hard
recommendations concerning the amount to feed. In neo-
natal calves, milk equaling nearly 10% of the calf’s body
weight is required for maintenance alone, but after GI
surgery such as correction of abomasal volvulus the amount
fed for 1 to 2 days should be less than the usual ration.
Ideally, intravenous fluid therapy should be continued for
24 to 48 hours postoperatively and milk (and dry food-
stuffs if the calf had been consuming them before surgery)
reintroduced gradually. A conservative and easy guideline
to follow is to feed one-fourth, one-half, three-fourths, and
full rations on the four consecutive days after surgery, pro-
vided it is tolerated. In nursing beef calves, lambs, and kids,
the amount of milk available to the patient can be limited
by milking the dam one or more times daily and discarding
the milk. Calves under 3 weeks of age should receive whole
milk or milk replacer that contains only milk-derived protein.
The milk replacer should contain at least 22% protein and
15% fat on a dry-matter basis. Lambs and kids should receive
only milk replacer designed for their species. In a hospital
situation, whole retail milk is a reasonable feed for calves.
Waste milk, especially from animals from a different farm,
should be avoided because it may transmit Mycobacterium
avium subspecies paratuberculosis, bovine leukemia virus,
caprine arthritis and encephalitis virus, mycoplasma, salmo-
nellae, or other pathogens. Some veterinarians feed lamb
milk replacer to calves as a convalescent diet because it con-
tains higher concentrations of fat and protein than cow’s
milk does.

Mature Ruminants

Postoperative feeding strategies should be aimed at providing
adequate nutrition for healing of the surgical wound and any
other tissue damage as well as maintaining body systems,
restoring or maintaining functional microflora in the fore-
stomachs, and returning the animal to production as soon as
possible, especially in dairy cows. At the same time, consid-
eration must be given to 1) the possibility that anorexia
before surgery may have rendered the rumen unprepared for
a typical high-production, grain-rich diet and 2) the time for
recovery of the compromised gut in cases of diseases that
involve the GI tract. In cases such as intussusception and
abomasal volvulus, in which ileus is likely to be a problem,
small amounts of hay (1 kg) and grain (0.5 kg) 2 to 3 times
daily should be fed for a few days. The amount can be
increased gradually if abdominal distention is absent and
feces are being passed. For other procedures, beginning with
half rations and working up to full rations in 3 to 5 days is
usually done without complication.

In anorectic cattle, force feeding is often beneficial.
Although many recipes for force-fed rations exist, the base
ration is usually a pelleted feed or alfalfa meal soaked in
water to create a slurry. In areas where it can be purchased,
hominy grits work well to provide energy because they flow
through a tube easily. It is best to use a pellet without large
pieces of grain; otherwise the slurry will plug the stomach
pump. About 1 kg of feed in 12 L of water usually yields a
slurry with the right consistency. Pelleted complete equine
diets may also be used. A hand bilge pump with large-bore
orogastric tube passed through an oral speculum or cattle
pump system' with a self-restraining flexible esophageal

'"Magrath Cattle Pump System (Miller Manufacturing Company,
McCook, NE, USA).
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tube works well. Before administering the slurry, tube place-
ment within the rumen is confirmed by blowing into the
tube while a second person auscultates the left paralumbar
fossa for bubbling and gurgling noises. It is important to keep
stirring the slurry during pumping to prevent it from settling
and plugging the tube. If the cow regurgitates during admin-
istration (this often occurs if the speculum is allowed to slide
too far caudally into the pharynx, causing the animal to gag),
the tube is immediately kinked, both speculum and tube are
removed, and the animal is allowed to lower its head to
prevent aspiration of ruminal contents.

Depending on the class of animal (lactating dairy cow
versus wether goat) and its metabolic status, other ingredi-
ents such as yeast, electrolytes, propylene glycol, and calcium
may be added. When the ruminal microflora are compro-
mised, there may not be adequate, or at least optimal, pro-
duction of B vitamins for the animal. Therefore injectable B
vitamins are warranted in anorectic ruminants.

Postoperative ileus, as described previously, may compli-
cate recovery after surgery. The most prominent clinical sign
of postoperative ileus, irrespective of the location of the
problem, is usually ruminal distention. From a postoperative
nutritional and medical management perspective, a simple
rule to follow is to cease enteral feeding at the first sign of
ruminal distention. Remove excess ruminal contents if nec-
essary with a large-bore stomach tube, and provide fluid,
electrolyte, and energy by the parenteral route described in
Chapter 4, Fluid Therapy.

When attempting to coax anorectic animals to eat, it is
often helpful to offer small amounts of a variety of food-
stuffs. Predicting which type of foodstuff the animal will
consume first is difficult, and it is not always the feed to
which they are accustomed. By putting small piles of a dry
feed such as cracked corn or oats, a pelleted feed, and a
coarse sweet feed in the trough, one offers the animal choices
and enhances the chance of finding a foodstuff the animal
will eat. The author’s opinion is that finicky cattle eat best
when just a small amount of feed is available. Perhaps this is
simply because when excess feed is available consumption of
small amounts cannot be detected. At any rate, this method
appears to enhance consumption and certainly facilitates
quantifying what is being consumed.

MOTILITY MODIFIERS |

SallyAnne L. Ness and Adrian Steiner

Physiologic GI motility patterns, regulation of GI motility,
pathologic motility patterns during GI disease, and pharma-
cologic modification of GI motility are extremely complex
and far from being fully understood. The GI problems in
cattle that potentially benefit from pharmacologic motility
modification include intestinal obstruction, cecal dilatation/
dislocation (CDD), and displacement of the abomasum
(DA), DA to the left being by far the economically most
important of these diseases. As a prerequisite for under-
standing and correct interpretation of scientific publications
and results in the field of motility modifiers, the reader needs
to be familiar with the basic concepts of motility monitoring,
physiologic and pathologic motility patterns, and motility
regulation.

MOTILITY REGISTRATION

Techniques for registration of GI motility in vivo include
direct visualization, indirect visualization (using radiography,
ultrasonography, or nuclear scintigraphy), acetaminophen-
absorption test, transit of nonabsorbable microspheres, intra-

Figure 7-4 Implantation of retrievable bipolar electrodes in
the cecum of an adult cow for registration of myoelectric
activity.

6l seconds

Figure 7-5 Myoelectric activity of the pyloric antrum of a
healthy adult cow. (Courtesy of Dr. Mireille Meylan.)

luminal and intramural pressure measurements, and analysis
of myoelectric activity (Figure 7-4). Most motility studies in
cattle are based on registration and analysis of myoelectric
activity.

PHYSIOLOGIC GI MOTILITY

Myoelectric signals of the digestive tract in cattle follow the
same basic patterns as in other species. They are character-
ized by slow waves (electric control activity) and superim-
posed spike bursts (electric response activity). Slow waves
are spontaneous, regular oscillations of the smooth-muscle
cell membrane potential, which remains below the depolar-
ization threshold. If the depolarization threshold is exceeded,
a maximum of one spike burst can be superimposed on one
slow wave. Thus the maximal frequency of spike bursts is
determined by the frequency of slow waves. Spiking activity
is directly correlated with smooth-muscle contractions (that
is, mechanical activity), and propulsion of gut contents is
correlated with propagated smooth-muscle contractions.
Therefore recording of myoelectric activity of the gut wall
may be used as a technique for characterization of GI
motility.

Abomasum

Myoelectric activity of the abomasal antrum is characterized
by slow waves, regularly occurring at a mean frequency of
3.3 per minute. Eighty-two percent of the slow waves are
superimposed by spikes (Figure 7-5). Almost half of the
antral spikes are propagated to the proximal duodenum. This



most likely represents abomasal emptying. Further coordina-
tion between antral and small intestinal motility exists. It is
characterized by a reduction of the frequency of slow waves
and spike bursts in the abomasal antrum immediately after
phase III of the migrating myoelectric complex (MMC)
occurs in the duodenum. (See next section on the small
intestine.)

Small Intestine

Motility of the small intestine is well organized and consists
of a 30- to 90-minute regularly recurring, aborally propa-
gated pattern of myoelectric activity, termed MMC. The
MMC is initiated in the duodenum and consists of three
phases. Phase I is characterized by less than 10% of the slow
waves being superimposed by spikes. It immediately follows
phase III and is immediately followed by phase II. Phase II
is usually the longest of the three phases. It is the phase of
irregular spiking activity, with more than 10% but less than
100% of the slow waves superimposed by spikes. Intense
mixing of gut contents takes place during phase II. The last
few minutes of phase II are thought to be responsible for
propulsion of intestinal contents. Phase III is the phase of
regular spiking activity, with 100% of the slow waves being
superimposed by spikes (Figure 7-6). The role attributed to
phase Il is to clean the lumen of debris and residual content
and to prevent retrograde flow of intestinal contents (house-
keeping function). In ruminants, feeding does not interrupt
the MMC. Propagation velocity of phase III ranges from
30 cm per minute in the duodenum to less than 10 cm per
minute in the ileum.

Cecum and Proximal Loop of the Ascending
Colon (PLAC)

Cyclical activity and propagated spike sequences are also
found in the cecum and PLAC. Occurrence of hyperactivity
in the cecum is coordinated with phase III of each MMC in
the ileum. Hyperactivity in the cecum may be responsible
for mixing of the new bolus with the stored contents in the
cecum. Nonpropagated spikes and spike sequences propa-
gated in both directions are responsible for mixing of intes-
tinal contents. Aborally propagated spike sequences are
responsible for propagation of contents from the cecum to
the PLAC. Regular emptying of the PLAC is well coordi-
nated with the myoelectric motility pattern of the spiral
colon.

1 hour

Heum

Cecum

PLAC

Spiral
colon
(Trom
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Figure 7-6 Myoelectric activity of the ileum, cecum, and
proximal loop of the ascending colon and spiral colon of a
healthy adult cow, recorded over 9 hours. (Courtesy of Dr.
Mireille Meylan.)
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Spiral Colon

Myoelectric activity of the spiral colon is characterized by a
regularly recurring, aborally propagated pattern, termed
bovine colonic MMC. The bovine colonic MMC lasts about
3 hours and consists of four phases. More than 90% of the
bovine colonic MMCs are propagated throughout the entire
spiral colon. Similar to the MMC in the small intestine,
phase Il is by far the longest phase. The last few minutes of
phase II are thought to be responsible for aboral propulsion
of intestinal contents in the bovine spiral colon. The house-
keeping function is attributed to phase III with its regular
and intense spikes of long duration (see Figure 7-6). The
function of phase IV is not clear.

PATHOLOGIC MOTILITY PATTERNS

Intestinal Obstruction

Myoelectric activity patterns occurring during small intesti-
nal obstruction are characterized by the disorganization of
the MMC in the segment oral to an obstruction. The MMC
is replaced by rapidly migrating, prolonged, high-amplitude
spikes that sometimes occur in clusters. This characteristic
pattern is termed colic motor complex. The pattern occurring
aboral to an obstruction is not consistent and depends on the
species affected and the degree of luminal occlusion. Myo-
electric activity of the PLAC during obstruction of the prox-
imal part of the spiral colon is similarly characterized by
increased spike duration, increased number of spikes propa-
gated toward the obstruction site, and increased velocity of
spike propagation. In analogy to small intestinal obstruction,
this pattern was termed colonic colic motor complex. The colic
motor complexes may represent an effort of the intestine to
overcome the obstruction to reestablish the continuity of
digesta passage.

Cecal Dilatation/Dislocation

Atony, or hypotony, affecting the cecum and the PLAC, have
been postulated to trigger CDD. However, during the past
three decades, researchers were not able to confirm this
hypothesis. Attempts at scientific induction of CDD were
not successful, and an accepted disease model for CDD has
never been established. In cases of delayed recovery and/or
recurrence after surgical evacuation of spontaneous CDD, a
pattern of myoelectric activity in the cecum and PLAC
similar to the colic motor complex was found. It was sug-
gested that atony and/or hypotony of the cecum were not
the cause of recurrence of CDD. An alternative hypothesis
offered was that an obstruction of the spiral colon might be
responsible for recurrence of CDD after surgical correction
of spontaneous CDD.

Displacement of the Abomasum

In the early 1970s, abomasal atony had been postulated to
precede distention and displacement of the abomasum. Since
then, researchers have not been able to confirm this hypoth-
esis. In another study, extended periods of atony preceding
DA to the left were not found. However, during periods of
left displacement, compared with periods of normal aboma-
sal position, significant decrease in the number of spike
bursts was found in the abomasal corpus and pyloric antrum.
Therefore significant decrease of myoelectric activity was
found during, rather than immediately before, DA. Smooth-
muscle preparations collected from displaced abomasa com-
pared with nondisplaced abomasa showed an increase in
nitric oxide-mediated inhibition and a decrease in sensitivity
to acetylcholine-mediated excitation. This suggests a mal-
function at the level of the intrinsic nervous system and/or
abomasal smooth-muscle cells. Whether this is a preexisting
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condition predisposing the animal to DA or a result of the
displacement has yet to be determined.

PROKINETICS IN RUMINANTS

Numerous causes of hypodynamic GI motility disorders
have been demonstrated in various species. These include
electrolyte imbalances, such as hypocalcemia, shock, inflam-
mation, endotoxemia, and intestinal ischemia. Although the
effects of these pathologic conditions may not have been
evaluated specifically in ruminants, there are enough simi-
larities between species to suggest these abnormalities will
also adversely affect motility in ruminants. Treatment plans
to correct impaired GI motility should initially evaluate and
correct these problems if they exist. Prokinetic drugs will
have little therapeutic effect in ruminants with ischemic
bowel, hypocalcemia, or a mechanical obstruction.

The primary areas of the ruminant digestive tract that
have been studied in relation to the use of prokinetics to
treat hypomotility disorders are the abomasum, small intes-
tine, cecum, and proximal ascending colon. Although litera-
ture has not been able to support the thought that abomasal
atony and/or delayed abomasal emptying predispose rumi-
nants to abomasal displacement, it is possible that drugs that
alter the pattern of contractile activity may be beneficial in
treating these disorders in some instances. Paralytic ileus
involving the small intestine, as well as the large intestine,
can occur after any abdominal insult, such as impaction or
volvulus, resulting in traumatized/inflamed intestine. Proki-
netics may act by stimulating contractile activity directly or
by attenuating the inflammatory process and resulting motil-
ity depression. Motility dysfunction of the cecum and proxi-
mal loop of the ascending colon are thought to predispose
to cecal dilatation/volvulus. Drugs that promote normal
motility patterns in these areas may have efficacy in the
medical treatment of cecal dilation.

The following is a list of prokinetic drugs that may
be beneficial in treating certain GI conditions in the
ruminant.

Bethanechol

Bethanechol hydrochloride is a direct-acting parasympa-
thetic agonist that stimulates acetylcholine receptors on the
GI smooth muscle, increasing contractile activity. There is
some preliminary support showing that bethanechol may
improve small-intestinal motility in the ruminant. Bethan-
echol (0.07 mg/kg SC) increased the duodenal spike rate
(associated with contractile activity) for the first hour after
administration in normal yearling cattle. However, a combi-
nation of bethanechol (0.07 mg/kg SC) and metoclopramide
(0.1 mg/kg SC) significantly improved propagating spike
activity, which is more likely to indicate propulsive motility
in the duodenum. In the large bowel, bethanechol (0.07 mg/
kg SC) has been shown to increase the number of cecocolic
spikes, the duration of cecocolic spiking activity, and the
number of propagated spikes in normal cows. Although the
underlying cause of CDD is not known, these results indicate
that bethanechol at this dosage may be a suitable medical or
postoperative treatment for cecal dilatation in cattle in
which hypomotility of the cecum and proximal loop of the
ascending colon are present. It should be kept in mind in
evaluating the results of the previously mentioned studies
that these were performed in normal animals and extrapola-
tion to pathologic states may not always be valid. Excessive
salivation may be observed after administration as a result
of bethanechol’s parasympathetic agonist activity (Figure
7-7). This side effect appears to be transient and dose
dependent.
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Figure 7-7 Excessive salivation observed in a cow treated
with bethanechol.

Neostigmine

Neostigmine methylsulfate is a cholinesterase inhibitor that
prolongs the activity of acetylcholine by retarding its break-
down at the synaptic junction. The effect of neostigmine
(0.02 mg/kg) on myoelectric activity of the ileocecocolic
area in normal cows was mainly to increase the number of
cecocolic spikes. However, neostigmine increased the ratio
of orally to aborally propagated spike sequences, suggesting
that neostigmine may promote retrograde versus antegrade
propagation of GI motility. Consequently, based on studies
in normal cows, bethanechol may be a more suitable drug to
treat cecal dilatation in cattle in which hypomotility of the
cecum and proximal ascending colon are thought to contrib-
ute to the pathologic process.

Another report describes the use of neostigmine admin-
istered as a continuous drip (87.5 mg/10 L of NaCl admin-
istered at 2 drops/sec) to treat cattle with cecal dilatation.
Bradycardia and restlessness were commonly seen side ef-
fects, necessitating careful monitoring of the animal.

Metoclopramide

Metoclopramide acts to stimulate progressive motility by
antagonizing the inhibitory neurotransmitter dopamine,
augmenting the release of acetylcholine, and acting through
both inhibitory and excitatory serotonergic receptors. It has
been suggested that metoclopramide improves antroduode-
nal coordination and consequently is an effective prokinetic
to treat delayed gastric emptying in different species. Meto-
clopramide (0.1 mg/kg SC), used together with bethanechol
(0.07 mg/kg SC) was more effective than either medication
used alone in increased propagated spike activity in the
abomasum and duodenum in normal cattle. Metoclopramide
was not effective in improving myoelectric activity in the
cecum and proximal ascending colon. Administered at a
higher dose (0.5 mg/kg IM) in another study, metoclo-
pramide transiently increased electrical activity of the proxi-
mal duodenum in goats. These results support the observation
that this drug may be more suitable for proximal motility
disorders, such as rumen and abomasal emptying problems,



as well as small-intestinal hypomotility disorders. This is in
agreement with findings in other species in which metoclo-
pramide is primarily used to treat gastric and small-intestinal
motility disorders. Metoclopramide has been used in the
treatment of abomasal emptying defects in sheep and vagal
indigestion in cattle. The recommended dose in ruminants
is 0.1 to 0.5 mg/kg SC or IM. Hypotension has been reported
to occur after intravenous use. Reported side effects are
restlessness, excitement, and somnolence.

Erythromycin

Erythromycin is a macrolide antibiotic with recognized GI
side effects. When administered at subtherapeutic antimi-
crobial levels, erythromycin has been shown to stimulate
gastric emptying, antroduodenal coordination, increased
contractile activity in the small intestine, and increased
cecal emptying in nonruminant species. Erythromycin is a
motilin agonist that stimulates motilin receptors on the GI
smooth muscle. It also stimulates the release of acetylcho-
line. Because erythromycin appears to stimulate motility
throughout the GI tract in other species, its use may be
indicated for rumen, abomasum, and small and large intes-
tine hypomotility disorders. In a study performed by Nouri
et al., erythromycin administered to healthy suckling calves
(8.8 mg/kg IM) increased abomasal emptying rate, whereas
metoclopramide and neostigmine failed to alter abomasal
motility or emptying rate. In lactating dairy cows, erythro-
mycin lactobionate (1.0 mg/kg IV or IM) and erythromycin
base (10 mg/kg IM) in polyethylene glycol resulted in a
large and sustained increase in abomasal motility and rate
of abomasal emptying. Abdominal pain and diarrhea are
the most commonly reported side effects seen with this
drug.

Lidocaine

Inhibitory reflexes that are confined to the gut as well as
involving the prevertebral ganglia and spinal cord are involved
in the pathogenesis of certain motility disturbances. These
become important after abdominal surgery when the origi-
nal GI insult, as well as the bowel manipulations during
surgical correction, causes an inflammatory response. Endo-
toxemia associated with enteritis/colitis will also activate
these inhibitory reflexes. Intravenous lidocaine can promote
motility by reducing the level of circulating catecholamines,
blocking the inhibitory reflexes, and decreasing the produc-
tion of inflammatory mediators in the bowel wall, many of
which are inhibitory. Some work has shown that normal
small intestine and colon is under a basal inhibitory neural
tone. Addition of lidocaine blocks this inhibitory tone and
has been shown to increase contractile activity. For this
reason lidocaine may also be beneficial in motility disorders
that lack an inflammatory component. The recommended
protocol is an initial bolus of 1.3 mg/kg IV administered
slowly over 5 minutes followed by 0.05 mg/kg/min in saline,
Plasma-Lyte, or lactated Ringer’s solution as a constant rate
infusion.
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CHAPTER 8

Neoplasia

Beth A. Valentine and Emily E. Barrell

NEOPLASIA IN FARM ANIMALS—
GENERAL OVERVIEW

Beth A. Valentine

WHAT DOES THE PATHOLOGIST NEED TO
GET AN ACCURATE DIAGNOSIS?

The description of neoplastic disorders and incidence of neo-
plasia in farm animals has historically relied heavily on
surveys conducted on animals at slaughterhouses. The inci-
dence of tumors reported in such surveys indicates that
tumors are most common in cattle (0.23%) and are uncom-
mon in sheep (0.002%), goats (0.009%), and pigs (0.004%).
Slaughterhouse study results may be misleading, however, as
shown by two university retrospective studies, one of goat
samples submitted for necropsy or biopsy and another of
cattle examined at necropsy; each found neoplastic disease
in 8.7% of the cases. Pot-bellied pigs may be particularly
prone to neoplasia, as a university study of necropsy and
biopsy diagnoses found neoplasia in 34.9% of cases.

The majority of tumors are most common in adults. One
study found that tumors in cattle were 10 times more likely
in adults than in calves. Neoplasia in young farm animals is
most common in calves and pigs, and tumors in these species
can be congenital. Carcinomas are most often seen in adult
to aged farm animals, whereas tumors of young animals are
more likely to be of mesenchymal origin. In particular, lym-
phoma, mesothelioma, rhabdomyoma, rhabdomyosarcoma,
and nephroblastoma (embryonal nephroma) occur typically
in young animals.

Neoplastic disease is a significant economic problem, par-
ticularly in cattle. A study of culling and mortality in beef
cattle found that malignant neoplasia was second only to
traumatic reticuloperitonitis as the most common causes of
death or euthanasia. Lymphoma was the eighth most
common cause of death or euthanasia in a study of dairy
cattle.

Far fewer clinical descriptions of neoplasia in farm animals
exist than do clinical reports of neoplastic diseases in dogs,
cats, and horses. Reports of surgical treatment of tumors of
farm animals are even less common. The changing face of
livestock husbandry—with the increase in small hobby
farms, sanctuaries, and petting zoos—will likely result in
earlier detection of clinical signs associated with neoplastic
disease and increased owner interest in pursuing surgery.
With the advent of improved diagnostic procedures—in par-
ticular, ultrasound—detecting internal tumors at early stages
is now possible.

This chapter describes neoplastic disorders of cattle,
sheep, goats, and pigs that might present for surgical biopsy
or surgical excision. As such, tumors of organs such as the
heart and brain have been excluded. A few nonneoplastic
lesions that present as mass lesions are also included. In
some cases, particularly congenital and neonatal lesions, it is

unclear whether the growth is truly neoplastic or whether it
is malformative (hamartoma or choristoma).

Information regarding treatment, including success rate,
is included when possible. In many cases of farm animal
neoplasia, extrapolation from information available on re-
sults of surgery on similar tumors in cats, dogs, and horses
is the best that can be provided at this time.

THE ROLE OF CYTOGENETICS AND
MOLECULAR DIAGNOSTICS IN
THE DIAGNOSIS

Although some tumors—for example, fibropapillomas—
have characteristic gross pathologic features, in many cases
cytopathology or histopathology will be necessary to deter-
mine the nature of a mass lesion. Fine-needle aspirates of
suspect neoplastic lesions are readily obtained and can yield
valuable information regarding the nature of the lesion and,
if neoplastic, the tumor cell type. In many cases, though,
histopathologic evaluation will be essential to confirm the
diagnosis and will also determine whether excision is
complete.

Veterinary pathologists have relied primarily on routine
processing of formalin-fixed tissue for diagnosis, although
frozen-section histopathology is possible and, when avail-
able, can offer rapid diagnostic feedback. In addition to
routine hematoxylin and eosin-stained sections, pathologists
can use a variety of histochemical stains to aid in the diag-
nosis of neoplasms. Commonly utilized stains for diagnosis
of neoplasms include Giemsa and toluidine blue stains for
metachromatic intracytoplasmic granules to diagnose mast
cell neoplasia, Fontana-Masson silver stain for melanin gran-
ules to diagnose melanocytic neoplasia, and argentaffin and
argyrophil silver stains to detect neurosecretory granules in
neuroendocrine tumors.

More recently, the use of antibodies to detect character-
istic proteins in immunohistochemical procedures has
greatly enhanced the pathologist’s ability to determine a
tumor cell type. For example, cytokeratins will detect epi-
thelial cells, lymphocyte markers confirm the diagnosis of
lymphoma and provide information regarding neoplastic cell
type, Melan-A identifies melanocytic cells, and antibodies to
proteins specific to muscle can detect and distinguish smooth
muscle and striated muscle tumors. Most proteins used in
immunohistochemical studies are conserved across species,
and the antibodies employed often recognize multiple
species, including farm animals. But validation of immuno-
histochemical studies through the use of appropriate con-
trols is essential. A study of subcutaneous hemangiosarcoma
in a sheep, in which the commonly employed endothelial
markers anti-von Willebrand’s factor and anti-CD31 did not
react with normal or neoplastic sheep endothelial cells and
in which antibodies to endothelin-1 were necessary to diag-
nose vascular neoplasia, exemplifies the importance of vali-
dation of antibodies when studying farm animal tumors.
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Other possible diagnostic procedures include viral studies,
used most often in studies of papillomavirus-associated
tumors. Cytogenetics has not yet gained wide use in studies
of farm animal neoplasia. Cytogenetic studies of cultured
cells from a piglet with rhabdomyosarcoma found a deletion
of a portion of the X chromosome, and a study of a benign
melanocytic tumor in a sheep did not find evidence for muta-
tions in two genes most often mutated in human malignant
melanoma. Additional molecular genetic studies of farm
animal tumor cells may be found to be useful in the future,
in particular in studies of congenital tumors such as skeletal
muscle tumors and melanocytic tumors that may have value
as animal models of human disease.

When submitting samples for cytologic or histopathologic
evaluation, the actions of the surgeon can greatly increase
the ability of the pathologist to provide an accurate diagno-
sis. In addition to gentle tissue handling, the surgeon should
e Ensure that the sample is placed into an appropriate

volume of neutral buffered formalin. A ratio of 9 parts

formalin to 1 part tissue is ideal.

e Know that, if a tissue is compressed to fit through a
narrow-mouthed container, formalin fixation will harden
the tissue and it will be necessary to break the jar to
retrieve the sample.

e Use only containers with leak-proof lids. Containers
designed for urine sample collection will leak no matter
what the surgeon does to try to seal them.

e Enhance fixation by preincising large samples. Incisions
should be no closer than 1 cm apart and should not be
placed in the deep margin of samples with overlying
haired skin. For larger samples, including skin, make pre-
incisions through the skin surface. Larger samples can
also be halved and placed in separate jars. Very large
samples may necessitate submission of multiple represen-
tative samples from different parts of the lesion and
sending either the entire remaining unfixed tissue or an
image of the original lesion.

e Provide a complete signalment. In some cases, particu-
larly cutaneous tumors, information regarding coat color
can be important. If exact age is not known, using terms
such as very young, young adult, or geriatric can be useful.

e Provide a complete history including location, rate of
growth, appearance (submission of digital images is great-
ly encouraged), and texture. For histopathologic samples,
state whether the excision was incisional or excisional.
Inclusion of clinical differential diagnoses is encouraged.
In any case in which the pathologic diagnosis is not con-

sistent with the clinical features, do not hesitate to call the

pathologist to discuss the case. In some cases referral for
additional opinions is useful.

TUMORS OF THE SKIN AND SOFT TISSUE

Skin tumors are the most common neoplasms in farm
animals. This is in large part caused by the high incidence
of papillomavirus-induced lesions in the skin of cattle. Other
tumors occur less frequently, and skin tumors in general are
less common in sheep, goats, and pigs. Tumors of the
soft tissue (subcutis and skeletal muscle) are rare and are
included in this section because they are likely to present as
mass lesions visible and palpable on external physical
examination.

Papilloma and Fibropapilloma (Papillomatosis)

Papillomas, commonly called warts, are the most common
skin tumor of cattle. Shorthorn cattle appear to be predis-
posed to the development of cutaneous papillomatosis.
These tumors in cattle result from bovine papillomavirus

infection and most often occur in animals less than 2 years
of age. Viral infection of skin is thought to occur most often
after trauma, infections, ectoparasites, or ultraviolet light
exposure that damages the skin. Virally induced cutaneous
papillomatosis occurs less often in sheep and goats of any
age, and a viral cause is suspected in affected goats. Papil-
lomatosis is rare but can occur in pigs of all ages. Piglets can
be born with congenital papillomas that may or may not be
virally induced. Papillomas can also involve the eyelids of
cattle and the genitalia of cattle and pigs and are discussed
in the sections on tumors of the eye and tumors of the female
and of the male genital tract. Papillomas of the udder and
teats in cattle, sheep, and goats are discussed in the section
on tumors of the udder and mammary gland.

Bovine papillomas can become quite large and multi-
nodular. They may be broad based or pedunculated, they are
alopecic, and surface hyperkeratosis is typical. Exophytic
growths are most common, although flat plaque-like growths
are also possible. Lesions can occur anywhere on the body,
but the head, neck, and dewlap are common sites (Figure
8-1). In sheep, papillomatosis most often involves the skin of
the face and legs. Goat papillomas most often occur on the
head, neck, shoulders, and upper forelegs.

Raised lesions of the interdigital skin of adult cattle can
be due to papillomavirus (Figure 8-2) or to bacteria (spiro-
chetes). Papillomatous digital dermatitis is a more appropriate
term for the bacterial-induced lesions, which are typically
single, raised, painful growths often with surface finger-
like projections of epithelium. Lameness, weight loss, and
decreased milk production occur in cattle with interdigital
papillomatous dermatitis. These growths can occur only in
individual animals or can apparently spread to involve mul-
tiple animals.

Histologic evaluation of papillomas reveals two main
types of proliferative lesions. Those with entirely squamous
epithelial proliferations are classified as squamous papillo-
mas, and those with proliferation of underlying fibrous con-
nective tissue as well as of epithelium are classified as
fibropapillomas. Papillomaviruses are known to be capable
of inducing proliferation of both epithelial cells and fibro-
blasts. Identification of the spirochetes associated with
bovine papillomatous digital dermatitis requires silver stains
for bacteria.

Papillomas in farm animals can be contagious, with an
incubation period of about 2 to 6 months. Herd outbreaks

Figure 8-1 Multiple papillomas caused by bovine papilloma-
virus on facial skin of a young cow. (Courtesy of Dr. Erwin
Pearson.)



Figure 8-2 Interdigital papilloma in a bull. (Courtesy of Dr.
Christiane Lohr)

of papillomas on the pinna can occur when instruments used
for inserting ear tags or for tattooing skin are not adequately
disinfected between animals. Most papillomas that develop
in young animals will spontaneously regress. Surgical exci-
sion of one tumor or use of immunostimulants have been
said to speed the regression, but whether these procedures
actually alter the natural course of the disease is not clear.
Papillomas in adult sheep and goats less commonly regress
spontaneously, and persistent tumors can undergo malignant
transformation to squamous cell carcinoma (see Squamous
Cell Carcinoma). Congenital papillomas in piglets can grow
rapidly after birth. Surgical excision or cryotherapy of cuta-
neous and interdigital papillomas of cattle and of papillomas
of sheep, goats, and piglets is often curative. In dairy cattle,
treatment of papillomatous interdigital dermatitis with
parenteral penicillin, ceftiofur, or topical oxytetracycline
resulted in resolution of the lesions, which is good evidence
that bacteria play an important pathogenic role in this dis-
order. Recurrence or subsequent development of new lesions,
however, occurred in almost 50% of cases.

Squamous Cell Carcinoma

Squamous cell carcinoma is the second most common skin
tumor in almost all farm animals. Domestic swine are the
exception, as cutaneous squamous cell carcinoma is very rare
in domestic pigs. This is interesting, as the development of
cutaneous squamous cell carcinoma has been linked to ultra-
violet light exposure of thinly haired unpigmented skin,
which most domestic pigs have in abundance. Squamous cell
carcinoma does occur in pot-bellied pigs. Viral papillomas
can progress to cutaneous squamous cell carcinoma, espe-
cially those on the udder (see Tumors of the Udder and
Mammary Gland). Squamous cell carcinoma typically occurs
in adult animals. In cattle, Herefords and Ayrshires are pre-
disposed to squamous cell carcinoma, most likely because of
their large areas of unpigmented skin. Aged ewes and Merino
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Figure 8-3 Bovine periocular squamous cell carcinoma.
(Courtesy of Dr. Barry Cooper.)

Figure 8-4 Ulcerated squamous cell carcinoma in muzzle
skin of a Jacob’s sheep. (Courtesy of Dr. Christiane Lhr and
Dr. Kelly Hughes.)

sheep are more likely to develop squamous cell carcinoma,
and both ultraviolet light exposure and exposure to photo-
sensitizing plants are proposed etiologic factors. Saanen,
Saanen cross, and Angora goats with white- or gray-haired
areas appear to be predisposed to cutaneous squamous cell
carcinoma. Cutaneous squamous cell carcinoma has been
reported to be the second most common tumor in goats.
Squamous cell carcinoma in goats is seen more often in
female goats, most likely because of the syndrome of udder
papillomatosis and squamous cell carcinoma (see Tumors of
the Udder and Mammary Gland).

Cutaneous squamous cell carcinoma causes a raised, pro-
liferative, and ulcerated lesion and in cattle is usually at or
near mucocutaneous junctions such as the periocular skin
(Figure 8-3) and skin of the vulva. Squamous cell carcinoma
in the skin of sheep most often occurs on the ears and less
commonly involves other areas, especially the muzzle (Figure
8-4), lower lip, and vulva. Those on the vulva occur primar-
ily in sheep in which perineal surgery has been performed
to reduce fly strike. Tumors in sheep are often multicentric.
Squamous cell carcinoma of the ears of sheep can begin as a
cutaneous horn or as a hyperkeratotic plaque, or can occur
at the site of ear trauma such as from an identification punch.
This tumor is rare in sheep less than 4 years of age. Cutane-
ous squamous cell carcinoma in goats is most common on
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the ears, udder, vulva, and perineum but can also occur at
the base of the horn. Tumors in pigs can be single or multiple
and site predilection has not been detected.

Histologic features are of well-differentiated to poorly
differentiated invasive squamous epithelium with associated
sclerosis and inflammation. Atypical squamous cells indica-
tive of neoplasia can be seen on cytologic preparations.

Metastasis of cutaneous squamous cell carcinoma can
occur, most commonly to local lymph nodes. Metastasis is,
however, typically a late event, preceded by a long period of
local invasion. Immunotherapy of ovine squamous cell car-
cinoma has been shown to actually increase the rate of
metastasis. Wide surgical excision, cryotherapy, hyperther-
mia, or radiation therapy of tumors before metastasis can be
curative.

Cutaneous Horn

Cutaneous horn occurs in cattle, sheep, and goats. These
growths can be single or multiple and consist of firm hornlike
projections up to 10 cm long (Figure 8-5). Histologically,
cutaneous horn is formed by compacted laminated keratin.
Surgical excision is usually curative, although histopatho-
logic evaluation of the base of the lesion to rule out underly-
ing papilloma or carcinoma is warranted.

Melanocytic Tumors
Both benign and malignant melanocytic tumors occur in
farm animals. Melanoma is most common in Sinclair minia-
ture and Duroc-Jersey swine and is thought to be inherited
in these breeds. Melanoma also occurs with some frequency
in Hampshire and Iberian pigs. Melanomas occur in the skin
of cattle with some frequency, are relatively uncommon in
goats, and are rare in sheep. Melanoma in farm animals does
not appear to be related to ultraviolet light exposure.
Melanomas in cattle occur most often in young animals.
Tumors are either present at birth or develop within the first
2 years. Melanoma most commonly occurs in gray-haired
cattle and in black- or red-haired cattle such as Angus. Mela-
noma in sheep occurs in the skin or the base of the horn in
adult to aged animals, and Suffolk and Angora sheep are
predisposed breeds. Melanoma in goats occurs in adult to
aged animals. Angora goats may be predisposed, as is any
goat of gray or brown coat color. Melanoma in predisposed
swine breeds can develop at any age but is most often present
at birth or develops within 1 year of age.

Figure 8-5 Cutaneous horn in a Hereford. (Courtesy of Dr.
Nita Irby.)

Melanoma is recognized clinically by areas of gray to black
pigmentation within a solid fleshy raised mass. Melanomas
occur within the dermis, the subcutis, or both. The overlying
skin is often darkly pigmented, smooth, and partially to
completely alopecic. Melanomas in cattle occur on the head
(especially the jaw), neck, trunk, or legs. Most tumors arise
in areas of pigmented hair. The size of tumors in cattle is
variable, from less than 5 cm to up to 25 cm. Melanoma in
cattle most often occurs as a solitary lesion with intact over-
lying skin (Figure 8-6A to C). Melanomas in sheep are often
multiple and occur in the subcutis under areas of pigmented
skin. Melanomas of goats occur most often in the perineum
but can also arise in the skin of the udder or the ear, in the
coronary band or hoof wall, and at the base of the horn.
Melanomas in goats can be single or multicentric. Melano-
cytic tumors of the perineum in goats vary from infiltrative
to pedunculated and often are ulcerated. Affected goats
often rub and lick the area, and secondary infection is
common. Enlargement of local lymph nodes and poor body
condition are also common in goats with melanoma. Mela-
nomas in predisposed pigs can be either solitary or multiple
and occur as either flat plaque-like tumors or larger raised
tumors, most often on the trunk (Figure 8-7).

Histologic and cytologic examination of samples from
melanocytic tumors reveals the characteristic melanin-con-
taining neoplastic cells, often admixed with heavily pig-
mented melanophages. Cellular pleomorphism and mitotic
activity are variable. Those tumors with high mitotic indices
are most often malignant. Evidence of local or epidermal
invasion is also a good indicator of malignancy.

Melanocytic tumors that occur in young cattle are almost
always benign and cured by wide surgical excision. Melano-
mas in older cattle can, however, develop metastases to local
lymph nodes or internal organs. Melanomas of sheep and
goats are most often malignant, with frequent metastases,
although one report of a case in a black sheep had histo-
pathologic features of melanocytoma, a benign melanocytic
tumor. Perineal and horn-base melanomas of goats can
exhibit widespread metastases to multiple lymph nodes; to
bone; and to internal organs, including lungs, liver, adrenal
glands and kidneys. Surgical excision of cutaneous melano-
mas in goats can be attempted, but death from metastatic
tumors is common. The melanomas of predisposed breeds
of pigs have an interesting behavior that has made them a
useful animal model for the study of melanocytic tumors of
people. The flat tumors typically spontaneously regress start-
ing as early as 1 month of age, often leaving a halo of depig-
mented skin and hair. Larger, raised tumors often metastasize
within the first year of life.

Mast Cell Tumors

Mast cell tumors are most common in cattle and often
involve the skin. Age of affected cattle ranges from 2 months
to 12 years, and Holstein and Holstein crosses may be pre-
disposed to develop cutaneous mast cell tumors. Congenital
systemic mastocytoma with multiple skin nodules occurred
in a stillborn Holstein calf. Cutaneous mastocytosis occurs
in domestic pigs 6 to 18 months of age. Cutaneous mast cell
tumors also occur in pot-bellied pigs. An informal study of
case records found that affected pot-bellied pigs averaged 7
years of age. Mast cell tumors are uncommon in goats, and
young goats (less than 6 months of age) may be predisposed.
No reports of mast cell tumors were found in sheep.

Mast cell tumors in the skin of cattle can be single or
multiple. These tumors are raised, firm, tan nodular masses
that can be ulcerated. Tumors can be discrete or infiltrative.
Histologic and cytologic preparations are characterized
by sheets of well-differentiated to pleomorphic mast cells
with admixed eosinophils. Mitoses are rare. Tumor necrosis,
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Figure 8-6 A, Melanoma on sternum of an Angus cow. B, Close-up view. C, After resec-

tion. (Courtesy of Dr. S.L. Fubini.)

Figure 8-7 Multifocal congenital melanoma in the skin of a
piglet. (Courtesy of Dr. Barry Cooper.)

fibrosis, and mineralization are common histologic findings
in cattle. Porcine mastocytosis results in multiple nodular
solid gray-white skin lesions that can be ulcerated. Tumors
in pigs contain relatively homogeneous neoplastic mast cells
admixed with eosinophils. Cutaneous mastocytosis in pigs
may or may not have associated widespread visceral involve-
ment. In pot-bellied pigs cutaneous mast cell tumors can be
single or multiple. Cutaneous mast cell tumors in goats are
composed of sheets of relatively homogeneous mast cells
admixed with eosinophils.

Cutaneous mast cell tumors in cattle are associated with
a relatively high rate of metastasis. Spread to lung and lymph
node is most common, and metastasis to liver and muscle
is also reported. Tumor cell morphology (that is, well-
differentiated vs. pleomorphic) does not appear to predict
metastatic behavior, as even very well-differentiated mast
cell tumors in cattle have undergone widespread metastasis.
Recurrence of cutaneous mast cell tumor was documented
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in some pot-bellied pigs with multiple tumors. In all species
wide surgical excision is the treatment of choice. A guarded
prognosis is warranted following excision of cutaneous mast
cell tumors in cattle, but excision of a cutaneous mast cell
tumor may be curative in pot-bellied pigs and was apparently
curative in a 6-week-old goat kid.

Cutaneous Lymphoma
Cutaneous lymphoma occurs most commonly in cattle and
is extremely rare in sheep, goats, and swine. Most cases of
cutaneous lymphoma in cattle occur in young adults 1 to 3
years of age. Lymphoma involving the skin of cattle is associ-
ated with the sporadic form of bovine leukosis and is not
associated with bovine leukemia virus (BLV) infection.
Skin lesions are most often multifocal and commonly
involve the neck and trunk. Onset is sudden and initial
lesions resemble an urticarial reaction. The initial lesions
progress to form variably sized firm nodules within the skin
and/or subcutis. The overlying skin may be normal, variably
alopecic, hyperkeratotic, or ulcerated. Lesions often regress
spontaneously, only to reappear. Histologic and cytologic
preparations reveal sheets of a relatively homogeneous pop-
ulation of neoplastic lymphocytes. Effacement of tissue
architecture is seen on histologic preparations. Origin from
T-lymphocytes is most common in cattle. Surgical excision
of cutaneous bovine lymphoma is only useful as a diagnos-
tic procedure. No effective treatment has been reported,
and eventual death caused by involvement of internal
organs is typical. But it is possible that chemotherapeutic
approaches can be successful in treatment of lymphoma in
farm animals.

Cutaneous Vascular Tumors
Cutaneous vascular tumors are most common in cattle but
also occur in sheep, goats, and pigs. Tumors can be congenital
or acquired. Congenital tumors may actually be hamartomas
rather than true neoplasms. Tumors of lymphatic origin
(lymphangiomas) are also possible.

Calves can be born with multiple cutaneous vascular
lesions. Those that involve the gingiva and tongue are
described in Tumors of the Oral Cavity and Jaw. Cutaneous
vascular lesions in neonatal calves are often described by
owners as appearing to be blood blisters. Vascular lesions in
neonatal calves can be disseminated throughout the skin and
can also involve internal organs. In adult cattle, a syndrome
known as bovine cutaneous angiomatosis occurs. Lesions can
be single or multiple and often occur on the dorsum of the
trunk. These tumors are soft and pink to reddish gray, can
be sessile or pedunculated, and often bleed sporadically.
Cutaneous vascular neoplasms occur in goats of all ages and
are most often single raised pink to red lesions that often
bleed. Multicentric cutaneous vascular neoplasia is also pos-
sible in goats (Figure 8-8). In pigs, hemangiomas occur in
the scrotal skin, especially of Yorkshire and Berkshire boars.
Scrotal hemangiomas in pigs are often multicentric and prog-
ress from tiny purple papules to raised, hyperkeratotic
lesions. Lymphangioma has been reported in fetal calves.

Cytologic evaluation of vascular tumors most often
reveals only blood. Histologic evaluation is necessary to iden-
tify the proliferative endothelial cells lining vascular chan-
nels in these lesions. These channels vary from capillary
(most common in congenital neoplasms of calves) to cavern-
ous and can contain a mixture of vascular structures. Very
well-differentiated lesions may be classified as hamartomas.
Abnormal vascular channels lined by well-differentiated
endothelium are hemangiomas, whereas tumors with cellu-
lar pleomorphism and mitotic activity are hemangiosarco-
mas. Multicentric vascular neoplasia in a goat was described
as being a mixture of hamartomatous vasoproliferation,

Figure 8-8 Multifocal dermal to subcutaneous hemorrhagic
zones characteristic of vascular neoplasia in the skin of a
goat. (Courtesy of Dr. Christiane Lohr.)

hemangioma, and hemangiosarcoma. Lymphangioma resem-
bles hemangioma but channels lack blood.

Vascular lesions of all types can exhibit local invasion and
can recur after incomplete excision. Wide surgical excision
of tumors, when possible, is often curative, as even cutane-
ous hemangiosarcomas rarely metastasize. Spontaneous
regression of congenital multicentric cutaneous hemangioma
has been reported in a calf.

Other Tumors and Tumor-like Lesions of

the Skin

Uncommon skin tumors of farm animals include basal cell,
sweat gland, and sebaceous tumors, histiocytoma, and ham-
artomas (organoid nevus and fibroepithelial hamartoma).
Xanthoma is a rare nonneoplastic mass lesion.

A basal cell tumor (the current term is trichoblastoma) in
the lacrimal pouch of a 2.5-year-old intact male Hampshire
sheep has been reported, and a basosquamous tumor was
reported in the tail of an adult cow. Sebaceous hyperplasia
occurs rarely in adult goats. Basal cell carcinoma involved
skin of the horn base in one goat, and sebaceous epithelioma
of the perineum occurred in two goats. Trichoblastoma
(basal cell tumor), sebaceous adenoma, and sebaceous epi-
thelioma are raised, alopecic exophytic growths that can be
ulcerated. Histologic features are of circumscribed nodular
growths of relatively orderly basal-type epithelial cells with
a variable amount of admixed stroma (trichoblastoma), of
proliferative but well-differentiated sebaceous glands (seba-
ceous hyperplasia and adenoma), or basal-type epithelial
cells with frequent abrupt sebaceous differentiation (seba-
ceous epithelioma). These tumors are benign and surgical
excision is curative. Basal cell carcinoma is invasive and com-
posed of poorly differentiated epithelial cells with frequent
mitotic figures.

Sweat gland tumors are rare in farm animals. One sweat
gland carcinoma was reported in a study of Brazilian cattle.
A sweat gland adenocarcinoma occurred in the skin of the
left shoulder of a mouflon sheep, with widespread peripheral
lymph node and internal metastasis. Multiple congenital
sweat gland hamartomas were found in a piglet.

Histiocytoma is most common on the scrotum of buck
goats, but eyelid and ventral abdominal wall histiocytomas
have also been reported in female and castrated male goats.



Tumors are circumscribed raised lesions that are formed by
sheets of histiocytic cells with a high mitotic index. Sponta-
neous regression of histiocytoma can occur in goats.

Organoid nevus and fibroepithelial hamartoma are non-
neoplastic hamartomatous lesions composed of increased
dermal collagen with admixed adnexa and, in fibroepithelial
hamartoma, other tissue such as blood vessels. Organoid
nevus is a localized lesion that occurs rarely in cattle and
pigs. Organoid nevi can be flat plaque-like lesions or can be
elongated and pedunculated. The latter are often also called
skin tags. Surgical excision of organoid nevus is curative. A
fibroepithelial hamartoma with extensive involvement of
facial skin was described in a newborn piglet. Hamartomas
may grow along with the affected animal but they are not
expected to exhibit rapid or invasive growth. Occasionally
involved adnexa can rupture, resulting in rapid lesion
enlargement.

Xanthoma occurred in the subcutaneous tissue of the
sacral area in a 2-year-old Saanen doe. The mass was tan with
yellow-white areas on the cut surface. Characteristic histo-
pathologic features were multiple lobules separated by
fibrous tissue, with lobules composed of foamy macrophages,
giant cells, abundant lipid, and cholesterol clefts.

Cysts

Cysts of the skin are uncommon lesions of cattle, sheep,
goats, and swine. They can be single or multiple and can be
congenital or acquired. Epidermal cysts (epidermal inclusion
cysts), dermoid cysts, and follicular cysts are most common.
Cysts are most common in Merino and Suffolk sheep, in
which a hereditary basis is suspected. Cysts within the udder
skin of older ewes involve mammary glandular epithelium
and contain milk. Epidermal and dermoid cysts are less
common in cattle. Cysts within the wattle of Nubian and
Nubian cross goats are developmental anomalies present at
or soon after birth that are suspected to arise from branchial
cleft remnants. A hereditary basis for wattle cysts in goats is
suspected.

Cystic skin lesions in farm animals are most often asymp-
tomatic, although their presence will adversely affect hide
quality. Cysts can rupture and develop secondary inflamma-
tion with ulceration of overlying skin or can be discrete and
nodular with normal overlying skin. Wattle cysts in goats are
soft and fluctuant with normal overlying skin. These lesions
are further discussed and illustrated in Chapter 22, Lumps
and Bumps of Sheep and Goats. Cystic skin lesions in sheep
have been associated with development of carcinoma and
with systemic illness.

Cytologic evaluation of epidermal, dermoid, and follicu-
lar cyst contents will reveal keratin, often admixed with
cholesterol clefts and macrophages. Milk can be aspirated
from udder cysts in sheep. Wattle cysts contain clear liquid.
Surgical excision and histopathologic evaluation to identify
the type of cells and structures within the cyst wall will
allow for classification of the type of cyst present. Epidermal
cysts are lined by keratinizing epithelium lacking adnexal
structures. Dermoid cysts are lined by keratinizing epithe-
lium with associated adnexa. Follicular cysts consist of
dilated and keratin-filled hair follicles. Wattle cysts are lined
by a single to double layer of cuboidal to columnar epithelial
cells. When either a single or a small number of cysts are
present, surgical excision is curative. Excision of udder cysts
of sheep is neither necessary nor recommended.

Soft Tissue Tumors

Soft tissue tumors are less common in farm animals than are
tumors of the skin. Included in this group of tumors are fi-
broma, fibrosarcoma, myxoma, myxosarcoma, neurofibro-
ma, lipoma, smooth muscle tumor, and rhabdomyosarcoma.
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Multicentric lymphoma can also involve subcutaneous tis-
sue. Most of these tumors occur in adults, but some can also
be congenital.

Fibroma and fibrosarcoma occur rarely in the skin and
subcutis of adult cattle, sheep, goats, and pigs. Myxomatous
tumors are considered to be variants of fibroma and fibrosar-
coma. Cutaneous neurofibromas are most common in adult
Holstein and Hereford cattle. Multifocal neurofibromas in
Holsteins are a syndrome that resembles human neurofibro-
matosis, in which multiple cutaneous tumors composed of
admixed Schwann cells and fibroblasts occur in people with
genetic defects in the neurofibromatosis gene. Neurofibro-
mas of cattle are associated with large nerve trunks such as
the brachial plexus, intercostal nerves, and cardiac nerves.
Subcutaneous lipomas occur occasionally in cattle but are
rare in sheep, goats, and pigs. Congenital lipomas that can
be multiple and congenital infiltrative lipomas occur in
calves. Congenital lipoblastoma, a benign fatty tumor, has
also been reported in a calf, and liposarcoma occurred in a
cow. Smooth muscle tumors are rare. Subcutaneous leio-
myosarcoma has been reported in two cows, and a fibroleio-
myoma occurred in the skin of a pig. Rhabdomyosarcoma
within skeletal muscle has been seen in cattle, sheep, and
pigs. Spindle cell sarcomas of smooth muscle or neural origin
have been reported as congenital tumors in newborn piglets.
Rhabdomyosarcoma and lipoma can occur in young as well
as older animals. In piglets, rhabdomyosarcoma cells can
have a characteristic chromosomal deletion. Intramuscular
rhabdomyosarcoma has also been reported in a 1-year-old
sheep.

Soft tissue tumors present as progressively enlarging
masses or swellings. Fibroma, fibrosarcoma, leiomyosarcoma,
and leiomyoma usually occur as single masses. Neurofibroma
and rhabdomyosarcoma are often multicentric. Rhabdomyo-
sarcoma in farm animals typically arises within skeletal
muscle. Cattle with neurofibromas involving large peripheral
nerve trunks can develop signs of lameness and denervation
atrophy. Perineal leiomyomas occur in cattle and pot-bellied
pigs and can be single or multiple. Lymphoma within the
subcutis results in diffuse thickening (Figure 8-9).

Soft tissue tumors vary from fleshy to fatty to myxoid,
depending on the tumor cell type. Cytologic evaluation will
distinguish lipoma from other mesenchymal tumors. His-
tologic evaluation—and possibly immunohistochemistry—
is needed to distinguish fibroma, fibrosarcoma, myxoma,
myxosarcoma, neurofibroma, leiomyoma, leiomyosarcoma,
and rhabdomyosarcoma.

Figure 8-9 Marked thickening of the subcutis of the abdom-
inal wall due to lymphoma in a goat. The black arrow is
pointing to lymphomatous thickening of the body wall.
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Subcutaneous lipoma in farm animals is most often an
isolated and discrete tumor, although infiltrative lipoma can
occur in calves. Other soft tissue tumors are typically locally
invasive but rarely metastasize (rhabdomyosarcoma may be
an exception to this rule). Wide surgical excision of all soft
tissue tumors, when possible, could be curative. For example,
surgical excision of a perineal leiomyosarcoma in a cow was
apparently curative and did not interfere with subsequent
breeding and calving. Excision of a congenital sarcoma in one
piglet was apparently curative, but widespread metastasis
occurred in two other cases.

TUMORS OF THE EYE

Tumors involving the eyelids, conjunctiva, cornea, and orbit
are relatively common in cattle and less often seen in other
farm animal species. A necropsy study of cattle found that
15% of neoplastic disease identified involved the eye and
periorbital tissues. Ocular squamous papilloma, squamous
cell carcinoma, and orbital lymphoma of cattle are most
common. A study of enucleated eyes from cattle found that
85% of cases had squamous cell carcinoma. Ocular squa-
mous cell carcinoma can also occur in sheep, especially
those at high altitudes. Only one report of ocular squamous
cell carcinoma was found in goats, in which papillomavirus
was proposed to be the cause of ocular squamous cell carci-
noma in twin goats. Eyelid meibomian gland tumor, ocular
lymphangiosarcoma, and retrobulbar meningioma are rare
neoplasms in cattle. A congenital benign intraocular mela-
noma occurred in a calf, and multicentric malignant mela-
noma involving the eye was found in a bovine fetus.
Intraocular tumors—iridociliary adenoma and intraocular
melanoma—have been described in adult sheep. Ocular der-
moids are developmental anomalies present at birth that
occur sporadically in calves and pigs. Bilateral ocular der-
moids can occur in calves, and dermoid cysts can also be
found within the bony portion of the nasolacrimal duct in
cattle.

Cutaneous papillomas caused by bovine papillomavirus
can occur on the eyelids (see Figure 8-1) or corneoscleral
junction of young cattle and are predisposing factors in
development of ocular squamous cell carcinoma. Bovine
squamous cell carcinoma is most common in the limbal
and eyelid conjunctiva but can also arise in the cornea.
Squamous cell carcinoma that involves the orbit and retro-
bulbar tissue is much less common. Bovine ocular squamous
cell carcinoma occurs in all breeds, but Herefords appear
to be predisposed to this tumor. Ocular squamous cell car-
cinoma usually occurs in cattle over 5 years of age. Lack
of eyelid pigmentation and ultraviolet light are etiologic
factors, although a genetic predisposition is also suspected.
Up to 20% of cattle in some herds in Australia have devel-
oped ocular squamous cell carcinoma. Ocular squamous
cell carcinoma occurs much less commonly in sheep. Lym-
phoma can involve the orbit of adult cattle and goats as
part of a more generalized neoplastic process associated
with BLV infection. Ocular dermoid is not a true tumor
but presents as an ocular mass lesion in neonatal calves and
piglets. Ocular dermoid (also called choristoma) is a devel-
opmental defect in which a zone of skin, often haired, is
present at birth on the cornea or conjunctiva (Figure 8-10).
Ocular dermoids are most common in polled Herefords and
also occur in pigs. Lymphangiosarcoma of the limbus has
been reported in an 8-year-old Holstein cow. In goats, his-
tocytoma can involve the eyelid, and lymphoma can be
retrobulbar, causing conjunctival swelling (Figure 8-11). No
reports of ocular tumors were found in domestic or pot-
bellied pigs.

Figure 8-10 Ocular dermoid in a piglet. (Courtesy of Dr.
Howard Gelberg))

Figure 8-11 Marked conjunctival swelling due to periocular
lymphoma in a goat. There is retention of fluorescein dye
due to exposure keratitis. (Courtesy of Dr. Steve Brown.)

Tumors of squamous epithelium often begin as a smooth
raised plaque that progress to form an exophytic squamous
papilloma. Some ocular papillomas will spontaneously re-
gress. Persistent papilloma can progress to noninvasive and
then to invasive squamous cell carcinoma. Not all ocular
squamous tumors exhibit this sequential development, and
invasive carcinoma may be the first clinically noted lesion.
Squamous cell carcinoma is a raised proliferative lesion that
is often ulcerated and secondarily infected (Figure 8-12).
Squamous cell carcinoma of the conjunctiva can spread to
involve the globe, and corneal squamous cell carcinoma can
spread to involve conjunctiva. In advanced cases, determin-
ing the initial site of malignant transformation is often im-
possible (Figure 8-13). Neoplastic squamous cells are seen
on histologic and cytologic preparations.



Figure 8-12 Conjunctival squamous cell carcinoma in a Her-
eford steer. (Courtesy of Dr. Barry Cooper.)

Figure 8-13 Orbital squamous cell carcinoma in a cow.
(Courtesy of Dr. Jorge Vanegas.)

Lymphoma of the orbit and retrobulbar space most often
causes progressive exophthalmos of the affected eye (Figure
8-14). In dairy cattle, early signs of exophthalmos may not
be noticed, as many dairy breeds normally have mild exoph-
thalmos. Involvement of conjunctiva can mimic chemosis.
When protrusion of the globe becomes severe enough to
interfere with eyelid closure, rapid development of exposure
keratitis occurs (see Figure 8-14). If the lymphoma is deep
within the orbit, diagnostic procedures such as biopsy or
cytology will be difficult. If the conjunctiva is involved
biopsy can provide the diagnosis. Complete examination to
detect other affected organs and, in cattle, serologic testing
for bovine leukemia virus infection are useful diagnostic
procedures. Evaluation of tumor tissue by cytology or histo-
pathology after removal of the globe reveals sheets of rela-
tively homogeneous lymphocytes, and marked invasion and
obliteration of normal architecture are seen in tissue
sections.
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Figure 8-14 Bilateral exophthalmos due to periocular lym-
phoma in a Holstein cow. (Courtesy of Dr. Bill Rebhun.)

Retrobulbar intranasal adenocarcinoma and squamous
cell carcinoma are rare causes of exophthalmos in aged
cattle. The iridociliary adenoma reported in a sheep caused
exophthalmos, and the intraocular ovine melanoma was in
an atrophied bulb.

Ocular dermoids do not enlarge, but the presence of hairs
often results in irritation of the lids or cornea that can become
secondarily infected. Ocular lymphangiosarcoma has pre-
sented as a progressively enlarging subconjunctival mass at the
limbus. Biopsy revealed irregular vascular channels devoid of
blood, consistent with origin from lymphatics.

Ocular squamous cell carcinoma is locally invasive and
destructive, but metastasis is uncommon. Rarely, ocular
squamous cell carcinoma in cattle undergoes spontaneous
remission. Surgical removal of the affected globe and lids in
cattle and sheep can be curative, although in predisposed
cattle carcinoma can develop in the other eye. In one study
with follow-up of 22 cattle following enucleation for ocular
squamous cell carcinoma, only one tumor recurred and there
was no evidence of metastatic disease. Other successful
therapies for ocular squamous cell carcinoma include cryo-
surgery, hyperthermia, radiation, and immunotherapy. In
particular, peritumoral injection of interleukin-2 has resulted
in remission of ocular squamous cell carcinoma in cattle,
especially in tumors of the third eyelid and limbus. Removal
of exophthalmic globes because of orbital or retrobulbar
lymphoma should be considered only as a palliative measure
to make the animal more comfortable. Complete excision of
orbital lymphoma is not possible, and the involvement of
other organs will lead to eventual death, usually within 6
months of diagnosis. To date we are not aware of any reports
of successful chemotherapy of bovine lymphoma, but this
may be possible in the future. Removal of the affected globe
was apparently curative in the cow with ocular lymphangio-
sarcoma, in the calf with congenital intraocular benign mela-
noma, and in the sheep with iridociliary adenoma. Surgical
excision of dermoids is curative.

TUMORS OF THE ORAL CAVITY AND JAW

Tumors involving oral soft tissue and bones of the jaw are
most common in cattle, less common in sheep, and rare in
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goats and pigs. Epithelial, odontogenic, vascular, osseous,
and fibroblastic tumors occur.

Oral Soft Tissue Tumors

Papilloma caused by bovine papillomavirus can occur in the
oral mucosa, including the lips, of calves. Exophytic polypoid
to sessile growths are seen, and tumors can be multicentric.
Papillomatosis of the tongue is a common congenital lesion
in piglets in China. In contrast to oral papillomas, oral squa-
mous cell carcinoma occurs in older animals and is an inva-
sive destructive tumor. Squamous cell carcinoma involving
the oral cavity is common in Brazilian cattle, and ingestion
of bracken fern is thought to be the inciting cause. Involve-
ment of rumen and esophagus as well as oral cavity is
common in Brazilian cattle. Metastasis of oral squamous cell
carcinoma was typical in these cattle and was not correlated
with the appearance of the primary tumor. Oral squamous
cell carcinoma that can metastasize to local lymph nodes and
lung occurs in aged pot-bellied pigs. Similar to squamous cell
carcinoma at other sites, oral squamous cell carcinoma is an
ulcerated infiltrative growth of firm, white tissue. Clinical
signs are weight loss and dysphagia. Vascular tumors of the
gingiva and tongue occur in young calves and can be present
at birth. Most often these are single fleshy masses that can
be superficially ulcerated.

Histologic examination will distinguish the relatively
orderly epithelial proliferation of papilloma from the pleo-
morphic and invasive epithelium of squamous cell carci-
noma. Vascular tumors are characterized by clusters of
well-differentiated capillary-type blood vessels in a fibrous
stroma. Whether these tumors represent benign neoplasia
(hemangioma) or vascular hamartomas is unclear. Their
presence at birth suggests that the latter is most likely. Oral
tumors are less common in goats and sheep. Oral tumors
reported in goats are amyloid-producing odontogenic tumor,
lymphoma, rhabdomyosarcoma, and unclassified sarcoma.

Viral papillomas are benign lesions that most often regress
spontaneously. Surgical excision of these masses is also cura-
tive. Squamous cell carcinoma is not likely to be recognized
in farm animal species until a relatively late stage of develop-
ment, when wide surgical excision is difficult or impossible.
Vascular tumors often exhibit some degree of local infiltra-
tion and slowly enlarge as the animal grows. Wide surgical
excision is often necessary for cure, and cryotherapy has
been reported to be an effective treatment. Gingival odon-
togenic tumors will be cured by wide excision. Sarcomas are
typically locally invasive; too little information is available
to describe metastatic potential.

Tumors of Bones of the Jaw

Tumors of bones of the jaw include odontogenic tumors,
osteoma, fibroma, fibrosarcoma, myxomatous, and vascular
tumors. Odontogenic tumors occur most often in cattle and
sheep and rarely in pigs. Odontogenic tumors are typically
seen in young (including newborn) to young adult animals,
but have also been diagnosed in older animals. Presumably
odontogenic tumors identified in adults had been present for
some time before diagnosis. Tumors of odontogenic origin
have a variety of histologic features that result in various—
often confusing—classifications that are prone to change.
Tumor types identified in farm animals include odontoma
(including ameloblastic, compound, and complex odonto-
ma), ameloblastoma, and ameloblastic fibro-odontoma. Os-
teoma and fibroma also occur in the jaws of adult cattle.
Fibrosarcoma of the jaw occurs in adult sheep grazing brack-
en fern. Myxomatous tumors (myxoma and myxosarcoma)
occur in adult cattle. Vascular tumors of the gingiva of calves
can invade bone, although this is rare, and a hemangiosar-
coma thought to be primarily within mandibular bone has

been described in a bull. The congenital malignant mela-
noma involving the eye of a calf (see ocular tumors) also
invaded maxillary bone.

Tumors of the jaw most often present as slowly enlarging
firm to bony growths. These tumors often arise at or near
tooth roots and can cause loosening and malalignment of
adjacent teeth. Radiographic evaluation is useful to deter-
mine the site and extent of the tumor. Histologic evaluation
is necessary to distinguish the various types of odontogenic
and mesenchymal tumors that occur in the jaws of farm
animals. Odontogenic tumors consist of varying elements of
odontogenic epithelium with or without induction of dental
or mesenchymal tissue. Biopsy diagnosis of osteoma often
relies on the clinical and radiographic description of the
lesion, as it is not possible to distinguish the histologic fea-
tures of small samples of osteoma from those of normal bone.
Myxomatous tumors are characterized by proliferation of
spindle to dendritic cells in a loose myxoid stroma.

Fibroma, osteoma, and odontogenic tumors of the jaw are
noninvasive and can be cured by wide surgical excision. For
tumors located rostrally, mandibulectomy or maxillectomy
may be advised, especially if there is extensive bony involve-
ment. Myxomatous tumors of the jaw, however, are typically
locally invasive and difficult or impossible to completely
excise. Recurrence is common, although metastasis has not
been reported. The primary mandibular hemangiosarcoma
in the bull exhibited pulmonary, subcutaneous, and muscu-
lar metastasis.

TUMORS OF THE GASTROINTESTINAL
SYSTEM

Tumors of the esophagus, stomachs, and intestines are found
relatively frequently in farm animals, particularly cattle.
Various benign and malignant tumors can occur. In areas
where pastures contain abundant bracken fern, such as
Brazil, the gastrointestinal system is the most common site
of neoplasia in cattle. Bovine papillomavirus is also an initiat-
ing factor contributing to a high incidence of bovine gastro-
intestinal neoplasia. Intestinal adenocarcinoma is common
in aged sheep, and ovine intestinal adenocarcinoma has been
suggested to be an animal model of colonic cancer in people.
Gastrointestinal neoplasia is less common in goats and pigs.
Tumors of associated exocrine glands (pancreatic and sali-
vary) also occur but are rare.

Esophagus

Esophageal tumors are uncommon and occur mostly in
cattle. Esophageal papilloma in cattle may be associated with
bovine papillomavirus and with bracken fern ingestion
(Figure 8-15). In areas with high bracken fern exposure (see
Forestomach) esophageal squamous cell carcinoma as well as
papillomas are common. Gross and histopathologic features
of esophageal papilloma and squamous cell carcinoma are
similar to those in the forestomachs (see Forestomach).
Esophageal tumors can result in clinical signs of bloat, exces-
sive salivation, or esophageal obstruction or can be incidental
findings.

Forestomach

Tumors of the omasum, reticulum, and rumen occur most
often in cattle but are uncommon in most parts of the world.
Papilloma, fibropapilloma, and fibroma are the most common
tumors in the forestomach of cattle. Papillomavirus has
been detected by immunohistochemical studies in some,
but not all, cases of bovine forestomach papillomas. These
tumors are less common in sheep, and only one report of



Figure 8-15 Esophageal papilloma in a cow. (Courtesy of Dr.
Barry Cooper.)

forestomach neoplasia—rumen papilloma—was found in
goats. Papillomas can occur at any age. Squamous cell carci-
noma occurs in older cattle and sheep and often results from
malignant transformation of a papilloma. In cattle in Kenya
and northern England, the interaction between bovine papil-
lomavirus infection and the mutagens present in bracken
fern is suspected to be the cause of a high incidence of fore-
stomach papillomas and of malignant transformation of pap-
illoma to squamous cell carcinoma. Bracken fern ingestion is
also suspected to explain a high incidence of rumen squa-
mous cell carcinoma in cattle in Brazil. Lymphoma can
involve the rumen and reticulum of older cattle as part of a
more generalized neoplastic process associated with BLV
infection. Fibrosarcoma of the rumen has been seen in an
adult sheep.

Forestomach papilloma, fibropapilloma, and fibroma in
cattle most often occur in the rumen near the ruminoreticu-
lar groove, causing recurrent bloat. Squamous cell carcinoma
also occurs at these sites. In sheep, squamous cell carcinoma
can also be found in the reticulum and omasum. Abdominal
pain, bloat, and excessive salivation often accompany fore-
stomach squamous cell carcinoma in cattle. Clinical signs
have not been reported in sheep with forestomach neoplasia.
Forestomach lymphoma is typically associated with concur-
rent abomasal involvement, as well as other organs, and gen-
eralized ill-thrift. Involvement of the omasum by lymphoma
is less common. Leiomyoma of the omasum has been seen
as an incidental finding in a goat.

Fibroma, fibropapilloma, and papilloma of the forestom-
ach are benign, localized tumors that form exophytic,
nodular or multinodular to multilobular, smooth-surfaced,
firm, tan masses (Figure 8-16). Tumors may be sessile or
pedunculated. These tumors are readily excised via rumen-
otomy, but they can be multiple, especially in areas with a
high incidence. Histopathologic evaluation is necessary to
differentiate those tumors that have epithelial proliferation
(papilloma), both epithelial and fibroblastic proliferation
(fibropapilloma), or only fibroblastic elements (fibroma).
Histopathologic evaluation is also needed to identify evi-
dence of malignancy in the rare cases of forestomach fibro-
sarcoma. The fibrosarcoma seen in the rumen of a sheep had
metastasized to the liver.
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Figure 8-16 Papillomas in the rumen of a sheep. (Courtesy
of Dr. Christiane Lhr))

Squamous cell carcinoma is an invasive and destructive
tumor. Mucosal ulceration caused by squamous cell carci-
noma is common. Histopathologic evaluation reveals nests
of invasive squamous epithelial cells in dense collagenous
stroma. Neoplastic squamous cells may be seen on cytologic
preparations, but the degree of sclerosis often results in poor
exfoliation of epithelial cells. Surgical excision of early and
localized forestomach squamous cell carcinoma might be
possible, but in most cases the extent of tumor at the time
of diagnosis precludes surgical intervention.

Lymphoma most often results in locally extensive firm
and nonulcerated thickening of the forestomach wall by pale
tan solid tissue. Rarely, forestomach lymphoma may involve
only the serosa. Sheets of relatively homogeneous lympho-
cytes are seen on cytologic and histopathologic preparations,
and transmural involvement with obliteration of normal
architecture is characteristic.

Abomasum/Stomach
Abomasal tumors occur in older cattle, usually those over 5
years of age. The vast majority are lymphomas associated
with BLV infection. Abomasal lymphoma also occurs spo-
radically in goats. Adenocarcinomas occur in cattle but are
uncommon. Abomasal mast cell tumors occur rarely in
cattle. A very unusual germ cell tumor—yolk sac tumor—
was reported in the abomasum of a 2-month-old calf. Gastric
lymphoma and squamous cell carcinoma are rare tumors in
swine. A transmural gastric carcinoma was found in a pot-
bellied pig. Gastric tumors can result in clinical signs of
outflow obstruction, but often generalized ill-thrift is the
only sign. An abomasal adenocarcinoma in a cow was associ-
ated with abdominal distention from peritoneal effusion.
Lymphoma causes multifocal, locally extensive, or diffuse
thickening of the abomasal wall by pale tan-white tissue
(Figure 8-17). Borders are often difficult to discern. Aboma-
sal lymphoma can be soft to firm. Mucosal ulceration is
rare. Solid pale tan to white solid tissue is seen on section
(Figure 8-18). Sheets of relatively homogeneous lympho-
cytes are seen on cytologic and histopathologic preparations,
and this tumor is invasive and causes obliteration of tissue
architecture. Adenocarcinoma and carcinoma are very firm
tumors, often with extensive mucosal ulceration. Invasive
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Figure 8-17 Lymphoma causing pale areas of thickening
visible on the mucosal surface of the abomasum of a goat.

Figure 8-18 Transverse section demonstrating submucosal
thickening by pale tissue characteristic of abomasal lym-
phoma in a cow. (Courtesy of Dr. Barry Cooper.)

nests of neoplastic epithelial cells are embedded in dense
stroma. Mucin can be prominent in adenocarcinomas. Be-
cause of the sclerotic nature of this tumor, epithelial cells
can be difficult to identify on cytologic preparations.

Lymphoma is often an insidious disorder with gradual
onset of organ dysfunction and cachexia. In most cases of
abomasal (most commonly at the pylorus) lymphoma, tumor
is also found at other sites. In cattle involvement of the right
heart, retrobulbar, peripheral lymph nodes, and uterus as
well as abomasum is common. Adenocarcinoma can be local-
ized or can exhibit marked invasion. Adenocarcinoma can
undergo widespread metastasis through lymphatics to the
abdominal and thoracic cavities. Spread to peritoneum and
pleura results in carcinomatosis. The pot-bellied pig with
gastric carcinoma was alive and well 2 years after surgical
excision, despite evidence of vascular invasion by tumor cells
in histopathologic sections.

Figure 8-19 Multifocal lymphoma of the wall of the small
intestine in a cow.

Intestine

Small intestinal adenocarcinoma is diagnosed with some fre-
quency in sheep, usually affecting those 4 years of age or
older. In a New Zealand study, approximately 7% of old
sheep with poor body condition had intestinal adenocarci-
noma. Primary intestinal tumors are uncommon in other
farm animal species. Intestinal adenocarcinoma occurs spo-
radically in older cattle, goats, and pigs, including pot-bellied
pigs. Three intestinal adenocarcinomas have been reported
in goats, two at the ileocecal junction. Carcinoma of the
spiral colon have been reported in three different pot-bellied
pigs. Papillomas occasionally occur in the small intestine of
cattle. Lymphoma can involve the intestine of older cattle as
part of a more generalized neoplastic process. Ileal lym-
phoma occurs in pigs and is most common in animals less
than 1 year of age. Leiomyoma and leiomyosarcoma are
sporadic intestinal tumors of cattle, goats, and pigs. Ganglio-
neuromatosis involving the colon has been seen in a steer,
and a carcinoid tumor can involve the small intestine, colon,
or rectum of cattle.

Most cases of small intestinal adenocarcinoma in sheep
are only detected at necropsy or at slaughter. In addition to
poor body condition, ascites caused by tumor metastasis is a
common clinical sign before death. Carcinoma cells may be
visible in cytologic preparations of ascites fluid. Diarrhea and
weight loss occur in cattle with carcinoid tumors. Large
tumors of any type within the intestinal tract can result in
signs of intestinal obstruction or recurrent bloat. Involve-
ment of the intestinal wall by neoplasms of any type often
results in extensive adhesions. Clinical signs have not been
reported in pigs with ileal lymphoma.

Thickening of the involved intestinal segment is charac-
teristic of neoplasia (Figure 8-19). Lymphoma and carcinoid
tumors in the intestinal wall are relatively soft, whereas
adenocarcinoma and carcinoma are typically firm. Adeno-
carcinoma and carcinoid tumors arise in the mucosa, thus
resulting in extensive mucosal involvement and often ulcer-
ation. Transmural growth to involve the serosa is common.
Adenocarcinoma often causes annular intestinal stenosis and
is characterized by invasive nests of glandular epithelium
with marked associated sclerosis. Carcinoid tumors are com-
posed of closely packed nests of round cells often with fine
cytoplasmic granules. Carcinoid tumors in cattle can be mul-
tiple and can metastasize to mesenteric lymph nodes. Leio-
myoma, leiomyosarcoma, and ganglioneuromatosis arise
within the outer intestinal wall and involve mucosa only by
extension. These tumors are firm and smooth and may
become quite large before clinical signs are apparent. Smooth



muscle tumors form nodular masses formed by interlacing
bundles of elongated smooth muscle cells. Ganglioneuroma-
tosis is a more diffuse lesion that causes locally extensive
mural thickening without a focal mass lesion. Nerve fibers
admixed with ganglion cells are characteristic histopatho-
logic features. Solitary intramural nodular masses within the
terminal ileum are typical of intestinal lymphoma in pigs.
These tumors arise within Peyer’s patches and consist of
sheets of small to large lymphocytes effacing architecture.
Metastasis of ileal lymphoma to mesenteric lymph nodes or
to serosal surfaces is common in pigs. Metastasis of intestinal
adenocarcinoma in sheep to mesenteric lymph nodes and
serosal surfaces is common. In cattle, metastasis of intestinal
adenocarcinoma is most often to mesenteric lymph nodes
and liver.

If detected at an early stage, surgical excision of intestinal
adenocarcinoma could be curative. A pot-bellied pig was
alive and well 9 months following surgical excision of a car-
cinoma involving the spiral colon. Given the high metastatic
rate of intestinal carcinoma and adenocarcinoma in most
species, however, a guarded prognosis following surgery
would be warranted. Similarly, excision of a solitary intesti-
nal carcinoid might be successful, but the potential for
metastasis would warrant a guarded prognosis. Surgical exci-
sion of intestinal leiomyoma, leiomyosarcoma, and ganglio-
neuromatosis is more likely to be successful, as these tumors
rarely metastasize. Resection of intestinal lymphoma is
unlikely to be curative, as the neoplastic process is likely to
be either multicentric or to have metastasized. Chemother-
apy may be an option in the future.

Pancreas

Pancreatic exocrine tumors are rare. All reported pancreatic
exocrine tumors have been in adult to aged cattle and were
identified at slaughter. Proliferative lesions of the exocrine
pancreas include nodular hyperplasia, adenoma, carcinoma,
neural tumors (neurofibroma and neurofibrosarcoma), and
fibrosarcoma.

Clinical signs in cattle with pancreatic carcinoma may be
inapparent, or affected cattle may present as downer cattle.
Exocrine pancreatic carcinoma is associated with peripancre-
atic and intraabdominal fat necrosis and mineralization and
with mesenteric thickening due to fibrosis. Tumors are very
firm, pale, tan, and nodular. Metastatic lesions may be more
obvious than the primary tumor. Exocrine pancreatic tumors
are often poorly differentiated, with a high mitotic index and
extensive sclerosis. Metastasis to mesenteric lymph nodes,
liver, and other abdominal organs is common.

Neurofibroma, neurofibrosarcoma, and fibrosarcoma are
not associated with clinical signs. These tumors form dis-
crete nodular masses of firm, pale, tan to white tissue. Char-
acteristic interlacing fascicles and whorls of spindle cells are
seen histopathologically. Metastasis of neural tumors or of
pancreatic fibrosarcoma has not been reported.

Salivary Gland

Salivary gland tumors in farm animals are rare. Adenoma
and carcinoma occur occasionally in cattle. Salivary gland
tumors are rare in sheep and are not reported in goats or
pigs. Tumors result in firm swelling of the affected gland.
Neoplastic proliferation of epithelial cells with a variable
amount of associated fibrous stroma is seen histopathologi-
cally. In cattle, metastasis to local lymph nodes can occur.

TUMORS OF THE RESPIRATORY TRACT

Tumors of the respiratory tract occur in the nasal passages
and sinuses, the ethmoid region, and the lung. Respiratory
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Figure 8-20 Nasal adenocarcinoma in an adult sheep. (Cour-
tesy of Dr. John Schmitz.)

Figure 8-21 Multiple fleshy inflammatory polyps arising in
the nasal mucosa in a sheep. The arrow points to one of the
larger polyps.

tumors are most common in cattle, sheep, and goats and are
much less common in pigs. A necropsy study of Brazilian
cattle found that respiratory tract tumors comprised 1% of
total neoplasms detected.

Tumors of the Nasal Passages and Sinuses

Papillomavirus can cause proliferative lesions in the nasal
skin at sites of bull rings in cattle. Apparently infective nasal
papillomas also occur in goats. Nasal adenocarcinoma occurs
most commonly in sheep and goats as an enzootic retroviral-
induced tumor. Nasal adenocarcinoma can also occur spo-
radically in cattle and pigs, including pot-bellied pigs.
Squamous cell carcinoma of the horn core in adult cattle,
sheep, and goats often presents as a cutaneous tumor, but
origin from sinus epithelium is suspected. Osteoma and
chondrosarcoma of the nasal/sinus bone occur in adult cattle,
and osteoma involving the nasal cavity has been reported in
an adult sheep. A malignant mesenchymoma occurred in the
nasal cavity of a bull. Ethmoid tumors associated with ret-
roviral infection, including epithelial, mesenchymal, and
mixed tumors, occur endemically in cattle and sheep in
various areas worldwide (Figure 8-20). These viral-associated
tumors can involve young adult animals as well as older
animals. Nasal polyps are nonneoplastic proliferative lesions
arising within nasal mucosa. Nasal polyps are most common
in sheep (Figure 8-21), likely related to mucosal irritation by
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nasal bots (Oestrus ovis), but nasal polyps can also occur in
cattle and goats.

Clinical signs of tumors and polyps within nasal passages
and sinuses include nasal discharge and respiratory stridor
and dyspnea. Tumors and polyps can involve one or both
nasal cavities. Large tumors can result in expansion of overly-
ing bone to form an externally visible lesion. Squamous cell
carcinoma of the horn core often results in loosening and/or
distortion of the horn. Tumors of the ethmoid region can
result in exophthalmos.

Histologic evaluation will distinguish the various types of
tumors. Cytologic evaluation of material collected during
nasal flushing can differentiate the atypical epithelial cells
of carcinoma from reactive cells caused by inflammatory
lesions. Papillomavirus infection at the site of a nasal ring in
bulls can mimic fibrosarcoma due to abundant mesenchymal
proliferation.

Papillomas are benign lesions that often regress spontane-
ously. Surgical excision is also curative. Osteoma of the
nasal/sinus bone is a benign lesion, but surgical excision is
not often possible. Carcinomas, sarcomas, and mixed tumors
of the nasal passage, sinus, and ethmoid region are locally
invasive malignant tumors. Curiously, metastasis to lymph
nodes and lung has been reported in cattle with nasal
tumors but not in sheep or goats. Surgical excision of these
tumors may not be an option because of the extent of the
lesion and cost of surgery. But as most of these tumors are
low-grade malignancies, debulking to alleviate clinical signs
could be considered. Nasal polyps could be cured by exci-
sion, although therapy for underlying rhinitis may also be
needed.

Tumors of the Lung

Lung tumors are uncommon in farm animals. Tumors and
tumor-like lesions occur most often in the lungs of sheep and
goats due to retroviral infection. Pulmonary carcinoma and
adenocarcinoma occur sporadically in adult cattle. Pulmo-
nary tumors have not been reported in pigs. Tumors of pul-
monary epithelium are most common, although rare cases
of rhabdomyosarcoma of the lung have occurred in lambs
and calves and pulmonary myxomas occurred in adult sheep.
Multiple pulmonary papillomas have been described in the
diaphragmatic lobes of Angora goats. An outbreak of pulmo-
nary carcinoma occurred in young calves in Bulgaria.

Pulmonary adenocarcinoma (Jaagsiekte disease) is a
retroviral-associated neoplastic disorder that affects adult
sheep and occurs endemically in many parts of the world.
Pulmonary adenocarcinoma must be distinguished from
ovine progressive pneumonia (Maedi), also a retroviral-
associated disorder that results in nonneoplastic proliferative
lung lesions. Proliferative pulmonary tumor-like lesions
similar to those in ovine progressive pneumonia occur in
goats with caprine arthritis-encephalitis virus (CAEV).
Goats can also develop pulmonary carcinoma unrelated to
Jaagsiekte sheep retrovirus infection.

Most lung tumors in cattle and goats have been found
incidentally at necropsy or slaughter. Rhabdomyosarcoma in
lambs can cause severe dyspnea and death. Pulmonary ade-
nomatosis, ovine progressive pneumonia, and caprine inter-
stitial pneumonia caused by caprine arthritis-encephalitis
virus result in progressive dyspnea and cachexia. Metastasis
of pulmonary carcinomas and of ovine pulmonary adeno-
carcinoma is possible. Metastatic ovine pulmonary adeno-
carcinoma can be extrathoracic as well as intrathoracic.
Intrathoracic metastatic sites reported are chest wall, lymph
nodes, diaphragm, and heart. Reported extrathoracic meta-
static sites are, in decreasing order of frequency, liver, kidney,
skeletal muscle, gastrointestinal tract, spleen, skin, and
adrenal glands.

Tumors are fleshy to firm, depending on the degree of
associated sclerosis. Solitary, discrete adenomas and invasive
carcinomas occur. Multiple coalescing zones of pulmonary
consolidation by pale slightly firm tissue are typical of
ovine pulmonary adenocarcinoma, ovine progressive pneu-
monia, and interstitial pneumonia due to caprine arthritis-
encephalitis virus. Histologic evaluation will distinguish
benign and malignant epithelial proliferative lesions based
on cell morphology and degree of invasion. Rhabdomyosar-
coma consisting of interlacing bundles of striated muscle
cells and invasion of adjacent parenchyma is typical. Myxomas
are well demarcated, multilobular, soft, white tumors
composed of spindloid to stellate cells in a myxoid matrix.
Pulmonary adenocarcinoma in sheep is characterized by pro-
liferation of type 2 alveolar lining cells forming invasive
masses. Ovine progressive pneumonia and pulmonary lesions
in goats with caprine arthritis-encephalitis virus result in
profound interstitial thickening with type 2 alveolar cell
hyperplasia that can mimic neoplasia, but associated chronic
inflammation, most often with many lymphocytes, is a dis-
tinguishing feature.

TUMORS OF THE THORACIC CAVITY

Tumors of the thoracic cavity have been reported in farm
animals. Thymic lymphoma occurs in calves 3 months to 2
years of age as a form of sporadic bovine leukosis and also
occurs in sheep and pigs. A mediastinal plasma cell tumor
has been reported in an adult sheep. Mediastinal lymphoma
has been reported in goats, but it is not clear whether these
tumors were true lymphoma or lymphocyte-rich thymomas.
Mediastinal thymoma is a common tumor in goats, occurring
in 9% of goats with neoplasms in one study. It has been sug-
gested that Saanen goats may be predisposed to development
of thymoma, but a study of 100 goats found that thymomas
occurred in multiple breeds, none of which were Saanen.
Thymoma occurred in goats from 2 to 13 years of age.
Thymoma has also been reported in adult cattle, sheep, and
pigs. Congenital mesothelioma in calves can be confined to
the thoracic cavity or can involve both thoracic and abdomi-
nal cavities, but localization with the abdomen is most
common (see Tumors of the Abdominal Cavity). Mesothe-
lioma occurs within the thoracic cavity of adult cattle and
pigs. Rhabdomyosarcoma arising within the internal thoracic
wall causing megaesophagus and infiltrating the thoracic
spinal cord occurred in a 7-month-old heifer. An extraskel-
etal osteosarcoma has been described in the mediastinum of
an aged goat, and a malignant peripheral nerve sheath tumor
within the thoracic side of the diaphragm occurred in a
2-year-old goat.

Clinical signs are most often progressive respiratory dif-
ficulty associated with both growth of the tumor and fre-
quent associated pleural effusion. Progressive cachexia is
common. Palpable enlargement of the brisket region can
occur in cases of thymic lymphoma and intrathoracic meso-
thelioma. Enlargement of peripheral lymph nodes can
accompany thymic lymphoma. Thymoma in goats has caused
megaesophagus and was thought to be the cause of conges-
tive heart failure in two goats.

Cytologic evaluation of pleural fluid or of mass aspirates
can distinguish the atypical lymphocytic proliferation of
lymphoma from the mesothelial proliferation of mesotheli-
oma. Thymoma can be more difficult to diagnose on cyto-
logic preparations, as the thymic epithelial cells that are the
neoplastic population may be obscured by large numbers of
associated nonneoplastic small lymphocytes. Histologic eval-
uation is often necessary for definitive diagnosis of thymic
lymphoma, thymoma, and mesothelioma.



Figure 8-22 Mediastinal lymphoma in a calf. (Courtesy of Dr.
Barry Cooper.)

Figure 8-23 Large multilobular mediastinal mass typical of
thymoma in a goat. (Courtesy of Dr. Barry Cooper.)

Surgical excision of thymic lymphoma in calves (Figure
8-22) is unlikely to be curative, because involvement of other
thoracic organs is possible. Chemotherapy may be an option
in the future. Intrathoracic mesothelioma is generally wide-
spread on pleural surfaces, and surgical excision is not pos-
sible. Thymoma can get quite large but is typically still
localized to the mediastinum (Figure 8-23). Although no
reports of surgical excision of thymoma in farm animals were
found, extrapolation from results of thymoma surgery in
dogs and cats would suggest that surgical excision could be
curative.

TUMORS OF THE UDDER AND
MAMMARY GLAND

Udder skin tumors are relatively common in farm animals.
Mammary gland neoplasia, however, is uncommon. Inflam-
matory and hyperplastic lesions and benign and malignant
tumors of epithelial or mesenchymal cells are possible.

Udder

Papillomas can involve the skin of the udder and teats. Papil-
lomavirus has been shown to cause skin growths in cattle
and a viral etiology is suspected in sheep, goats, and pigs. In
cattle, papillomas occur in young animals, usually less than
2 years of age, and involvement of the teat is common. A
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Figure 8-24 Multiple papillomas on the udder of a goat.
(Courtesy of Dr. Mary Smith.)

syndrome of papillomatosis that involves teats and nonpig-
mented skin of the udder occurs in goats of any age (Figure
8-24), especially white Saanen or Saanen cross goats, and
these lesions are prone to malignant transformation to squa-
mous cell carcinoma. The growths appear to be infective, at
least to other Saanen goats, with appearance of multiple
affected animals within 4 to 6 months of introduction of an
infected animal. Exposure to sunlight may also be an etio-
logic factor. A similar syndrome occurs less commonly in
sheep. Papillomas on the teats are often secondarily infected
and can interfere with nursing or milking.

Papillomas are exophytic and often pedunculated skin
growths that are often multinodular or multilobular. Surface
ulceration can result from mechanical trauma. In cattle,
viral-induced skin growths can be composed entirely of pro-
liferative epithelium (papilloma) or can contain both epithe-
lial and fibrous proliferation (fibropapilloma). Papillomas in
goats are characterized by epithelial proliferation without a
fibrous component.

Bovine cutaneous papillomas typically undergo spontane-
ous regression. Udder papillomas in goats can undergo spon-
taneous regression without recurrence, can regress in winter
and reoccur in summer, or can be persistent. The latter
tumors are prone to malignant transformation to squamous
cell carcinoma and can result in squamous cell carcinoma of
udder skin that can be multicentric. Squamous cell carci-
noma of the skin of the udder occurs less commonly in sheep.
Squamous cell carcinoma is a spreading ulcerative lesion that
is often firm because of associated sclerosis. Invasive cords
and nests of neoplastic squamous epithelium are seen on
histopathologic evaluation. Neoplastic cells can be difficult
to obtain on cytologic preparations in cases with extensive
tumor sclerosis.

Given the high incidence of malignant transformation of
persistent udder papillomas in goats, wide surgical excision
of these growths, when possible, is the treatment of choice.
Metastasis of squamous cell carcinoma to local lymph nodes
can occur, but early and wide resection of squamous cell
carcinoma could be curative.
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Mammary Gland

Tumors of the mammary gland are uncommon in farm
animals. In cattle, fibroma and fibrosarcoma of the teat occur
in yearlings. Inflammatory polyps that mimic neoplasia occur
in the teat canal of cattle of any age. Mammary glandular
tumors occur most often in cows 3 years of age or older and
are most often adenocarcinoma or carcinoma. Malignant
epithelial tumors with extensive squamous differentiation
resulting in a diagnosis of squamous cell carcinoma can also
occur. Fibroadenoma, abenign mammary tumor, wasreported
ina7-month-old heiferand amammary fibrosarcomaoccurred
in an aged cow. Adenomas are the most common mammary
neoplasia in sheep and occur most often in adults, although
adenoma has occurred in a lamb. A low-grade mammary car-
cinoma occurred in an adult ewe. Mammary gland prolifera-
tive lesions in the goat include adenocarcinoma, cystic
hyperplasia (fibrocystic change), and fibroepithelial hyperpla-
sia. Nubian goats may be predisposed to fibroepithelial hyper-
plasia, which occurs in young goats, often less than 1 year of
age. Mammary adenocarcinoma comprised 7% of tumors in a
study of goat neoplasms and occurred in goats from 4 to 12
years of age. Mammary tumors are very rare in older sows, and
reported cases have been carcinomas. A mammary adenoma
was reported in a 10-year-old pot-bellied pig.

Teat fibroma and fibrosarcoma are smooth firm nodules
covered by intact skin that occur at the base of the teat.
Intramammary tumors and hyperplastic lesions cause firm
localized to diffuse areas of mammary gland that may or may
not result in overall enlargement of the affected gland. Mas-
titis and fistulation can occur secondary to malignant tumors.
Milk production in nonpregnant animals and mastitis can be
seen in goats with fibroepithelial hyperplasia.

Fibroma and fibrosarcoma consist of proliferating fibro-
blasts with admixed collagen and variable mitotic activity.
Fibroma and fibrosarcoma at the base of the teat are typically
localized lesions, whereas the fibrosarcoma of the mammary
gland was invasive. Adenomas are localized tumors formed
by relatively well-differentiated and orderly epithelial cells
forming glands. Fibroadenoma is a localized mass with rela-
tively well-differentiated and orderly glandular elements
admixed with collagen. Adenocarcinoma and carcinoma are
invasive tumors that can involve a large portion of the gland
and are composed of pleomorphic neoplastic epithelial cells
that form glands or sheets of cells with a variable amount of
collagenous stroma. Pleomorphic and atypical epithelial cells
can be seen on cytologic preparations, but if the tumor con-
tains areas of necrosis or secondary inflammation it can be
difficult to make a cytologic diagnosis of a malignant neo-
plasm. Cystic hyperplasia in goats, also called fibrocystic
change, consists of localized zones of dilated mammary ducts
lined by epithelial cells lacking features of neoplasia. Fibro-
epithelial hyperplasia of goats consists of proliferation of
ductal elements in a prominent loose to dense stroma and is
similar to the mammary fibroepithelial hyperplasia seen in
young female cats.

Surgical excision of teat fibromas and fibrosarcomas is
apparently curative. Surgical excision of hyperplastic lesions
and adenomas, which may necessitate removal of the entire
affected gland, is also curative. Careful evaluation of cows
with mammary neoplasia before surgery is warranted because
metastasis of adenocarcinoma and carcinoma to local lymph
nodes, internal organs, and the peritoneum is common.
Mammary carcinoma can also metastasize in goats.

TUMORS OF THE FEMALE GENITAL TRACT

Tumors of the female genital tract of farm animals are seen
quite often and are probably second only to skin tumors in

incidence in most parts of the world. Various benign and
malignant tumors occur. Although few clinical reports of
surgical excision of genital tract tumors in farm animals were
found, the behavior of many of these tumors suggests that
ovariectomy, tumor excision, or hysterectomy could be
curative.

Tumors of the Vulva

Vulvar papillomas and fibropapillomas occur in cattle as a
sexually transmitted papillomavirus disease. Squamous cell
carcinoma of the vulva occurs in older cattle, sheep, and
goats and may occur de novo or as the result of malignant
transformation of viral papilloma. Poor pigmentation of
vulvar skin and high solar exposure are predisposing factors.
Smooth muscle tumors (leiomyoma and leiomyosarcoma)
occur in the vulva of cattle. Ectopic mammary tissue in the
vulva of goats will cause swelling during lactation and can
be mistaken for neoplasia.

Papillomas and fibropapillomas are multinodular to mul-
tilobular tumors typically with a broad base of attachment
and no evidence of invasion. Large tumors can be ulcerated.
Squamous cell carcinoma is an invasive, ulcerated, spreading
lesion of the vulvar skin. Ectopic mammary tissue in goats
results in bilaterally symmetric nonulcerated vulvar swelling
that occurs at parturition. Histologic evaluation will differ-
entiate the relatively orderly epithelial proliferation, often
with an associated fibrous component, of papilloma and
fibropapilloma from the disorganized, pleomorphic, and
invasive squamous epithelium of squamous cell carcinoma.
Cytologic diagnosis of squamous cell carcinoma is possible,
although frequent secondary infection and sclerosis can
make interpretation of cytologic preparations difficult. Aspi-
ration of ectopic mammary tissue in goats reveals milk and
fat globules.

Papillomas and fibropapillomas often undergo spontane-
ous regression. Surgical excision or debulking may be desir-
able when tumors are large and/or ulcerated. Metastasis of
vulvar squamous cell carcinoma to regional lymph nodes and
lung is possible. Vulvar squamous cell carcinoma is also often
a multicentric tumor, thus making wide surgical excision of
this tumor difficult. The swelling of ectopic mammary tissue
regresses spontaneously following lactation.

Tumors of the Vagina and Cervix

Smooth muscle tumors are the most common tumors of the
vagina and cervix of farm animals and occur in adult cattle,
goats and pigs, including pot-bellied pigs. These tumors are
rare in sheep. In goats, smooth muscle tumors may be mul-
tiple, especially in aged goats (greater than 10 years of age).
Saanen goats may be predisposed to development of multiple
genital smooth muscle tumors. Papilloma, fibropapilloma,
and lymphoma can also involve the vagina and cervix, espe-
cially in cattle. Fibroma also occurs in the vagina of sheep
and pigs. Squamous cell carcinoma of the vagina and cervix
occurred in an adult ewe. A diagnosis of leiomyofibromatosis
and a diagnosis of adenomatous hyperplasia were made in
the cervices of two goats.

Smooth muscle tumors and fibromas most often occur as
nonulcerated nodular masses within the wall of the vagina
(Figure 8-25) or cervix (Figure 8-26). Leiomyosarcoma, and
large tumors of any type, can become ulcerated and cause
bleeding that can be fatal. Goats with multiple smooth
muscle tumors often present with vulvar bleeding, recurrent
pseudopregnancy, and spontaneous expulsion of uterine
fluid (cloud burst). Straining, anorexia, depression, and
weight loss can also be seen. Histologic evaluation is neces-
sary to distinguish tumor types and to distinguish benign
from malignant smooth muscle tumors. Genital papillomas
and fibropapillomas have histologic features identical to



Figure 8-25 Multiple (2) vaginal leiomyomas in a cow.
(Courtesy of Cornell University.)

Figure 8-26 Cervical leiomyoma extending into the vagina
of a goat. (Courtesy of Dr. Christiane Léhr.)

those at other sites. Smooth muscle tumors consist of
interlacing bundles of elongated cells. Leiomyoma consists
of well-differentiated and noninvasive cells that resemble
normal smooth muscle. Mitoses are not usually seen. Leio-
myosarcoma is characterized by mildly to markedly pleo-
morphic spindle cells with variable mitotic activity and
evidence of local invasion.

Surgical excision of papillomas, fibropapillomas, and fi-
bromasis possible and can be curative, although viral-induced
lesions may recur. Isolated leiomyoma or leiomyosarcoma can
also be surgically excised, although recurrence of leiomyo-
sarcoma caused by local invasion is common. Peritoneal me-
tastasis of leiomyosarcoma is also possible. A 4.5-kg cervical
leiomyoma was successfully excised from a pregnant cow
during parturition. Surgical removal is more challenging in
goats with multiple genital smooth muscle tumors. Interest-
ingly, this syndrome in goats is associated with ovarian cysts
and is likely to be hormonally related. In one case, removal
of the ovaries resulted in resolution of the vaginal tumors,
and ovariectomy should be considered in goats with multiple
genital smooth muscle tumors.

Tumors of the Uterus

Primary uterine tumors in farm animals include smooth
muscle tumors (leiomyoma and leiomyosarcoma), epithelial
tumors (adenoma and adenocarcinoma), and mixed tumors
(carcinosarcoma). Uterine fibroma and hemangioma are
uncommon tumors of cows. Uterine neoplasms are particu-
larly common in pot-bellied pigs and miniature pet pigs, and
multiple uterine tumor types can occur in the same pig. The
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Figure 8-27 Localized thickening of the uterus of an adult
cow by pale tissue typical of lymphoma.

uterus is also a common site of infiltration in cattle with
multicentric lymphoma caused by BLV infection. Uterine
smooth muscle tumors are most commonly reported in
cattle but also occur in sheep, goats, and pigs. Multiple leio-
myosarcomas were found in the uterus of a sheep, and
uterine leiomyoma was reported in two adult goats. Four
cases of uterine smooth muscle tumors, leiomyoma and leio-
myosarcoma, were found in a study of tumors in 21 pot-
bellied pigs and occurred in pigs from 6 to 14 years of age.
Endometrial adenocarcinoma is most common in the cow
and not uncommon in pigs, especially pot-bellied pigs and
miniature pet pigs. Endometrial adenocarcinoma is rare in
sheep and goats. Benign epithelial tumors of the uterus
(adenomas) are rare in all species but have been reported in
pigs, especially miniature pet pigs. Endometrial carcinosar-
coma has been reported in an aged pig.

Clinical signs in animals with uterine tumors may be
inapparent, even when tumors have achieved an extremely
large size. Uterine masses are palpable during rectal exami-
nation of cattle. In other species, tumors may not be detected
until systemic signs of anorexia and cachexia are apparent.
Large uterine tumors in pigs can result in abdominal
distention.

Leiomyoma is a smooth-surfaced, discrete mass within
the uterine wall that closely resembles normal smooth
muscle in appearance. Leiomyosarcoma is invasive and often
contains areas of necrosis and hemorrhage. Uterine adeno-
carcinoma in cattle occurs most often in the horns and less
commonly in the body of the uterus. Uterine adenocarci-
noma arises within the uterine wall and does not generally
extend to the mucosal or serosal surface. Diffuse thickening
of the uterine wall as a result of adenocarcinoma can mimic
pregnancy. Adenocarcinoma is sclerotic and can cause
annular constriction of the uterus. Lymphoma causes diffuse
thickening of the uterine wall by characteristic soft to slightly
firm tan tissue with minimal to no sclerosis and no evidence
of constriction (Figure 8-27).

Cytologic evaluation can help to distinguish smooth
muscle and other mesenchymal tumors from epithelial and
lymphoid neoplasia. Histopathologic evaluation is necessary
to distinguish benign and malignant smooth muscle tumors;
cellular pleomorphism, mitotic activity, and evidence of
invasion indicate malignancy. Adenocarcinoma forms nests
and glands composed of pleomorphic neoplastic epithelial
cells. Carcinosarcoma is characterized by neoplastic prolif-
eration of both epithelial and mesenchymal elements. Lym-
phoma is characterized by invasive sheets of neoplastic
lymphocytes that obliterate normal architecture.
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Leiomyoma is a benign neoplasm that could be cured by
hysterectomy. Leiomyosarcoma in early stages might also be
cured by surgical excision; however, widespread metastases
within the abdominal cavity are possible. Uterine adenocar-
cinoma typically metastasizes to lungs as well as abdominal
organs, and surgical excision is not likely to be curative. In
one study over half of bovine uterine adenocarcinomas diag-
nosed at necropsy had metastasized. Endometrial adenocar-
cinoma with metastasis also occurred in a 16-year-old
pot-bellied pig and in a 10-year-old miniature pig. Similarly,
metastasis of carcinosarcoma to thoracic and abdominal
viscera is likely. Cows with uterine lymphoma will also have
lymphoid neoplasia within other organs.

Tumors of the Accessory Sex Glands

Tumors of accessory sex glands are very rare in all animals.
An adenocarcinoma of the major vestibular gland (Bartho-
lin’s gland) has been reported in a 9-year-old Japanese Brown
cow. Clinical signs were of persistent vulvovaginitis and
hemorrhage. A large solitary invasive mass was found in the
vestibule near the urethral opening. Histologic evaluation
after slaughter revealed invasive, pleomorphic neoplastic epi-
thelial cells that formed irregular tubules and glands with
marked associated fibrous stroma and inflammation. Metas-
tasis was not found; therefore treatment by surgical excision
of this type of tumor may be possible.

Tumors of the Ovary

Ovarian neoplasms are unusual in farm animals. Granulosa
cell/stromal tumors are most common in cattle and have
been reported in fetuses, neonates, and heifers as well
as adults. Granulosa cell/stromal tumors occur rarely in
pigs and sheep. Other ovarian tumors typically occur only
in older animals. Adenoma, adenocarcinoma, and dysgermi-
noma occur rarely in cattle and pigs. Vasoproliferative
lesions, classified as hamartoma, hemangioma, or hemangio-
sarcoma, occur most commonly in sows and less frequently
in cows. Ovarian teratoma is a rare neoplasm of cattle and
sheep. Ovarian infiltration by lymphoma in cows with BLV
infection can also occur. No reports of ovarian neoplasia in
goats were found.

Granulosa cell/stromal tumors of cattle can result in signs
of nymphomania. Clinical signs of masculine behavior are less
common. Lactation can occur in virgin heifers with ovarian
granulosa cell/stromal tumor. Rupture of ovarian granuloma
cell tumor can cause hemoperitoneum. Ovarian tumors of all
types in cattle typically result in palpable enlargement of the
affected ovary on rectal examination. Ovarian tumors in
sheep and pigs have most often been described in surveys of
animals examined at slaughter, and no clinical information is
available. It is possible that affected animals were culled
because of poor reproductive performance.

Gross examination reveals enlargement of one or both
ovaries. Bilateral involvement is common in sows with vaso-
proliferative lesions. Adenoma, adenocarcinoma, and dysger-
minoma often present as solid tissue tumors. Granulosa/
stromal tumors often have multiple cystic spaces, which can
be hemorrhagic, admixed with solid tissue (Figure 8-28).
Teratomas contain multiple tissue types—including hair,
bone, cartilage, and teeth—and a vascular nature is exhibited
by the various vasoproliferative lesions. Histologic examina-
tion will distinguish the glandular pattern of adenoma and
adenocarcinoma, the sheets of germ cells typical of dysger-
minoma, the nests of plump granulosa cells often admixed
with stromal cells typical of granulosa/stromal cell tumors,
the multiplicity of tissue types in teratoma, and the vascular
channels typical of vasoproliferative lesions.

Metastasis of ovarian neoplasia in farm animals is rare.
Surgical excision of the affected ovary should be curative in

Figure 8-28 Granulosa cell/stromal tumor of the ovary of a
cow. (Courtesy of Dr. Barry Cooper.)

most cases. Excision of unilateral ovarian granulosa/stromal
tumors in two dairy heifers did not interfere with subsequent
pregnancy or milk yields.

TUMORS OF THE MALE GENITAL TRACT

Tumors involving the male genital tract occur in all farm
animal species. Penile and preputial papillomas and fibro-
papillomas are most common and occur most often in cattle.
Various testicular tumors occur but are uncommon, likely
related to the fact that so many male farm animals are cas-
trated. Sperm granulomas, especially in polled cattle and
goats, can mimic testicular neoplasia (Figure 8-29). A local-
ized swelling within the testis or epididymis of cattle, sheep,
or goats is more likely to be a sperm granuloma than a tes-
ticular tumor.

Tumors of the Penis, Prepuce, and Scrotum
Papilloma and fibropapilloma as the result of papillomavirus
involving the penis and/or prepuce are common in bulls up
to 4 years of age and have also been seen in mature boars. A
bovine tubular adenoma involving the prepuce has been
reported. Mesothelioma is relatively common in the scrotum
of adult bulls.

Papillomas and fibropapillomas of the penis can cause
bleeding associated with breeding, and because of pain
affected bulls are often reluctant to breed. Large tumors can
interfere with retraction of the penis. Tumors in the area of
the urethral opening will cause dysuria. Tumors are single
or multiple and most often appear as multinodular to mul-
tilobular masses with a broad base of attachment. These
tumors in cattle can also be cylindrical and surround the
penis (Figure 8-30). Fibrous proliferation is typical of genital
tumors in cattle, whereas epithelial proliferation is charac-
teristic of genital tumors in boars. Tubular adenoma occurs
as a circumscribed tumor composed of well-differentiated
glands. Mesothelioma presents as diffuse scrotal swelling
with multiple soft granulomatous-appearing growths in
the vaginal tunics. Scrotal mesothelioma in bulls can be



Figure 8-29 Multinodular yellow-tan epididymal mass char-
acteristic of sperm granuloma in a goat. (Courtesy of Dr.
Barry Cooper.)

Figure 8-30 Fibropapilloma forming a cylindrical mass on
the penis of a bull. This sample has been fixed in formalin.
(Courtesy of Cornell University.)

unilateral or bilateral. Variable cell patterns are seen on
histopathologic evaluation, and differentiating reactive from
neoplastic mesothelium in cytologic and histopathologic
preparations can be difficult.

Viral papillomas and fibropapillomas regress spontane-
ously. Surgical removal or debulking of larger tumors can be
achieved, although tumors may recur in young bulls. Surgi-
cal excision of genital fibropapilloma in older bulls is often
curative. Surgical excision of the testis and associated tunics
of bulls with unilateral mesothelioma can be curative. Inter-
nal metastasis of mesothelioma to the abdominal and/or
thoracic cavities is, however, also possible, and the prognosis
for bulls with bilateral scrotal mesothelioma is poor. Surgical
excision of adenoma would be curative.

Tumors of the Testis

Various testicular tumors occur in older farm animals,
although the incidence is low. Sertoli cell tumor, interstitial
cell tumor, and germ cell tumors—teratoma and yolk sac
tumor—occur in bulls. Shorthorn cattle may be predisposed
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to development of Sertoli cell tumors. Sertoli cell tumors
can be a congenital lesion in calves, usually within descended
testes. A Sertoli cell tumor was found in a descended testis
of an 11.5-year-old bull that had been fertile until 11 years
of age. Testicular yolk sac tumors are rare congenital tumors
in calves. An interstitial cell tumor was found within a
retained testis in a calf and a fibrolipoma was reported in a
retained testis in a 6-month-old bull. Seminoma, rete testis
tumors, and leiomyoma of the testis occur in rams. Bilateral
lymphangiomatous lesions occurred in testes from a young
lamb and were thought to represent hamartomas, benign
neoplasia, or reaction to lymphatic obstruction. No follow-up
was available following castration of this lamb, but castration
would likely have been curative. Teratomas and interstitial
cell tumors are rare in boars; two interstitial cell tumors were
found in a study of 21 pot-bellied pigs with neoplasms and
occurred in boars 7 and 14 years of age. Testicular tumors
are rare in buck goats. A testicular rhabdomyosarcoma
occurred in a goat, and bilateral interstitial cell tumors were
found within retained testicle-like tissue in a polled intersex
syndrome goat (phenotypic female).

Testicular tumors cause palpable nodules or overall
enlargement of the affected testis. Large tumors or Sertoli
cell tumors with estrogen production can be associated with
poor sperm production as a result of atrophy of testicular
cords. Testicular tumors vary in gross appearance. Solid pale
tan tumor tissue is typical of Sertoli cell, seminoma, and rete
testis tumors. Sertoli and rete testis tumors are often associ-
ated with fibrous stroma, whereas seminoma is commonly
soft and meaty. Interstitial cell tumors are typically a soft,
pink to red tumor that often contains areas of hemorrhage.
Leiomyoma is most often pale tan to pink and slightly firm.
Teratomas vary in appearance depending on the tissue types
present. Hair, teeth, bone, and cartilage can be found in
well-differentiated testicular teratomas. Histologic evalua-
tion will differentiate the sheets of germ cells characteristic
of seminoma, the sheets and nests of plump eosinophilic cells
typical of interstitial cell tumors, the cords of often vacuo-
lated columnar cells in fibrous stroma seen in Sertoli cell
tumors, the embryonal cells forming various histologic pat-
terns characteristic of yolk sac tumors, the glandular pattern
of rete testis tumors, the admixture of adipocytes and fibrous
tissue typical of fibrolipoma, and the mixture of differ-
entiated epithelial and mesenchymal tissue indicative of
teratomas.

The majority of testicular tumors in farm animals are
benign and cured by surgical removal of the affected testis.
Seminoma can be invasive into testicular tunics, epididymis,
and spermatic cords in sheep, although no reports of metas-
tasis were found.

TUMORS OF THE KIDNEY AND
URINARY BLADDER

Tumors involving the kidney or urinary bladder occur most
often in pigs, cattle, and sheep. A necropsy study of tumors
in Brazilian cattle found that 22% of tumors involved the
urinary system and most were in the urinary bladder. Renal
cell tumors (adenomas and adenocarcinomas) and lympho-
mas involving the kidney occur most often in cattle and are
much less common in sheep and pigs. Nephroblastoma
occurs most often in pigs, less commonly in cattle, and rarely
in sheep. Urinary bladder tumors—including papillomas,
adenomas, and vascular tumors—are more common than
renal tumors and occur most often in cattle and sheep, espe-
cially those grazing on bracken fern, such as in Brazil. Tumors
that involve the kidneys or urinary bladder are rare in goats.
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Kidney

Renal cell tumors are found most often in adult to aged cattle
and are described most often in females. Tumors can be
single to multiple and can involve one or both kidneys. Lym-
phoma in cattle can involve one or both kidneys. Nephro-
blastoma (embryonal nephroma) occurs most often in pigs,
including pot-bellied pigs, and is the most common neo-
plasm encountered in domestic pigs. Nephroblastoma is less
common in cattle and is rare in sheep. Nephroblastoma is a
tumor of young animals seen most often in animals up to 1
to 2 years of age, and it can be seen in fetal animals. Occa-
sionally nephroblastoma is found in older animals. Nephro-
blastoma in children, also known as Wilms' tumor, is
associated with mutation of the Wilms’' tumor gene, but it
is not known if a similar mutation occurs in animals. Renal
tumors have not been described in goats.

Renal epithelial tumors in cattle have been found at nec-
ropsy, and antemortem clinical signs have not been described.
Clinical signs in animals with renal lymphoma are variable
and include cachexia and peripheral lymphadenopathy. The
signs may or may not indicate renal dysfunction. Enlarge-
ment of one or both kidneys palpable on rectal examination
is typical of renal lymphoma. Nephroblastoma rarely results
in clinical signs of renal dysfunction, although abdominal
distention caused by large tumors is possible. Nephroblas-
toma with pulmonary metastasis in a 2-year-old sheep
caused abdominal distention, emaciation, and death.

Renal cell adenomas and adenocarcinomas are firm, irreg-
ular, yellow-orange, tan, or brown well-circumscribed corti-
cal tumors that often protrude on the capsular surface and
can also extend into the renal pelvis. Histologic features are
similar for adenomas and adenocarcinomas, and size is not a
good criterion for malignancy as even small (less than 2-3 cm
in diameter) tumors have exhibited metastatic behavior. A
variety of patterns from solid to papillary is seen, and a
variant composed of renal cells with prominent clear cyto-
plasm (clear cells) occurs in cattle. Lymphoma results in
locally extensive to diffuse enlargement and thickening of
the affected kidney by pale tan tissue. Histologic and cyto-
logic preparations reveal sheets of neoplastic lymphocytes
with marked infiltration and architectural effacement in
tissue sections. Nephroblastoma is a firm, nodular, often
multilobular tumor that typically arises in the cortex of one
pole of the kidney. Nephroblastoma can be quite large and
can cause massive enlargement of the affected kidney (Figure
8-31). The tumor tissue is firm and pale and often contains
cystic and necrotic zones. Foci of bone and cartilage are also
possible. Nephroblastoma has a unique histologic pattern of
admixed embryonal epithelial and mesenchymal elements.

Renal cell tumors can be multicentric within the kidneys,
but extrarenal metastasis is uncommon. When present,
metastasis of renal cell tumors is most often to peritoneum
and abdominal lymph nodes, although metastasis to the
lung, liver, and the other kidney is possible. If metastasis is
not evident, surgery to remove the affected kidney might be
curative, but the prognosis should still be guarded. Lym-
phoma involving the kidney occurs in cattle in association
with multicentric lymphoid neoplasia caused by BLV infec-
tion, and surgical intervention would not alter the progres-
sive course of this disease. Nephroblastoma can achieve an
extremely large size but metastasis is rare. Therefore surgical
excision of the affected kidney would likely be curative.

Urinary Bladder

Tumors of the urinary bladder are most common in cattle,
in large part due to induction of an array of epithelial and
mesenchymal tumors by bovine papillomavirus infection of
urinary bladder tissue and by ingestion of bracken fern.
Tumors of the urinary bladder are also common in sheep and

Figure 8-31 Massive enlargement of the kidney in a young
pig with nephroblastoma. (Courtesy of Cornell University.)

Figure 8-32 Multiple hemorrhagic tumors of the urinary
bladder mucosa in a cow with enzootic hematuria. (Courtesy
of Cornell University.)

are also often associated with bracken fern ingestion. Enzo-
otic hematuria is a syndrome in cattle and sheep that have
access to brackern fern in which multiple animals are affected
with a variety of urinary bladder tumors. In cattle, bovine
papillomavirus and bracken fern can act synergistically to
cause tumors of the urinary bladder. Types of tumors that
occur in the urinary bladder include transitional cell papil-
lomas, transitional cell adenomas, other carcinomas, vascular
tumors (hemangioma and hemangiosarcoma), smooth mus-
cle tumors (most often leiomyoma), and glomus tumors
(tumors containing smooth muscle and vascular elements).
Urinary bladder tumors in goats are uncommon and usually
benign. Leiomyoma of the urinary bladder can be multiple
in goats. Urinary bladder tumors are rare in pigs. The most
common clinical sign of tumors within the urinary bladder
in all species is hematuria. Weight loss and nonregenerative
anemia are also possible.

Tumors appear as single to multiple polypoid masses
within the mucosa of the bladder (Figure 8-32). Multiple
tumors are most often associated with bovine papillomavirus
infection and/or bracken fern exposure. Papillomas and ade-
nomas form noninvasive solitary masses that are typically



exophytic or papillary, whereas carcinomas are invasive.
A hemorrhagic appearance is typical of vascular tumors
(hemangioma and hemangiosarcoma) and of glomus tumor.
Histologic evaluation will differentiate epithelial, smooth
muscle, and endothelial tumors, and the degree of cellular
pleomorphism, mitotic activity, and tumor invasion will dif-
ferentiate benign from malignant tumors. Cytologic evalua-
tion of urine sediment can help to differentiate reactive from
neoplastic processes within the urinary bladder, but differ-
entiating reactive transitional cells from neoplastic transi-
tional cells can be difficult. Moreover, neoplastic endothelial
cells and smooth muscle cells are rarely seen in urine.

Metastasis of urinary bladder tumors in farm animals is
rare. Surgical excision of benign tumors should be curative.
Most malignant tumors are in an advanced stage at the time
of clinical diagnosis, thus making complete surgical excision
difficult or impossible. Tumors caused by papillomavirus
infection and/or bracken fern exposure are generally multi-
ple, and surgical excision is not an option. As most urinary
bladder tumors in goats are benign, if a tumor is detected
surgical excision should be considered, because it could be
curative.

TUMORS OF THE LIVER AND
GALLBLADDER

Hepatocellular, biliary, and gallbladder epithelial tumors are
found in many farm animal species, and carcinoma is more
common than adenoma. Tumors of the liver and gallbladder
occur most commonly in cattle, sheep, and pot-bellied pigs
and are uncommon in domestic pigs. Tumors of the liver and
gallbladder are rare in goats; only two reports of hepatocel-
lular carcinoma in a goat were found. Biliary and gallbladder
tumors are most often found in older animals, whereas hepa-
tocellular carcinoma can also occur in cattle less than 3 years
of age, in sheep less than 1 year of age, and in domestic pigs
less than 6 months of age. Both biliary carcinoma and hepa-
tocellular carcinoma occur in aged pot-bellied pigs, and nine
reported cases—six hepatocellular carcinomas and three
gallbladder carcinomas—occurred in pigs 11 to 18 years of
age. Hepatocellular carcinoma has been associated with car-
cinogens such as aflatoxin and nitrosamines, especially in
pigs. In cattle, sheep, and goats, an association between liver
fluke infestation and biliary carcinoma has been proposed
but not proven. Lymphoma can involve the liver of cattle and
goats with multicentric lymphoid neoplasia. Benign vascular
lesions that may be hamartomatous rather than neoplastic
occur in the liver of adult cattle as incidental findings. Cho-
langioma occurs in older pigs, and nodular hyperplasia occurs
in the liver of pigs of all ages. Neuroendocrine tumors of the
liver and gallbladder and leiomyoma are rare hepatic tumors
in cattle.

Few clinical signs have been reported in farm animals
with hepatic tumors, and many reports are of incidental le-
sions detected at necropsy or slaughter. Anorexia, progres-
sive weight loss, and abdominal effusion are possible. Tumors
of the gallbladder and biliary tree can result in icterus and
photodermatitis. Increased serum levels of liver enzymes
(glutamate dehydrogenase, sorbitol dehydrogenase, and gam-
ma glutamyltransferase) were consistent findings in a study
of four cows with liver tumors, and an increase in bilirubin
was found in three of four affected cattle. Ultrasonography
proved useful in distinguishing hepatic neoplasia from
other forms of hepatic disease in these cows, revealing mass
lesions or diffuse enlargement with a very heterogeneous
appearance.

Hepatocellular and biliary adenomas are generally small
and discrete, whereas carcinomas are often quite large at the
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Figure 8-33 Pale zones with linear growth along biliary
tracts characteristic of biliary carcinoma in the liver of a
sheep.

time of diagnosis and can involve entire liver lobes. Hepato-
cellular carcinomas are composed of tissue that closely
resembles normal hepatic parenchyma. Most hepatocellular
tumors are confined to one liver lobe, although metastasis
within the liver is possible. Biliary tumors are often pale and
firm because of the presence of connective tissue stroma
and may be seen to follow the tracts of the biliary tree
(Figure 8-33). Biliary carcinoma commonly involves multi-
ple liver lobes, most likely because of intrahepatic metastasis.
Lymphoma can be a diffuse or a multifocal tumor composed
of pale tan, soft to slightly firm tissue. Vascular hamartomas
in cattle can be single or multiple and are pale to red firm
lesions that can be either depressed or pedunculated.
Thrombi can be present within dilated vascular spaces. Neu-
roendocrine tumors are typically discrete, pale, and soft to
slightly firm. Leiomyomas form a smooth firm to fibrous tan
nodular mass.

Examination of histologic and cytologic preparations aids
in the differentiation of hepatocellular from biliary tumors
and of benign from malignant lesions and will identify neo-
plastic lymphocytes in cases of lymphoma, bland endocrine-
type cells characteristic of neuroendocrine neoplasia, and
spindle cells in cases of leiomyoma. Hepatocellular tumors
closely mimic normal hepatic parenchyma but lack portal
zones and bile ducts, which differentiates them from hyper-
plastic nodules. Well-differentiated hepatocellular carci-
noma can be difficult to distinguish from hepatocellular
adenoma, although carcinoma is generally a larger and more
extensive tumor than adenoma. Biliary adenomas are com-
posed of well-differentiated biliary epithelium lining dilated
spaces, whereas biliary carcinomas contain pleomorphic epi-
thelial cells forming irregular ducts that are most often
admixed in a dense fibrous stroma. Lymphoma is character-
ized by sheets of neoplastic lymphocytes effacing architec-
ture. Vascular hamartomas consist of stromal and vascular
proliferation, often with prominent thick-walled arterioles.
Neuroendocrine tumors have nests of characteristic round
cells in fine reticular stroma. Silver stains (argentaffin and
argyrophil stains) can reveal cytoplasmic neurosecretory
granules. Leiomyoma is composed of interlacing bundles of
spindle cells with abundant eosinophilic cytoplasm.

Metastasis of biliary carcinoma is more common than is
metastasis of hepatocellular carcinoma. Intrahepatic metas-
tasis of biliary carcinoma often precedes spread to abdominal
lymph nodes and lung. Hepatocellular carcinoma may be
more likely to metastasize in pot-bellied pigs; three of six
reported cases had metastasized. Lymphoma of the liver of
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cattle and goats will be part of a generalized neoplastic
process. Surgical excision of biliary adenomas, hyperplastic
nodules, vascular hamartomas, and leiomyoma would be
curative, although surgery would rarely be practical. The
behavior of neuroendocrine tumors is often unpredictable,
but some can be cured by excision.

TUMORS OF THE SPLEEN

Tumors of the spleen are rare in farm animals. Mast cell
tumors in cattle and lymphoma in cattle and goats are most
common. The spleen is often involved in calves with lym-
phoma. Splenic tumors can cause diffuse organ enlargement
or form multifocal nodules throughout the splenic paren-
chyma. Cytologic and histologic examination will differenti-
ate mast cell neoplasia from lymphoid neoplasia. Mast cell
neoplasia confined to the spleen occurs in cattle, and sple-
nectomy might be curative. Splenectomy in cases of lym-
phoma is not advised.

TUMORS OF THE ABDOMINAL CAVITY

Primary tumors of abdominal tissue (omentum, peritoneum)
include mesothelioma, lymphoma, rhabdomyosarcoma, mast
cell tumor, myxosarcoma, leiomyoma, and mesenteric li-
poma. Most tumors of the abdominal cavity occur in older
cattle, although mesothelioma occurs in young and old cat-
tle, including fetuses. Nephroblastoma can be extrarenal
within the abdomen in cattle and pigs but this is rare. Em-
bryonal carcinoma, a primitive germ cell tumor, has been
reported in the abdomen of a calf. Secondary neoplasia is
most often metastatic spread of carcinoma (carcinomatosis).
Abdominal mesothelioma in bulls can occur as an extension
of scrotal mesothelioma (see Tumors of the Male Genital
Tract). Mesothelioma occurs rarely in sheep and pigs. Dis-
seminated abdominal rhabdomyosarcoma, disseminated
peritoneal mast cell tumors, and widespread abdominal li-
pomatosis occur in older cattle. Discrete focal mesenteric
lipomas occur in adult cattle, sheep, and pigs. Mesenteric
leiomyoma and omental myxosarcoma are rare tumors in the
abdomen of farm animals.

Progressive weight loss accompanied by abdominal dis-
tention is the most common clinical sign of widespread
abdominal neoplasia. Fetal mesothelioma can cause dystocia.
Intraabdominal masses are often felt upon rectal examina-
tion. Cytologic evaluation of abdominal fluid most often
reveals a modified transudate that may contain neoplastic
lymphocytes or mast cells. Neoplastic mesothelial cells can
also be seen, but the differentiation of reactive mesothelial
cells from neoplastic mesothelium is often extremely diffi-
cult. Atypical epithelial cells can be detected in abdominal
fluid from animals with carcinomatosis, and primitive germ
cells characterize embryonal carcinoma. Spread of abdomi-
nal mesothelioma to the thoracic cavity results in pleural
effusion and can cause brisket edema and respiratory dis-
tress. Focal mesenteric lipoma is most often found as an
incidental finding. Multiple mesenteric lipomas (lipomato-
sis) occur in older cattle and can result in signs of large
intestinal obstruction.

Widespread soft to firm nodular to infiltrative growths
typify mesothelioma, lymphoma, and rhabdomyosarcoma.
Mesothelioma is often a soft and granulomatous-appearing
lesion of the peritoneum that can have a multinodular to
shaggy surface (Figure 8-34). Widespread abdominal meso-
thelioma, carcinomatosis, and embryonal carcinoma can
have a similar gross appearance. Lymphoma is typically
firmer, tan to white, and infiltrative into adjacent organs.

Figure 8-34 Multinodular fleshy growth characteristic of
mesothelioma in the abdomen of a goat. (Courtesy of Dr.
Christiane Lohr.)

Lipomas are fatty masses within the mesentery or on serosal
surfaces.

Rhabdomyosarcoma, lymphoma, mast cell tumors, myxo-
sarcoma, and leiomyoma can appear similar on gross exami-
nation. Cytologic and histologic preparations will usually
distinguish the sheets of neoplastic round cells typical of
lymphoma; the granulated mast cells of mast cell tumors;
the oval to spindle-shaped cells of rhabdomyosarcoma,
myxosarcoma, and leiomyoma; poorly differentiated cells in
embryonal carcinoma; typical primitive epithelial and mes-
enchymal elements in nephroblastoma; and the clusters and
individual large round cells characteristic of mesothelioma.
Poorly differentiated tumors, however, may require stains for
mast cell granules and/or immunohistochemistry for identi-
fication of the tumor cell type. Lipomas are composed of
mature adipocytes.

Abdominal lymphoma in cattle occurs as part of a more
generalized neoplastic process associated with BLV infec-
tion. Abdominal mesothelioma and rhabdomyosarcoma me-
tastasize widely within the abdominal cavity and can also
spread to involve the thoracic cavity. A case of peritoneal
mast cell neoplasia in a cow exhibited metastasis to lungs
and lymph nodes. Isolated mesenteric lipomas are benign
lesions for which surgical excision is curative. Focal leiomy-
oma or myxosarcoma and extrarenal nephroblastoma are
tumors that might be cured by surgical excision.

TUMORS OF ENDOCRINE GLANDS

Adrenal tumors are the most common endocrine tumors
in farm animals and occur most often in cattle and goats.
Adrenal tumors can be unilateral or bilateral and can
arise within the cortex (adenoma and carcinoma) or within
the medulla (pheochromocytoma). Adrenal cortical ade-
noma, adrenal cortical carcinoma, and pheochromocytoma
are all common in bovine adrenal glands. Neural tumors
(schwannoma and ganglioneuroma) can also occur in ad-
renal glands of cattle but are rare. Adrenal cortical adenoma
and pheochromocytoma occur in goats. Other endocrine
tumors of farm animals include thyroid C-cell tumors and
pancreatic islet cell tumors. In cattle, multiple endocrine
tumors can occur in the same animal. In particular, C-cell
tumors and islet cell tumors can be seen associated with
pheochromocytoma. This concurrence of tumors in multiple



endocrine glands has been compared with the syndromes
of multiple endocrine neoplasias in humans. Thyroid tu-
mors are much less common in other farm animals, al-
though thyroid carcinoma can occur in goats. Endocrine
tumors are rarely reported in sheep or pigs.

Endocrine tumors in farm animals occur in adult to aged
animals. Most occur in both sexes, but most reports of
thyroid (C-cell tumors, also called ultimobranchial tumors)
are in aged dairy bulls. Adrenal gland tumors are most
common in cattle over 3 years of age. Pheochromocytoma
occurred in goats from 7 to 19 years of age. Adrenal cortical
tumors occur in adult goats and may be more common in
castrated male goats than in intact male goats. There are
sporadic reports of adrenal cortical tumors and of pheochro-
mocytoma in adult sheep and of adrenal cortical tumors in
adult pigs.

Thyroid tumors can result in palpable enlargement of the
thyroid gland. Thyroid tumors in aged bulls are often associ-
ated with degenerative changes in vertebrae and lameness,
although the exact relationship between the thyroid C-cell
tumors and the bony changes is not clear. Blood calcium
levels in cattle with C-cell tumors are typically normal.
Adrenal tumors in farm animals are most often incidental
findings at necropsy, although cattle with pheochromocy-
toma excrete increased levels of catecholamines in urine.
Malignant pheochromocytoma with metastasis was a likely
cause of death or euthanasia in affected goats. Pancreatic
islet cell tumors in cattle can be found as an apparently
incidental finding or are associated with recumbency (downer
cows).

Thyroid C-cell tumors form single to multiple firm, pale
tan nodular masses within one or both lobes of the thyroid.
Adenomas are smaller than carcinomas and average approxi-
mately 1 to 3 cm in diameter. Adrenal cortical adenomas are
discrete soft yellow to red nodular masses that often bulge
from the adrenal surface. Pheochromocytoma causes overall
enlargement of the adrenal gland and can become quite large
and replace large portions of the affected gland. Malignant
pheochromocytoma can invade the vena cava. Pheochromo-
cytomas are soft and dark tan to red and arise within the
adrenal medulla. Pancreatic islet cell tumors occur as single
to multiple firm, pale creamy white to yellow nodular masses
within the pancreas.

Cytologic and histologic evaluation of endocrine tumors
reveal sheets of relatively homogeneous and bland round
cells with a thin rim of clear to finely granular cytoplasm.
Nesting of tumor cells by fine reticular strands is a histo-
pathologic characteristic of endocrine tumors. Positive stain-
ing of cytoplasmic granules with argyrophilic silver stains is
characteristic of pheochromocytoma and distinguishes this
tumor from adrenal cortical tumors. Immunocytochemical
procedures to identify cellular specific proteins, including
hormones and hormone-related compounds, may be neces-
sary to classify some endocrine tumors. Mitoses and cellular
pleomorphism can be inapparent, and distinguishing benign
and malignant endocrine tumors on the basis of histologic
and cytologic cell features is often difficult. Mitotic activity
and nuclear pleomorphism can be features of malignancy,
but evidence of invasion is the best indication of malignancy
in most endocrine tumors.

Thyroid adenomas are localized tumors cured by surgical
excision of the affected thyroid gland. Thyroid carcinomas
invade adjacent tissue, often metastasize to local lymph
nodes, and can spread to the lung. Pancreatic islet cell
tumors in cattle are often malignant and exhibit multiple
metastases throughout the abdominal cavity and also to
lymph nodes within the thorax. Excision of adrenal tumors
in animals with no evidence of metastatic disease could be
curative.
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TUMORS OF BONE AND JOINT

Neoplasia of bones and joints is uncommon in farm animal
species. No tumors of bone or joint were found in a necropsy
study of 586 neoplasms in cattle or in a necropsy study of
100 goats with neoplasms. Osteoma, osteosarcoma, chon-
droma, chondrosarcoma, and synovial cell sarcoma are
primary tumors that can involve these tissues. Myeloma is a
plasma cell tumor that involves bone. Tumors that involve
the bones of the jaw are discussed in Tumors of the Oral
Cavity and Jaw. Bone tumors of nasal bones and sinuses are
discussed in Tumors of the Respiratory Tract. Lymphoma
in cattle can involve multiple bones, but clinical signs are
usually related to dysfunction of other organs.

Osteoma and osteosarcoma occur in older cattle and most
commonly involve flat bones such as the skull at the base of
the horn, the frontal bone, and the pelvis. Chondroma is a
rare tumor in farm animals. Chondrosarcoma in cattle also
occurs primarily in flat bones; most reported cases occur in
the scapula and in the costal cartilage of the costosternal
region. Chondrosarcoma in cattle can occur in animals under
1 year of age and in aged animals. Synovial sarcoma is rare
and has been reported in a small number of cattle that were
at least 3 years old. Sarcoma involving the joint in cattle may
occur at sites of chronic joint inflammation. In sheep, chon-
drosarcoma is more common than osteosarcoma. Chondro-
sarcoma in sheep most often affects flat bones such as the
rib, scapula, and pelvis, but long-bone chondrosarcoma also
occurs. Chondrosarcoma can occur in sheep as young as 2
years of age. Chondrosarcoma of the costosternal region
occurs rarely in goats, and bone and joint tumors of goats
and pigs are extremely rare. Myeloma (plasma cell tumor)
involving vertebrae have been seen in adult pot-bellied pigs.

Long-bone tumors and joint tumors result in lameness.
Tumors involving the ribs or sternum may be mistaken for
healing fractures. Tumors involving the pelvis can compress
structures in the pelvic canal and interfere with parturition
and defecation and can also cause signs of pelvic limb
lameness.

Progressive swelling of affected bones and joints is typical.
Radiographic findings of concurrent osteolysis and irregular
mineralization can help to confirm the diagnosis of bone
neoplasia, but differentiation of osteosarcoma from chondro-
sarcoma cannot be reliably achieved by radiographic evalua-
tion. Synovial sarcoma results in increased soft tissue density
within the joint and often lytic lesions within the adjacent
bones. Myeloma (plasma cell tumor) causes lytic lesions
within the bone and may involve multiple bones.

Gross examination of bone tumors most often reveals
expansion of the medullary cavity by tissue that may be soft,
firm, bony, or cartilaginous and expansion and often disrup-
tion of the overlying cortex. Myelomas (plasma cell tumors)
are soft and fleshy masses causing bone lysis. Histologic
evaluation reveals osteoblastic differentiation (osteosarco-
ma), chondrocytic differentiation (chondrosarcoma), a mix-
ture of these cell types (osteochondrosarcoma), or sheets
of pleomorphic round cells with plasmacytoid features
(myeloma/plasma cell tumor). Antemortem diagnosis of
bone neoplasia often relies on evaluation of bone biopsies.
Submission of multiple samples, including tissue from deep
in the bone, is recommended because bone tumors are often
associated with large areas of reactive bone and of necrosis.
Evaluation of cytologic preparations for atypical osteoblasts,
chondrocytes, plasma cells, or other neoplastic cell types can
also be useful. Synovial tumors are characterized by marked
and irregular proliferation of synovial tissue that may mimic
synovitis or synovial hyperplasia but that can extend through
the joint capsule into adjacent muscle following fascial
planes. Histologic features primarily include a spindle cell
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component or an admixed spindle cell and polygonal cell
population. Atypical cells indicative of neoplasia are seen in
cytologic preparations and in biopsy samples. Immunohisto-
chemistry can be a valuable procedure in the workup of
synovial tumors. Histiocytic markers can be particularly use-
ful, as many synovial tumors in animals have been found to
be of histiocytic origin.

Extensive local invasion and widespread metastasis of
osteosarcoma and chondrosarcoma in farm animal species is
often reported, which may reflect the advanced stage of the
tumor at the time of diagnosis. Extrapolation from other
species, however, would suggest that early detection and
wide surgical excision might be curative. In sheep and goats,
limb amputation could result in a viable animal and could
be considered in cases of bone or joint neoplasia where inter-
nal metastases are not apparent. Synovial cell sarcoma in
cattle is capable of metastasis to local lymph nodes and to
the lungs.
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AUXILIARY TREATMENT OF
NEOPLASIA IN FARM ANIMALS

Emily E. Barrell

As described in the preceding chapter, tumors affecting all
body systems have been documented in farm animal species.
Surgical excision to remove these neoplasms, in some cases,
may be curative. However, a large number of neoplastic
conditions cannot be managed with surgery alone, and

ancillary treatments may be considered. Although farm
animals kept as pets or in rescues or sanctuaries are the most
likely to be considered as candidates for such adjunctive
therapies, indications may also exist in certain cases of genet-
ically valuable production animals. This chapter will review
the basic principles of surgical oncology and some of the few
available case reports of nonsurgical or adjunctive treatments
of neoplasia in the literature. It will also serve to document
several unique and innovative cases we have seen in our
clinic.

Surgery remains the most common treatment of solid
tumors in small animal veterinary medicine and has been
performed in many large animal species as well. Whether
used as a solitary treatment or in concert with radiation or
chemotherapy, it is imperative that the veterinary surgeon
have an understanding of the principles of surgical oncology.
Before endeavoring to remove a tumor, histologic diagnosis
is encouraged. In some cases, this may be achieved with fine
needle aspirate or biopsy of the tumor or cytologic examina-
tion of fluid from the thorax, abdomen, or pericardium.
However, in many cases, either it is not possible to acquire
a sample or that sample may be nondiagnostic. It is then
necessary to construct a list of the most common tumor
types that may occur in that location and proceed with treat-
ment. Advanced imaging of a solid tumor is also recom-
mended before removal. Computed tomography (CT) and/
or magnetic resonance imaging can facilitate surgical plan-
ning to determine the approach and margins necessary for
successful removal. These imaging modalities may be accom-
plished in smaller species such as goats, sheep, camelids, and
small swine but would not be possible in adult cattle or large
swine. In those animals, ultrasound examination or radiog-
raphy may be the only imaging available preoperatively, and
even those studies may be unrewarding based on the large
size of the animal. Once surgery has been elected, it is
important to remember that infiltrative, microscopic cells
from the tumor may spread to include surrounding tissues,
and for this reason wide margins of 2 to 3 cm are recom-
mended. The fascia underneath the tumor serves as the deep
margin because most tumor types, at least in small animals,
will extend to but not penetrate the fascia under the tumor.
Tumor pseudocapsule, subcutaneous tissue, and fat should
not be considered suitable planes and should not be the
designated deep layer if complete excision is the goal. To
reduce the risk of seeding unaffected areas with tumor cells,
gloves and instruments should be changed if multiple sites
are addressed in the same surgery, if a skin graft or flap is
harvested, or if the tumor pseudocapsule is entered mistak-
enly during surgery. Penrose drains may promote the spread
of tumor cells to distant sites, and thus closed suction drains
are advocated instead whenever possible. Once the tumor
has been resected, it is the surgeon’s responsibility to accu-
rately mark the tissue for submission to a pathologist.
Margins should be inked and a key provided in the sample
request, with different colors representing various margins
(i.e., cranial, caudal, ventral, dorsal, and deep). A thorough
history and description of the tumor’s appearance in situ are
also vital pieces of information for the pathologist to more
accurately assess the tumor and the resection. If chemo-
therapy is to be used in addition to surgery, tissue healing
and secondary effects must be considered. Corticosteroids,
amainstay of chemotherapeutic treatment, may delay wound
healing, and thus a nonabsorbable or slowly absorbable suture
may be recommended if surgery is to be performed in the
face of steroids. Studies in rats suggest that doxorubicin may
compromise wound healing when administered up to 7 days
before or 21 days after surgery. Additionally, one must con-
sider the nadir, the lowest blood cell count (neutrophils and
platelets), of a particular chemotherapeutic. Nadir is not



known for chemotherapeutics in large animals due to their
infrequent use and therefore must be extrapolated from dogs
and cats, where it ranges from 7 to 21 days postadministra-
tion depending on the agent used. Complete blood counts
should be utilized before surgery in an animal that has
received chemotherapy to ensure adequate immune function
and minimize postoperative complications.

Once it has been determined by the surgeon that clean
margins with surgical excision cannot be achieved, or that
surgery is not possible to begin with, ancillary treatment
with radiation can be considered in some cases. Surgical
debulking often occurs before radiation because this modal-
ity is most effective when neoplastic cells are small in
volume, are in active cell division, or have a sufficient supply
of oxygen and when adjacent tissue can be protected. A
radiation oncologist can then devise the best possible plan
forward for the patient, using information gained from his-
tology, previous imaging, and the surgeon. With a variety of
radiation types and new technologies, establishing a relation-
ship with a trained oncologist is critical. Although manual
treatment plans can be made by calculating the size of the
field, depth of the treatment, and characteristics of the radia-
tion unit, radiation planning is best accomplished with CT
studies and computer programs. In addition to the size limi-
tations of the imaging equipment, radiation equipment is
also limited by the size of the animal, restricting this ancil-
lary treatment to small farm animals such as sheep, goats,
camelids, small pigs, and possibly young cattle.

In our clinic, the most notable example of combining
radiotherapy with surgery in a farm animal involved a
10-year-old, hermaphrodite, mixed breed goat that was pre-
sented for 1 month of weight loss and coughing. Physical
examination revealed the goat to be thin with a body condi-
tion score of 1.5/5, and a firm, nonmoveable, soft tissue mass
measuring 7 cm X 7 cm X 6 cm was palpable in the thoracic
inlet. Fine needle aspirate of the mass revealed only blood,
and the sample was deemed nondiagnostic. Thoracic radio-
graphs and ultrasonographic examination revealed the pres-
ence of abnormal gas-filled areas in the cranioventral lung
fields bilaterally, but these modalities could not distinguish
between mass and consolidated lung tissue. Transtracheal
wash revealed septic suppurative inflammation, and the goat
was diagnosed with presumptive bacterial pneumonia. He
was discharged on antimicrobial therapy with instructions
to monitor the thoracic inlet mass. The goat re-presented 3
weeks later for a recheck examination with no improvement
in clinical signs and a mild increase in the size of the external
mass. Repeat radiographs showed a now clearly delineated
intrathoracic mass in the cranioventral lung fields. Repeat
fine needle aspirate and cytology of the extrathoracic mass
was of low cellularity, but cells that were present were mostly
lymphocytes and were in numbers larger than those of
peripheral circulation, making the top differentials lymph
node or thymoma. A wedge biopsy was performed and
histopathology confirmed the extrathoracic mass to be a
thymoma. To better characterize both the intra- and extra-
thoracic masses, CT both with and without contrast was
performed. The intrathoracic mass measured 9 cm X 9 cm X
7 cm and was located cranial to the heart, likely in the medi-
astinum, and to the left of midline in the location typical for
the thymus. The subcutaneous, extrathoracic thymoma at
the thoracic inlet was also visible on CT but did not appear
to connect to the intrathoracic mass. Finally, consolidation
in the cranioventral lung adjacent to the mass was identified
and was supportive of pneumonic lung tissue. After discus-
sion with the farm managers from the sanctuary from which
the goat originated, options included surgical removal of
both masses, surgical removal of the extrathoracic mass only,
and radiation in addition to either of these previous options.
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The farm elected surgical excision of the external thymoma
and external radiation of the intrathoracic mass. With super-
vision by a board-certified radiation oncologist, a total of six
treatments of external beam radiation therapy using 6-MV
photons in parallel opposed fields with 4 Gy/fraction was
planned, for a total of 24 Gy. The goat was anesthetized and
positioned in dorsal recumbency. A ventral, midline incision
was made centered over the mass. The mass was bluntly dis-
sected, and the right jugular vein was identified and deli-
cately dissected away from the mass. Once the mass was
excised, the incision was closed in layers, with tacking of
layers utilized to minimize dead space. The goat was then
positioned for CT planning and received radiation. The goat
recovered well from anesthesia and subsequently underwent
five more sessions of general anesthesia and external beam
radiation therapy. Following the sixth session, CT was per-
formed to assess the size of the intrathoracic mass, and
because it appeared to have slightly decreased in size an
additional two sessions were performed, for a total of eight
treatments over the course of 24 days. At the time of this
writing, 16 months had passed since surgical excision of the
thoracic inlet mass and radiation of the internal mass. Serial
recheck examinations with radiography revealed persistence
of the intrathoracic mass with minimal change in shape or
size, as well as continued atelectasis of adjacent lung tissue.
However, the goat had gained a significant amount of weight
and was active and reportedly doing well at home.

Little is known about the use of antineoplastic drugs in
farm animal species, and only a few case reports exist in the
literature. This is largely due to the cost-prohibitive nature
of chemotherapeutic agents, as well as the restrictions that
mandate that these animals never enter the food chain fol-
lowing use of these compounds. However, as more farm
animals become pets or find their ways to sanctuaries and
rescues, and as the genetic value of production animals
increases, the use of chemotherapy may become more fre-
quent. L-asparaginase is perhaps the first antineoplastic drug
to have its use documented in livestock. A collection of 73
animals treated with L-asparaginase were described by Hardy
and OIld in 1970, including three cows diagnosed with
lymphosarcoma (LSA). The cattle were treated at the Uni-
versity of Pennsylvania with doses of 100 to 400 IU/kg
daily for 7 days. Of those, one cow responded favorably with
a decrease in lymph node size, improved appetite, and
increased milk yield, whereas the other two cows failed to
respond clinically. None of the cows appeared to suffer
any adverse effects secondary to the chemotherapeutic.
L-asparaginase is an enzyme, produced by microorganisms
such as Escherichia coli, which hydrolyzes asparagine to
aspartic acid. Leukemic cells, unlike normal cells, are unable
to produce their own asparagine, an amino acid essential for
cell life, and therefore must scavenge circulating asparagine.
However, in the presence of L-asparaginase, that circulating
asparagine is broken down and the tumor cells deprived of
this important amino acid, resulting in cell death. Although
the large volume needed to treat a farm animal results in
exorbitant price, L-asparaginase carries the benefit of being
able to be administered intravenously, subcutaneously, or
intramuscularly without the risk of tissue inflammation, alle-
viating the need for catheterization, which must be per-
formed with other chemotherapeutics. In small animals, it
has been shown to provide temporary relief from clinical
signs during a crisis or may reinduce remission in some cases
of small animal lymphoma. Although generally considered a
