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Foreword

Dear colleagues,

In name of the Collaborative Veterinary Cancer Centers, I’d like to welcome you
to new episode of the Dutch Oncology Conference.

A new conference, a new subject. 
For the first time in 6 years, we step ‘out of the box’ of covering the oncological
aspects of a specific organ system. This year we go ‘systemic’. We thought it
would be good to cover oncological emergencies, since they make a large part of
emergency cases in practice. As practitioners, we’re very often in the situation
where we need to know how to act fast and accurately. That is what this congress
is all about.

We have been able to invite some of the best speakers in this field. We are very
happy and grateful that they came to Soesterberg to make us part of their know-
ledge. The organizing committee strives each year to achieve an interactive con-
gress, but we need your help. Don’t hold your questions and experiences, but
make us all part of them. We all learn from each other’s remarks. 

We hope you enjoy this year’s episode of our conference. Many people have put
a lot of effort in it. We specially would like to thank the many sponsors. Without
their support a conference like this wouldn’t be financially possible. Please take
the time to visit their stands.

Furthermore, we hope you will use these proceedings very often in the future
when dealing with your emergency cancer patients.

In name of all the members of the Collaborative Veterinary Cancer Centres,
a warm welcome !!!

Tom Hendrickx

www.kankerbijdieren.nl
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09.00 - 09.05 Welcome

09.05 - 09.50 Rebecca Kirby (Page 9)
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09.50 - 10.35 Susanne Boroffka (Page 24)

Non-septic acute abdomen: Imaging.

10.35 - 11.00 Coffee break
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Cancer and the Acute Abdomen 

Rebecca Kirby, DVM, DACVIM, DACVECC
Animal Emergency Center & Specialty Services
Glendale, Wisconsin 
www.animalemergencycenter.com 

The term acute abdomen refers to the clinical presentation of sudden and severe
abdominal pain of unknown etiology. Because the dog or cat cannot verbalize
their discomfort, it is important to recognize any clinical signs that could reflect
abdominal pain (Table 1). This clinical presentation is an emergency requiring
rapid assessment and aggressive resuscitation of potentially life-threatening
problems. 

Table 1. Clinical Signs of Acute Abdominal Pain 

• Anorexia 
• Anxiety, restlessness 
• Depression 
• Vocalization 
• Vomiting 
• Bloody diarrhea 
• Abdominal splinting 
• Arched back or hunched posture
• Praying mantus posture 
• Reluctant to lie down 
• Abdominal distension 
• Tachypnea 
• Tachycardia 

Understanding the physiological process responsible for the pain will aid the cli-
nician in formulating a logical and timely diagnostic and therapeutic plan. 

Mechanism of abdominal pain 
Acute abdominal pain is the result of inflammatory, mechanical (obstructive,
distension), and vascular (ischemic, hemorrhagic) processes occurring in abdo-
minal viscera, peritoneal lining, abdominal muscles, and/or skin and subcuta-
neous tissues of the abdomen. Nocioceptiors (sensory receptors) transduce the
resultant intensely painful stimuli occurring near the open nerve ending to the
peripheral sensory neurons. Thin A-delta and C fibers compose the afferent pain
nerves that bring information from the periphery to the dorsal horn of the
spinal cord. Spinal cord fibers carry A-delta fiber pain signals, and others carry
C fiber pain signals, up the spinal cord to the thalamus in the brain where it is
perceived and a response is formulated. 
Pain evoked by the (faster) A-delta fibers is described as sharp and is felt first. A
duller pain, often described as burning, carried by the C fibers, follows this.
Visceral nociceptive pain originates in the viscera (organs) and can be difficult to
localize. Nociception from some visceral regions produces referred pain, where
the sensation is located in an area distant from the site of the stimulus. Deep
nociceptive pain arises from the muscles and peritoneal lining of the abdominal
wall (also called somatic pain), while superficial nociceptive pain is from the
skin and subcutaneous regions of the abdomen. Deep and superficial pain is easier
to localize on physical examination. 
Amplification of pain perception can occur through 1) after-discharge and spon-
taneous activation of dorsal horn neurons (wind-up), 2) reduced pain threshold,
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and 3) extension of hypersensitivity to unaffected tissue. In addition, local fac-
tors (eg. histamine, prostaglandins, substance P) and systemic factors (eg. tumor
necrosis factor, interleukins, platelet activating factor) can initiate psychophy-
siologic and metabolic stress responses following noxious stimulation. Pain
induced stress responses can contribute to the morbidity and mortality of criti-
cally ill small animals. Consequences of pain include: sympathetic stimulation,
atelectasis, hypoxemia, vasospasm, localized tissue ischemia, decreased gut
motility, increased myocardial oxygen consumption, increased metabolic rate,
increased insulin resistance, altered immune function, increased intrapul-
monary shunting, arrhythmias, sodium retention, decreased urine output,
reduced socialization, and increased anxiety. 
Cancer is one of many underlying etiologies that can cause the inflammation,
obstruction, distension, ischemia, and/or hemorrhage responsible for the
abdominal pain. Cancer patients receiving chemotherapy can develop clinical
signs of acute abdominal pain as a consequence of side-effects of their drugs
and/or immunosuppression. Whether the inciting problem is cancer, infection
or a foreign body, the immediate emergency assessment and stabilization will be
the same. 

Emergency assessment and stabilization 
The first assessment of the patient has to be rapid and must detect any immediate
or potentially life-threatening problems. Patients with catastrophic problems (eg
airway obstruction, respiratory failure, circulatory failure) can die within seconds
if untreated, under treated or over treated. Severe problems are potentially life-
threatening but allow more time for stabilization. The initial assessment is
called the Primary Survey and should take only a few minutes to perform (Table 2).
The ABCs are rapidly evaluated: A - airway; B - breathing; B - bleeding; C - circu-
lation; C - consciousness. The pet’s level of pain is estimated. 
Primary survey is immediately followed by or can be interrupted by Resuscita-
tion - the rapid provision of treatment to counteract, correct or reverse life-
threatening problems. Variables that contribute to the overall success of patient
resuscitation include: the severity of the primary illness or injury, the amount
of fluid or blood lost, patient age and previous health problems, the number and
extent of associated medical conditions, time delays in instituting therapy, and
the volume and rate of fluid administration, and the choice of fluids - crystal-
loid; blood components, synthetic colloids. The diagnostic, monitoring and the-
rapeutic procedures performed as a result of the secondary survey must be coor-
dinated with a coherent priority approach, keeping in mind the patient’s physi-
cal condition and the owner’s financial commitment. Therapeutic failures are
generally not from ignorance but rather from failure to act expeditiously at a
critical moment. Treatments must be given at the right time, in the right
amount and in the right order. 
Once the animal has been stabilized, an in depth systematic evaluation of the
history, physical examination of the animal is performed, called the Secondary
Survey. The complete history and thorough physical examination are the most
important diagnostic tools, used to exclude all but a few possible causes. Life-
threatening causes of severe abdominal pain must be ruled out first with the
final diagnosis typically confirmed by laboratory tests, imaging and often,
exploratory surgery. 

Primary Survey and Resuscitation 
The primary complaint, the time of onset, and past pertinent medical condi-
tions and therapy are quickly obtained from the owner. Detailed information is
obtained after initial physical assessment and resuscitation of catastrophic pro-
blems.



Parameter Abnormality Interpretation

Airway no air passage total obstruction or
respiratory arrest

loud sounds partial airway obstruction
inspiratory pharyngeal/laryngeal
expiratory intrathoracic trachea

Breathing patterns loud sounds upper airway obstruction
dysynchronous pleural space disease
synchronous parenchymal
expiratory push small airway

Bleeding external pulsing blood arterial
hemorrhage slow oozing venous

Capillary refill time < 1 second hyperdynamic state
> 2 seconds poor peripheral constriction

Mucous membrane white anemia, severe shock
color blue cyanosis

brown methemoglobinemia
petechiation thrombocytopenia
brick red hyperdynamic shock
yellow icterus

Pulse intensity weak femoral poor peripheral perfusion
bounding femoral hyperdynamic perfusion

Heart rate Dog: > 200 bpm poor coronary diastolic filling
< 60 bpm impaired cardiac output

Cat: > 250 bpm poor coronary diastolic filling
< 150 bpm impaired cardiac output

Consiousness hyperexcitability phase of unconsciousness,
consider toxins, head trauma

seizures, stupor, increase intracranial pressure
coma
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Table 2. Physical Parameters Evaluated at Primary Survey 

Airway
Animals with acute abdominal pain may have airway compromise due to the
presence of tenacious mucous in the pharyngeal/laryngeal region or the pre-
sence of mucous or exudates within the trachea. Partial airway obstruction is
suspected when the animal has loud, noisy breathing, easily heard without the
aid of a stethescope. If present, flow-by oxygen is provided, an analgesic/sedative
administered and the back of the throat suctioned.

Breathing
It is important to detect breathing abnormalities as early as possible. Sign of pro-
gression of respiratory compromise, in order from mild to catastrophic, are:
increased rate of breathing; change in pattern of breathing; assuming a pos-
tural position of relief if acute and severe; open mouth breathing; cyanosis, and
death.
Resuscitative efforts will depend upon the degree of hypoxia and work of brea-
thing exhibited by the animal. Increased work of breathing can be exhibited by
pale, white, blue or grey mucous membrane color, rapid respiratory rate, flared



DRUG IV (mg/kg) EPI (mg/kg) CRI (µg/kg/min)

Hydromorphone 2-4

Morphine 0.2-0.6 0.1 0.5

Fentanyl 0.04-0.1 0.5-1 0.05-0.1 (5µg/kg bolus)

Ketamine 5-22

Diazepam 0.25-0.5 2-5

Atracurium/ 0.2 3-8
Pancuronium

Succinylcholine 0.07

Thiamylal 8-20

Propofol 4-6

Etomidate 0.5-3

Bupivicaine 0.5
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nostrils, lips drawn back (dogs), and open mouth breathing (dogs). Breathing pat-
terns are outlined in Table 2. Quick auscultation of the thorax can add to the
localization of thoracic abnormalities. Loud, low-pitched sounds on auscultation
are usually from large airway pathology. Crackles and rates are suggestive of
fluid or infiltrate in the lung parenchyma and small airways. High-pitched
wheezing sounds suggest small airway constriction. Dull lung sounds, particu-
larly if localized on auscultation to one side or one region, suggest pleural air or
fluid. 
Animals with acute abdominal pain can present with respiratory compromise
secondary to aspiration pneumonia from vomiting or esophageal reflux; acute
lung injury or acute respiratory distress syndrome secondary to severe systemic
inflammatory response syndrome (SIRS) diseases or processes; pleural fluid from
tumor exudation; and/or pulmonary infiltration by cancer cells. 
Resuscitation of life-threatening respiratory distress incorporates immediate
oxygen support by flow-by or hood techniques. Animals with pleural space dis-
ease should undergo thoracocentesis. Fluid withdrawn is quantitated and sam-
ples evaluated by cytology, culture/sensitivity, and laboratory testing such as
packed cell volume (PCV), glucose and pH. When lung parenchymal disease cau-
ses hypoxia or an increase work of breathing, the pet should undergo rapid anes-
thetic induction (Table 3), intubation, and hand ventilation with 100% oxygen
until further assessment can be made. It may be necessary to suction down the
endotracheal tube to remove excessive mucous, transudate or exudate. A severe
elevation of intra abdominal pressure due to the presence of air, fluid and/or
organ mass can prevent adequate excursions of the diaphragm and result in
hypoventilation and hypoxemia. Relief of this pressure is required before normal
ventilation and oxygenation can return. 

Table 3. Anesthetics and Analgesics - IV - intravenous; Epi - epidural; CRI - constant rate of
infusion courtesy of Dr. Elke Rudloff, ACVECC
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Bleeding 
A quick overall assessment of the animal’s entire body surface (e.g. skin, lips and
gums, nostrils, other mucous membranes, urogenital openings, and rectal/anal
regions is made to look for evidence of on-going or past hemorrhage. Significant
findings include fresh or dried blood, petechiations, ecchymosis, and swelling
with bruising. Intra abdominal hemorrhage can manifest with abdominal pain
and/or distension, but more commonly, no obvious outward abdominal signs are
present. Assessment of the gum color and other perfusion parameters (see circu-
lation) and minimum data base will provide clues regarding the degree and
impact of blood loss. Resuscitation of bleeding may require whole blood transfu-
sion, plasma transfusion, direct pressure, vessel ligation, cold water gastric
lavage, abdominal counterpressure and./or surgery to provide adequate hemo-
stasis. 

Circulation 
Abnormal circulation results in tissue hypoxia. Attempts by the circulatory sys-
tem to compensate must be detected during primary survey. Physical changes
will occur in the peripheral tissues of the body as shock progresses and can be
detected by examining the dog or cat’s physical peripheral perfusion parameters
(ie heart rate, mucous membrane (MM) color, capillary refill time (CRT), and
peripheral pulse intensity). Rectal temperature is also important, especially in
the cat, but will be done as part of secondary survey. Indirect blood pressure
measurement is warranted at this time. 
Clinical signs of early compensatory shock include tachycardia, rapid CRT (< 1
second), bright pink to red mucous membranes, and bounding peripheral puls-
es. This stage is rarely seen in the cat. As shock progresses, peripheral perfusion
is minimized in an attempt to provide more blood flow and oxygenation to the
core circulation (brain, heart and lungs). This middle stage or early decompen-
satory stage of shock is manifested by tachycardia (dog), pale pink to white MM,
prolonged CRT (> 2 seconds) and weak or absent peripheral pulses. The cat will
typically have normal or slow heart rate at this stage. As shock progresses to the
terminal stages or late decompensatory stage, the heart rate will be normal or
slow in both the dog and cat, and there will be no evidence of peripheral perfu-
sion (white MM, absent CRT, no peripheral pulses, and cold extremities). 
It is important to remember that pain can cause clinical signs similar to the
compensatory stage of shock, requiring analgesia to be an important component
of resuscitation of the circulation. It is critical to determine whether heart fail-
ure, brain edema or hemorrhage, or internal hemorrhage is present prior to
resuscitation. The heart is quickly ausculted to detect any murmurs or gallops
and to determine if the heart and pulse are synchronous, findings compatible
with heart disease or failure. Muffled heart sounds may suggest either pleural
fluid or air or pericardial effusion. Jugular distension is supportive of an
increase in central venous pressure. 
Dogs or cats with evidence of circulatory compromise should receive flow-by or
hood oxygen while a short large bore peripheral intravenous catheter is rapidly
placed. The heart rate and blood pressure are recorded and monitored through-
out resuscitation. The poor perfusion will most likely be associated with severe
hypovolemia. A combination of isotonic balanced crystalloids with high molec-
ular weight colloids, such as hetastarch, can provide rapid intravascular volume
expansion with lower volumes of fluids. Resuscitation to hypotensive end-points
using small volume resuscitations techniques will be chosen until on-going hem-
orrhage or heart failure have been ruled out (Table 4). 



End-points
Supranormal Hypotensive

Monitored parameter

blood pressure
systolic 90-120 mmHg 80-90 mmHg
mean arterial 80-90 mmHg 60-80 mmHg

central venous pressure 8-10 cm H2O 4-5 cm H2O

heart rate*
Dog ≤ 140 bpm ≤ 140 bpm
Cat 160-200 bpm 160-200 bpm

Capillary refill time 1-2 seconds 1-2 seconds

pulse intensity
femoral strong strong

Resuscitation technique
Dog large volume small volume
Cat small volume small volume

Clinical indication SIRS diseases heart failure
hemorrhage
on-going hemorrhage
brain disease
lung edema
oliguric renal failure

*after appropriate analgesia
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Table 4. End-point resuscitation

The administration of packed red cells, whole blood, or Oxyglobin® (when avail-
able) may be required early in the resuscitation process to ensure adequate oxy-
gen carrying capacity. Analgesics should be provided during initial fluid resus-
citation to minimize the cardiovascular response to pain and stress. 
Sepsis and SIRS disease processes cause hypovolemia, vasodilation, increased vas-
cular permeability and potentially impaired myocardial contractility. These
patients will benefit from the selection of supranormal resuscitation end-points
administered by large volume techniques in the dog and small volume tech-
niques in the cat (Table 4). 
It will be impossible to accurately anticipate the volume of fluids required to
reach resuscitation end-points in advance due to the shifting of fluids, elec-
trolytes and proteins from the intravascular space into internal extravascular
third body fluid spaces (gastrointestinal tract; peritoneal space; uterus; subcuta-
neous tissues; pleural space). These ongoing losses affect intravascular hydrostat-
ic and oncotic intravascular pressures on a moment-to-moment basis and
require proportional intravascular replacement of these components. Serial
monitoring of heart rate, blood pressure, and physical peripheral perfusion
parameters is critical for aggressive and timely fluid resuscitation (Figures 1 and 2). 

Consciousness 
A brief neurological examination is done to assess the level of consciousness,
mentation and to detect any cranial nerve or spinal deficits. Any changes in men-
tation combined with cranial nerve deficits draws immediate concern for CNS
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pathology such as hemorrhage, infarct, mass lesion, or inflammatory focus.
Seizures represent cerebral cortical or subcortical pathology. If seizures are com-
bined with brain stem signs, then there has to be multifocal disease. 
Resuscitation demands that seizures are stopped by intravenous administration
of diazepam or midazolam. Propofol is another option if the blood pressure can
support the vasodilatory effects. Dogs having prolonged seizures or underlying
neoplasia or sepsis should immediately have their blood glucose measured and
supplemented (0.5 gm/kg IV) when the blood glucose is less than 60 mg/dl. Dogs
with altered level of consciousness should have their head at least level with
their body or elevated at least 20 degrees above their body. Intracranial signs
direct resuscitation using hypotensive end-points and small volume techniques
to avoid contributing to cerebral edema. The use of mannitol and/or glucocorti-
costeroids should be considered if cerebral edema is attributable to a brain tumor.

Pain
Dogs and cats with significant intra abdominal pain demonstrating one or more
of the clinical signs listed in Table 1 will benefit from intravenous analgesics as
soon as possible during resuscitation. Mild pain and anxiety can be address by
administering an agonist/antagonist, such as butorphanol (0.2-0.8 mg/kd IV, IM
or SC; or 0.4 mg/kg IV bolus then o.1 mg/kg/hr CRI). Moderate to severe pain will
require stronger opioids such as fentenyl (10 ug/kg V bolus then 2-5 ug/kg/hr CRI)
or hydromorphone (0.02 - 0.1 mg/kg IV, IM, or SC). Other agents are available for
rapid anesthetic induction and analgesia (Table 3). Avoid non-steroidal anti-
inflammaotry agents at this time. Because analgesics can cause vasodilation and
suppress respiration, it is important to ensure that there is adequate fluid and
airway support available prior to their administration. 

Secondary Survey 
After primary survey and resuscitation, there is reassessment of the vital signs
(ABCs) and a more thorough examination of the patient from head to tail. 

History
Starting with “when the pet was last absolutely normal”, it is important to dis-
cover the progression and addition of problems on a day by day basis. Often what
on the surface appears as an acute problem has a more insidious onset. 
Important information to ascertain includes: 
• Has the dog had any vomiting or diarrhea? If so, what is the color, character

and effort of each? 
• Have the owners noticed any regions on the pet that are painful? 
• Does the pain seem to be intermittent or continuous? 
• Does anything relieve the pain? 
• Any exposure to drugs, medications, or possible toxins? 
• Are there any past medical problems and treatment? 
• Any weight loss? 
• What is the pet’s reproductive status? If an intact female, has there been a

recent breeding or heat cycle?
At this time, identify if the pet has ever had a blood transfusion, any known aller-
gies to many medications or food, and any problems with anesthesia.

Physical Examination 
The mneumonic “A CRASH PLAN”, borrowed from paramedics, can be used to
remind the clinician to be thorough in their secondary survey.
A - Airway and breathing (nose, mouth, trachea, thoracic inlet, all lung fields) 
C - Cardiovascular (MM, CRT, toe temperature, central/peripheral pulses, heart tones)
R - Respiratory (breathing effort and patter, chest & abdominal movement,

percussion)
A - Abdomen (wounds, bruises, inguinal/retroperitoneal region, careful palpation,
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auscult, percuss)
S - Spine (palpate entire spine, mote general movement, wounds, bruises, pain)
H - Head and EENT (nose, face, skull, jaw, teeth, eyes, ears, tongue, pharynx) 
P - Pelvis (palpate ileal wings, tuber ischium, greater trochanters; rectal; genitals)
L - Legs (distal to proximal check movement, feeling, function, joints, skin)
A - Arteries and veins (clip neck and examine jugular vein filling, check pulses)
N - Nerves (assess level of consciousness, cranial & peripheral nerves, spinal

function) 

The rectal temperature is avoided in animals with bradycardia or severe mental
depression in an effort to avoid vaso-vagal induce cardiac arrest or near arrest
from rectal stimulation. Arterial blood pressure (indirect) and pulse oximetry
data are considered as part of the primary survey in some hospitals, and should
become at least a part of secondary survey in critically ill animals. 

Abdominal palpation 
Palpation of the abdomen is saved for the last part of the initial examination.
The hands should first run down the sides of the abdomen from dorsal to ven-
tral, then cranial to caudal, to assess the hair, skin, and muscles. Pain in these
regions might reflex myositis (muscle inflammation), steatites (inflammation of
subcutaneous fat), or back pain referred to the abdominal musculature. 
The abdomen is then gently balloted to see if there are any large masses or fluid
waves present. A routine should be developed for deep palpation of the
abdomen. Starting a the cranial abdomen, the examiner is positioned behind
the rump of the animal and reaches to the rib cage with one hand on each side
of the pet’s body. The hands are placed behind the last rib and deep palpation
begins, moving cranially under the rib cage. Any obvious palpation of the liver
or spleen is noted, as is any pain on palpation. If the stomach can be palpated or
percussed, this is abnormal. For deep, barrel chested or obese animals, it may be
helpful to have someone elevate the front half of the body while you palpate to
shift the anterior abdominal contents caudally. 
The examiner may now opt to move to the side of the animal. One hand is placed
on each side of the abdomen dorsally, just behind the rib cage to palpate the kid-
neys. The right kidney is more posterior than the left and not as tightly adhered.
The size, shape and texture of the kidney should be noted, as well as any pain on
palpation. Moving ventrally from here, the examiner will try to palpate or ballot
the spleen. Then placing the hands near the paralumbar muscles, deep palpa-
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tion (in a circular massaging type motion) is done of the bowel in the mid
abdominal region -moving from dorsal to ventral. The bowels are allowed to slip
between the fingers of the hands. It should be noted whether or not the bowels
contain fluid, feces or gas, if they are mobile, and if there is any pain on palpa-
tion. Any masses associated with bowel should be gently compressed with the
fingers to see if they indent or not. Fecal material will indent, but tumors, lymph
nodes and most foreign bodies will not. At the pelvic inlet, the urinary bladder
is palpated. It can be determined how much urine is present and if the bladder
is easily expressed. 
Should the pet retch or vomit with palpation of any abdominal organ, this sug-
gests that there is peripheral receptor stimulation (stretch or inflammation) as
one of the causes of vomiting. This can become important in selecting anti-eme-
tics. A rectal examination is performed for careful palpation of the prostate, sub-
lumbar lymph nodes, pelvic inlet, and pelvic urethra. Gross examination of the
fecal material for consistency and blood and microscopic examination of the
feces for parasites or pathogens is performed. 

Minimum Data Base 
As the intravenous catheter is being placed for resuscitation, whole blood is col-
lected into 2 or 3 heparinized microhematocrit tubes from the hub of catheter
for the initial minimum data base (MDB). This blood will be used to determine
the packed cell volume (PCV), plasma total solids or proteins (TS), blood glucose
and blood urea nitrogen (BUN). These values can reflect life-threatening compli-
cations of the underlying cause of the acute abdominal pain and are critical for
the stabilization process. Blood is then drawn into a lithium heparin for imme-
diate venous blood gas and electrolyte determination, and an EDTA and clot
tubes filled for a complete CBC and biochemical profile to be evaluated after sta-
bilization. A blood smear is made at the time of resuscitation to estimate platelet
numbers and blood drawn for an initial activated clotting time (ACT) or pro-
thrombin time (PT) and partial thromboplastin time (PTT). Below are values that
are of great concern when found on the initial MDB, referred to as red check
mark items to alert the clinician and nursing staff of potential problems. Any
declining trend in platelet numbers, a total platelet count < 100,000 plts/cumm,
or prolongation of ACT, PT or PTT is significant.

Minimum Data Base
Values of Concern

PCV
a > 60% or < 20%

TS
a > 9.0 or < 5.0

Dextrose
a < 60 mg/dl
a > 400 mg/dl

BUN
a > 40-50 mg/dl
a < 5 mg/dl

Lactate
a > 2 mmol/L

Electrolytes
a Sodium > 170 or < 135
a Potassium < 3.0
a Calcium > 6.0 or < 3.0
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Extended Diagnostics 
Complete blood count, biochemical profile and urinalysis are performed.
Though helpful in discovering the consequences of the initiating problem, these
tests are rarely responsible for making the definitive diagnosis of acute abdomi-
nal pain. A full assessment of coagulation is warranted, especially if there is any
evidence of hemorrhage. Problems such as disseminated intravascular coagula-
tion, thrombocytopenia, underlying coagulation disorders, possible rodenticide
toxicicty, and platelet dysfunction are all possible etiologies. 
Abdominal ultrasonography is used in combination with or prior to plain
abdominal radiographs. Focused Abdominal Songraphic Technique (FAST) is
used initially for rapid assessment of the abdomen for free fluid or blood. With
the dog lying on his back, the most dependent areas of the abdomen are rapid-
ly imaged for fluid (below the xyphoid, lateral to both kidneys, and caudal ven-
tral to the urinary bladder. Imaging should be completed prior to paracentesis if
possible to avoid the entry of free air into the peritoneal cavity from the proce-
dure. A complete ultrasound is then done to detect subtle organ enlargement or
infiltrates, kidney avulsion, vascular occlusion, and/or pancreatitis. Abdominal
radiographs are evaluated for generalized loss of detail as a sign of diffuse peri-
toneal disease, gas in the intestinal lumen or free within the abdomen, intesti-
nal volvulus or ileus, changes in organ size and shape, and organ details within
the right upper abdominal quadrant. Thoracic radiographs are done to assess for
metastatic lesions, the presence of pulmonary or pleural fluid, the size of the
vena cava as a reflection of intra thoracic pressure or intravascular fluid volume,
and other pathology. CT without and with contrast may be of benefit to identify
and characterize the underling pathology.

Evaluation of abdominal fluid 
Abdominal fluid may be found throughout the abdomen or trapped within the
omentum or pockets of peritoneal adhesions. If the abdominal tap is done with-
out the aid of ultrasound, a 4 quadrant tap is done to determine if the fluid is
focal or defuse. Recovered fluid is evaluated as below (Table 5). Diagnostic peri-
toneal lavage is done when the there is poor fluid recovery from centesis or
imaging. A peritoneal catheter is placed and 10-20 ml/kg of warm sterile isoto-
nic saline is infused into the abdomen. The catheter is capped off and the ani-
mal is rolled and palpated to move the fluid. A sample is then withdrawn and
evaluated. The peritoneal catheter can be left in place during resuscitation and
fluid collected on a periodic . This fluid is then evaluated for an increasing PCV.
When the PCV is found to increase by 5% during fluid resuscitation, there is
strong evidence for on-going intra-abdominal hemorrhage A WBC count and dif-
ferential of the abdominal fluid is done, particularly if repeated lavage or cente-
sis is going to be used to help make the decision concerning the need for surgery.
Plasma is added to the fluid sample (1:1) before centrifugation to preserve cellu-
lar morphology. In addition, the cells with plasma adhere better to the slide sur-
face. When plasma is not available, the sample must be spun down immediate-
ly and the sediment spread on the slides within 20 to 30 minutes of collection,
This is to avoid cytolysis from the hypo osmotic fluid the cells are suspended in. 

Differential Diagnosis 
It is critical to look for problems that might require emergency surgery (Table 6).
Possible causes to consider include, but are not limited to, the following: 

Gastrointestinal 
• Inflammatory: gastroenteritis, gastritis, ulcerative disease, bowel perforation,

infectious 
• Obstruction: intussusception, volvulus, post-surgical adhesions, tumors, severe

constipation, foreign body 
• Vascular: embolism, thrombosis, hemorrhage, 



PCV ≥5% increase on repeated sampling
WBC count of the lavage fluid > 20,000, increasing with repeated lavage
Differential of the lavage fluid predominant cell is neutrophil (>90%),

segmented
Cytology of the lavage fluid intracellular bacteria, hypersegmented

and vacuolated
WBC, plant or meat fibers

Amylase of the lavage fluid > 200 i. u. activity, increasing with
repeated lavage

Lipase of the lavage fluid greater than the lipase in the serum,
increasing when repeated

Bilirubin greater in abdominal fluid than serum
Creatinine greater in abdominal fluid than serum
Potassium greater in abdominal fluid than serum
Glucose greater in serum than abdominal fluid
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• Digestive: food allergies; 

Bile system 
• Inflammatory: cholecystitis, cholangitis 
• Obstructive: cholelithiasis, tumors 

Liver 
• Inflammatory: cholangiohepatitis, liver abscess 
• Vascular: liver tumor, hematoma, tear or trauma, 
• Mechanical: diaphragmatic hernia 

Pancreatic 
• Inflammatory: pancreatitis, abscess 

Renal and urological 
• Inflammation: pyelonephritis, bladder infection, ethylene glycol 
• Obstruction: kidney stones, urolithiasis, urinary retention, tumor 
• Vascular: avulsed kidney, thrombosis 

Gynecological 
• Inflammatory: uterine infection, prostatitis, retained fetus, uterine rupture 
• Vascular: testicular torsion, uterine torsion 

Abdominal wall 
• Inflammation: muscle inflammation, tear, trauma, infection, steatites 
• Vascular: hemorrhage or infarct 
• Mechanical: herniation 

Metabolic disturbance 
• Toxins: lead, snake bite 
• Uremia 

Immune system 
• Lymph node neoplasia or inflammation 
• Vasculitis - infectious, immune mediated, toxic, neoplastic 

Referred pain 
• From spine - radiculitis 
• From thorax - pneumonia, pulmonary embolism, pericarditis, pericardial dia-

phragmatic hernia 

Table 5. Abdominal f luid samples - indication for surgery



Lack of a diagnosis in a deteriorating patient
Free abdominal air (in closed abdominal cavity)
Bacteria seen within WBCs in free abdominal or DPL fluid
Plant fibers and bacteria seen in free abdominal fluid or DPL fluid
Significant or continued abdominal hemorrhage
Torsion or entrapment of abdominal organ
Evidence of organ ischemia
Penetrating abdominal foreign bodies
Failure to respond to medical therapy for pancreatitis
Rupture of a major abdominal organ
Debridement of infected wounds, muscles, fascia
Relieve total intestinal obstruction
Perforation of abdominal organ
Obtain biopsies
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Table 6. Indications for emergency surgery 

Figure 1. Algorithm for f luid resuscitation of cats

Figure 2. Algorithm for f luid resuscitation of dogs
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Instructiefilm dunne naald biopsie

Cytologisch onderzoek van een proces vindt plaats door microscopisch onderzoek van een uitgestreken aspiraat van dat
proces. Voor het verkrijgen van het aspiraat is een aanzuigende kracht nodig. Deze aanzuigende kracht kan opgewekt worden
door het creëren van onderdruk in een spuit die geplaatst is op een naald die zich in het proces bevindt. Door middel van deze
bekende techniek wordt een ‘dunne naald aspriatiebiopt’ verkregen (DNAB).
Het is echter ook mogelijk om een aspiraat op een passieve wjize te verkrijgen door gebruik te maken van de aanzuigende
capillaire werking, die optreedt in een dunne naald als de naald in het proces wordt gestoken. Door middel van deze techniek,
die in korte tijd sterk aan populariteit heeft gewonnen, wordt een ‘dunne naald biopt’ verkregen (DNB). De DNB-techniek heeft
een aantal belangrijke voordelen ten opzichte van de DNAB- techniek: De passieve aanzuiging van het aspiraat door de
capillaire werking in de naald veroorzaakt minimale cellulaire artefacten. Bovendien is de bioptname met de DNB-techniek
gemakkelijker, omdat kleinere processen met een diameter van enkele millimeters met alleen een naald makkelijker aan te
prikken zijn dan met het logge systeem dat bestaat uit een naald, waarop een spuit is geplaatst, zoals bij de klassieke DNAB-
techniek. Bovendien gaat er bij de DNB-techniek geen aspiraat verloren als de punt van de naald per ongeluk uit het te
biopteren proces komt, wat wel gebeurt bij een spuit-naald combinatie. 

In deze instructievideo, die gemaakt is door De Gezondheidsdienst voor Dieren in samenwerking met het Dierenziekenhuis
Zeeuws-Vlaanderen, wordt de DNB-techniek gedemonstreerd bij het verkrijgen van aspiraten uit processen bij twee honden.
De verwerking en beoordeling van het uitgestreken aspiraat op het pathologisch laboratorium wordt eveneens in beeld gebracht.
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Tumor related acute abdomen:
diagnostic imaging of the acute abdomen

Dr. Susanne AEB Boroffka, PhD, Dipl.ECVDI 

Oncologic emergencies represent a wide variety of conditions that can occur at
any time during the course of a malignancy, from an initial presenting manifes-
tation in a patient with an undiagnosed cancer, to end-stage incurable metasta-
tic disease. In general, cancer does not progress very rapidly, however, it may
cause an oncologic emergency that requires immediate treatment, depending
on the location and progression of the disease. Unfortunately, dogs and cats hide
their clinical signs often until quite late in the disease, being then presented as
an emergency patient. Oncologic emergencies include conditions caused by the
cancer itself or side effects of therapy. Emergent conditions include metabolic
(ruptured viscous for instance), cardiac (pericardial effusion for instance), DIC,
hypercalcemia, hypoglycemia, hyponatremia, neurologic, or infectious (sepsis
for instance) disorders. Hemorrhage, obstruction, and perforation are typical
abdominal oncologic emergencies. Prompt recognition, diagnosis and treatment
of these conditions can lead to markedly improved quality and quantity of life.
Abdominal oncologic emergencies have decreased due to recent diagnostic and
therapeutic improvements. However, it remains a crucial disease requiring
appropriate diagnoses and prompt treatment based on the conditions of the
patients and disease. The dilemma in veterinary medicine is to find the balance
between clinical examination, stabilization of the critically ill patient, diagnos-
tic imaging and costs for the owner. To proceed with diagnostic imaging, the
patient needs to be stabilized, but why spend a lot of money for emergency and
critical care in a patient, which might be diagnostized with untreatable cancer? 

In some patients with tumor related acute abdomen clinical examination and
paracentesis with cytology will be sufficient to make the diagnosis. In other
patients the diagnosis has been made in an earlier stage and when the patient is
presented with signs of an acute abdomen no further diagnostic tests are neces-
sary, because the clinical signs are explained by the previously made diagnosis.
Then there are the patients presented with an acute abdomen, where the cause
still has to determined and the owner needs to realize that many of these emer-
gencies are imminently life threatening, and can occur in patients with curable
disease (such as splenic hemangioma or lymphomas) or in patients with incur-
able advanced disease (widespread metastatic hemangiosarcoma). Prognosis and
definitive treatment ultimately depend on each individual patient’s primary
problem and the presence of secondary complicating factors.
Diseases causing acute abdomen can affect multiple organ systems, the most
important of which are the gastrointestinal tract, urogenital system, spleen,
mesentery, peritoneum, hepatobiliary system, and extra-abdominal sites, most
notable spinal referred pain. Physical evaluation will identify immediate life-
threatening problems that require rapid stabilization, such as immediate med-
ical and/or surgical intervention to prevent further deterioration of the patient.
Once the life-threatening situation is under control, further diagnostic evalua-
tion may be undertaken.
Diagnostic imaging plays an important role in the evaluation of the abdominal
structures for diagnosis, further treatment planning and prognosis of patients
with an acute abdomen. The choice of the best diagnostic imaging technique
depends on the indication, history and clinical status of the patient, the patient
itself, the availability of the technique, and the money the owner is able and
willing to spend for his animal. For the evaluation of the abdomen, abdominal
radiographs and ultrasonography are readily available in veterinary practice,
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whereas computed tomography (CT) is still restricted to specialized clinics.
Abdominal radiographs are the tried and true method of diagnosing abdominal
disease. One of the great advantages is that performing a radiographic study is
very quick and the technical staff is trained to the radiographs. Radiographs give
an excellent overview of the whole abdomen and should be evaluated for the
presence of free abdominal air, fluid, masses, abnormal organ position and focal
or diffuse bowel loop distention. It may be useful to obtain additional radio-
graphs in opposite lateral recumbency or a horizontal beam view to highlight
free air or fluid. Also 
contrast-studies, such as barium contrast studies for GI-tract diseases or IVP, cys-
tography and/or retrograde urethrography with iodine contrast may define
organs with a lumen. However, radiographs are limited in distinguishing the
internal structure of solid organs, such as liver and spleen, unless there is air or
mineral density visible. Ultrasonography (US) is considered in veterinary medi-
cine the most valuable imaging technique for evaluation of the abdominal cavi-
ty and retroperitoneal space. In most patients with a tumor related acute
abdomen abdominal US helps to obtain valuable information leading to the cor-
rect diagnosis and/or narrowing the list of differential diagnosis. Ultrasound is
exquisitely more sensitive than radiographs for detecting a small amount of
peritoneal effusion (little as 4ml/kg bodyweight). The areas to be scanned to look
for small amount of ascites are at the level of the apex of the urinary bladder and
at the renal fossa of the liver between the right kidney and the caudate lobe of
the liver. Small amount of fluid also may be detected around the gallbladder.
Interventional US may be useful to assist in getting the definitive diagnosis
(FNAB or paracentesis) or to treat certain pathologic conditions. Accurate and
prompt diagnosis assures successful management and implementation of the
appropriate treatment. Abdominal organs imaged with US are the liver with the
biliary system, pancreas, spleen, gastrointestinal tract, kidneys, ureters, urine
bladder, urethra, uterus, ovaries, prostate, lymph nodes, omentum, mesentery
and blood vessels. The major disadvantage is that US is very operator depended
and the diagnosis is actually made during the examination. That means that
documentation and thus gaining a second opinion, is very difficult.
Since computed tomography (CT) is becoming more available also in private
practice it should be seriously considered for abdominal imaging in patients.
This is especially true for large breed dogs, obese animals and/or very painful
patients where physical and US examination may be limited due to the size and
struggling of the patient. CT may be extra useful for evaluation of the retroperi-
toneal space and minor parenchymal changes. Even exploratory laparatomy may
be unrewarding in finding the cause of an acute abdomen when the surgeon
does not know exactly where to look. Disadvantage is the necessity for anesthe-
sia of the patients, however the modern CT scanners are so fast, that sedation or
mechanical restrain in a critically ill patient may be sufficient.
In veterinary practice the majority of patients with a tumor related acute
abdomen will be presented with ascitis caused by abscess formation,
hematomas, and/or peritonitis. This also indicates that abdominal radiographs
will often be unrewarding, since fluid will obscure abdominal detail making
diagnosis very difficult. US will give in most patients more information.
A cavitated mass in the abdominal cavity, retroperitoneal space or originating
from one of the abdominal organs can be seen as a fluid-filled cavity with thick,
irregular walls. The US characteristics of the free fluid may be anechoic to hypoe-
choic to very echogenic, depending on the viscosity and cellularity of the fluid.
Hyperechoic internal multifoci may be present because of the presence of cellu-
lar debris or air artifacts. Irregular and extremely hyperechoic to heteroechoic
mesenteric fat is a common finding for peritonitis. Severe chronic peritonitis
may predispose to sclerosing peritonitis. This implies thickening and histologic
transformation of the peritoneal layer associated with transformation of fibrin
into sclerotic tissue. This sclerotic tissue organizes in the abdomen, forming an
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encapsulated type mass lesion called encapsulated ascites, and may be confused
with an abdominal mass on palpation and also on radiographs. Segments of
small intestine may become entrapped in this mass lesion, which diminishes the
peristalsis, giving the small intestine a corrugated appearance. Multiple hyper-
echoic linear structures interspersed within an anechoic area (the ascites fluid)
may be seen on ultrasound.
Different causes for ascitis in a tumor-related acute abdomen: 

Hemoabdomen 
Hemoperitoneum is defined as blood within the peritoneal (abdominal) cavity.
The blood accumulates in the space between the inner lining of the abdominal
wall and the internal abdominal organs. Spontaneous or nontraumatic hemoab-
domen has been associated with benign or malignant intra-abdominal neopla-
sia, coagulopathies, gastric dilatation and volvulus, liver lobe torsion, and
splenic torsion. Intra-abdominal tumors can rupture, slowly bleed, or invade
into a blood vessel causing blood to enter the abdominal cavity. The fluid asso-
ciated with a hemoabdomen is often echogenic because of the multitude of
reflectors in the fluid. Comparing the appearance of urine in the bladder to the
free fluid assists in characterizing the effusion, in that hemorrhagic exudates
should be hyperechoic compared to anechoic urine. Furthermore, swirling of
the hemorrhagic effusion is often detected even though the actual bleed cannot
be visualized. The parenchymal organs, such as spleen or liver may show ultra-
sonographically focal or diffuse changes. Focal masses may be benign tumors
(hemangiomas) or malignant tumors (hemangiosarcomas, mast cell tumors and
lymphosarcoma). In dogs, most splenic masses are either hemangiomas or
hemangiosarcomas, while in cats they are usually either mast cell tumors or
lymphosarcomas. In dogs and cats the most common cause is malignant neopla-
sia (80% of cases in one study) and the majority of those cases are hemangiosar-
coma (88%). Interestingly, in studies performed by pathology laboratories benign
splenic lesions occur as equally common as malignant splenic disease. However,
a clinical study showed that malignant splenic neoplasia was found to be more
common in dogs with acute hemoabdomen. Splenic hemangiosarcoma and
splenic hematoma, the most common lesions, have similar ultrasonographic
appearances. Both may present with a mass or masses with a heterogeneous
appearance containing hypoechoic to anechoic mixed masses within normal
parenchyma. Although features (such as definition of the border of the mass and
presence of nodules on adjacent visceral surfaces) may help to distinguish
between these two lesions prior to surgery, differentiating features are not
always present or interpretable, and histopathology is always required for defin-
itive diagnosis. Abdominal US may help determine if metastatic lesions are pre-
sent but the metastasis may be even too small to be imaged. The ultrasonographic
appearance of hepatic nodules may be the same for metastatic lesions and
benign nodular hyperplasia. Although the cause for hepatic nodular hyperplasia
is unknown, it is a common finding in older dogs that does not appear to affect
morbidity. Also metastasis to the lymph nodes can be imaged with US. There are
usually enlarged, more rounded (as to the normal elongated shape) and hetero-
geneously hypoechoic. However, reactive lymph nodes may have a similar appea-
rance, even though are usually more homogenously hypoechoic enlarged.
Although it would be clinically helpful to be able to differentiate malignant
from benign lesions prior to surgery, it is not possible with ultrasonography. So,
even though the diagnosis of spontaneous hemoabdomen generally warrants a
poor prognosis, benign (hematoma or splenoma) or treatable causes must be
considered possible in each patient. However, the combination of clinical signs,
history of the patient (age and breed) and US findings (multiple hypoechoic
and/or hyperechoic nodular lesions in different organs) may narrow down the
list of differentials.
Contrast US may be helpful to differentiate between benign and malignant no-
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dules. Nodules in the liver can be differentiated reliable with contrast US, whereas,
both benign and malignant splenic nodules may show similar contrast-
enhancement pattern.
Other malignant tumors causing a hemoabdomen include mesothelioma,
pheochromocytoma, primary hepatic tumor (hepatic carcinoma), and hepatic
metastasis from other abdominal malignancies. Pheochromocytoma can cause
severe hemorrhage initially to the retroperitoneal space but can spread into the
abdominal cavity. In these patients extensive hypoechoic tissue (hematomas) is
detected in the retroperitoneal space making the identification of the tumor
very difficult. 

Septic peritonitis 
Septic peritonitis is defined as the presence of suppurative inflammation with
degenerative neutrophils and bacteria in the abdominal cavity. Septic fluid may
be very echogenic (due to very cellular fluid) or occasionally hypoechoic to ane-
choic. Very small amounts of fluid and free air can be detected in contrary to
abdominal radiographs. Further evaluation will include the GI-tract and hepato-
biliary system to look for gastro-intestinal or hepatic and/or biliary tumors. The
cause for a septic peritonitis is not always imaged, but exploratory laparatomy is
mandated in these animals. Ultrasonography and/or CT may help decision ma-
king for the owner, when the cause for the acute abdomen is found and progno-
sis is very poor. US may be difficult if the patient has a very painful abdomen,
but often the cause can be found and FNAB can be performed. In large dogs, such
as Great Danes or St. Bernard dogs, CT can provide extra information over the
internal structures of abdominal organs and also give insight in the extension
and relation of an abdominal tumor to the vessels and the other organs. 

Non-septic peritonitis 
Non-septic peritonitis is defined as the presence of inflammation with intact or
hypersegmented neutrophils in the peritoneal cavity. Inflammatory processes,
such as intestinal obstruction, pancreatic, hepatic and/or prostatic inflamma-
tion or tumor, mesenthelioma (omentum retrahens) or carcinomatosis are the
most common causes. The fluid is also often echogenic depending on the num-
ber of cells and inflammatory agents in the fluid. Again US may guide parencen-
tesis. In some patients with carcinomatosis small hypoechoic nodules may be
found throughout the peritoneal cavity. In other patients the intestines may
have a very abnormal presentation, showing an abnormal position and a corru-
gated aspect due to chronic peritonitis. 

Conclusion
In conclusion, diagnostic imaging plays an important role in aiding diagnosis of
patients with a tumor-related acute abdomen. The advantages of radiographs
are: excellent overview, technical ease, familiarity with interpretation, and abi-
lity to view the GI-tract, and diagnosing free gas, whereas the disadvantages
include depth compression, limited density discrimination and insensitive to
small amounts of peritoneal fluid and air. US has as advantages: good tissue and
lesion discrimination, little depth averaging, sensitive to small amounts of peri-
toneal fluid and air and it is a real-time examination. Disadvantage is the fact
that it is operator dependent and documentation is difficult. Furthermore in
large and/or painful patients an US examination may be difficult to perform. CT
gives the most information, especially in large animals, provides a good overview
for treatment planning and prognosis. Disadvantages are clearly the necessity of
sedation/anesthesia, the high costs and lack of experience in the interpretation
of abdominal CT.
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Tumour-related acute abdomen: surgical aspects 

Laurent Findji DMV MS MRCVS DipECVS 

Successful management of animals with tumour-related acute abdomen (TRAC)
relies on prompt diagnosis and appropriate treatment. In most cases of TRAC,
treatment involves surgery after a variable period of patient optimisation. The
scope of this text will be strictly limited to surgical treatment. 

Preparation 
The patient is prepared for exploratory coeliotomy. The abdomen should be
clipped widely enough to allow extending the median coeliotomy by caudal ster-
notomy or paracostal incision(s) if wider exposure is required. 

Exploratory coeliotomy 
Surgical exploration of the peritoneal cavity is performed through a xypho-
pubic median coeliotomy. Whether the diagnosis has been made prior to surgery
or not, it is essential to examine the abdominal cavity thoroughly and systema-
tically. Likewise, several lesions may be present and early discovery of obvious
findings do not exempt from a thorough exploration. No particular method is
superior to others for exploration of the abdomen; each surgeon should choose
one sequence of exploration and apply it systematically, regardless of initial
findings, to avoid missing lesions. Every abdominal and retroperitoneal organ
must be visually inspected and palpated. In particular, the digestive tract must
be attentively and systematically examined from the cardia to the rectum. In
most cases of TRAP, the tumour can easily be found. However, whenever a clear
explanation for the clinical signs prompting surgery is not found, multiple biop-
sies of abdominal organs must be performed, regardless of their macroscopical
aspect which may be unremarkable. In severely debilitated and hypoalbu-
minaemic patients, as in patients with clinical coagulopathies, the diagnostic
benefit from such biopsies must be balanced against their inherent risks. 

Haemoperitoneum 
In patients with massive haemorrhage, accumulation of fluid into the peri-
toneal compartment increases the intra-abdominal pressure. This tends to limit
ongoing haemorrhage. In such patients, when the peritoneal cavity is opened,
the intra-abdominal pressure suddenly drops, which can cause further haemor-
rhage and rapid decompensation1. This possibility should be anticipated by
being ready to blindly compress the abdominal aorta manually, should the
patient show signs of decompensation. When massive haemorrhage is found on
opening the abdominal cavity and its source cannot be readily identified, the
abdominal aorta can be manually compressed at the level of the celiac artery,
which is located cranially and medially to the left kidney. If the amount of free
blood in the abdomen precludes vision of the aorta, it is located by palpation of
its pulse. In severely hypotensive patients, the pulse may be difficult to palpate
and mass-compression of the aorta and caudal vena cava against the ventral
aspect of the vertebrae may be required. 
Autotransfusion refers to collection and administration of the blood contained
in the peritoneal cavity. It may be considered to increase vascular volume and
maintain oxygen-carrying capacity in patients with severe haemorrhage, when
other blood products are not available. Contraindications include contamina-
tion of peritoneal blood with urine or germs. In humans with tumour-related
haemoabdomen (TRHA), autotransfusion has not resulted in higher rates of
tumour recurrence or decreased survival times. The risk of dissemination of
malignant disease is therefore thought to be minimal2. It is unknown whether
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this can be applied to small animals, but autotransfusion should be performed
when considered life-saving in animals with TRHA, if no other blood products
are available.
To perform autotransfusion, the blood is collected with a sterile suction system
into a sterile container or with syringes and be stored in the syringes themselves
or a transfusion bag, depending on the need for anticoagulants. Unless the blood
has been in the abdomen for more than 45 minutes, it still keeps remnant clot-
ting abilities. The collected blood should therefore be mixed with anticoagulants
(heparin: 0.5-0.8 units/ml of blood; acid-citrate-dextrose: 1ml/7ml of blood; citrate-
phosphate-dextrose-adenine (CPDA-1): 1 ml/7-9 ml of blood). It must be administered
through a micropore filter. 
Although haemoperitoneum can occasionally occurs as a consequence of
tumours of other organs (abdominal wall, adrenals, bladder, omentum, etc.),
tumours of the spleen, liver and kidneys are by far the most frequent sources of
spontaneous bleeding. The precise description of surgical techniques will there-
fore be limited to these 3 organs. 

Bleeding spleen 
The spleen has is the most frequent source of bleeding in dogs with acute non-
traumatic haemoabdomen1,3. It is also the most frequently affected organ in
case of haemoabdomen secondary to haemangiosarcoma. Splenectomy is the
treatment of choice of splenic tumours. It is best performed by the rapid tech-
nique, especially as ongoing bleeding may be present and the patient be haemo-
dynamically unstable. 
The hilus of the spleen is longitudinal and extends on most of its length.
Consequently, the vascular supply to the spleen consists, at its hilus, of numer-
ous short arteries and veins. However, at a distance from the hilus, only a few vas-
cular pedicles are supplying these hilar vessels: the splenic, left gastroepiploic
and short gastric arteries and veins. In addition, at the spleen’s tail, branches of
the splenic artery and vein anastomose with arteries and veins of the greater
omentum. 
When a splenic tumour is present, adhesions between the tumour and the
greater omentum are frequently found. They are ligated and transected, leaving
the adherent portion of the omentum attached to the spleen, to be removed
with it. Once all such adhesions have been transected, the four abovementioned
vascular pedicles are identified. 
The left gastroepiploic and short gastric arteries and veins, as well as the branches
of the splenic arteries and veins anastomosed to the vasculature of the greater
omentum, are found in the superficial leaf of the greater omentum. The splenic
artery and vein are found at the tip of the left pancreatic lobe, in the deep leaf
of the greater omentum. Therefore, to visualise it well, one has to either open
the omental bursa or turn the spleen over cranially to expose the deep leaf of the
omentum. Once these vessels are identified, holes are manually made in the sur-
rounding omentum and each pedicle is ligated with the portion of omentum
comprised between these holes (Figure 1). In particular, precise identification of
anastomotic branches of the splenic artery and veins is often unnecessary and
the omentum at the spleen’s tail can undergo mass ligation. Once all vessels are
ligated and severed, the spleen is removed. 
Initially, concerns about compromising the gastric wall vasculature by ligation
of the left gastroepiploic and short gastric vessels were raised. It has since been
shown that ligation of these vessels does not result in compromised blood sup-
ply to the gastric wall4. The fast splenectomy therefore is a safe procedure. 
In case of massive haemorrhage, instead of ligatures, haemostats are quickly
placed to occlude the abovementioned vascular pedicles. The spleen is then
excised and ligatures are subsequently places before removing the haemostats.
Haemorrhage can thereby be controlled within seconds. 
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Figure 1: Ligation sites for performance of a fast splenectomy
(Adapted from: Fossum. Small animal surgery, 3rd ed. 2007)

Bleeding liver 
The liver is most commonly approached through a median coeliotomy exten-
ding from the xyphoid process cranially to the umbilicopubic area. However,
this approach is sometimes found to be inadequate, either because of too little
exposure of the liver or insufficient room to manoeuvre bulky instruments such
as staplers. The exposure of the liver and surrounding structures can then be
increased by a number of additional incisions. Unilateral or bilateral paracostal
incisions can extend from the cranial portion of the median coeliotomy incision.
Exposure of the diaphragmatic surface of the liver can be improved by exten-
ding the median coeliotomy cranially to the thorax (caudal median sternotomy).
To avoid a sternotomy while still making the liver mobilisation easier, the
diaphragm can be incised (myotomy) to create a pneumothorax. This results in
the diaphragm losing most of its concave shape and in the liver being more
greatly mobilisable caudoventrally. When the procedure is complete, the
diaphragm is closed routinely and the pneumothorax drained. 
In case of massive haemorrhage from the liver, a rapid manoeuvre can stop the
blood flow to the liver. The epiploic foramen, only natural opening of the omen-
tal bursa into the general peritoneal cavity, is localised by reflecting the duode-
num ventrally and medially (to the left). The boundaries of the epiploic foramen
are the caudal vena cava dorsally, the portal vein and hepatic artery ventrally,
the liver cranially and the coeliac artery caudally. By placing a finger into the
omental bursa through the foramen and compressing its ventral edge (hepato-
duodenal ligament), the portal vein (50-75% of blood flow to the liver) and hepat-
ic artery (25-50% of blood flow to the liver) are occluded, which reduces the
hepatic haemorrhage greatly and gives time to address the origin of the bleed-
ing more specifically. This is referred to as Pringle’s manoeuvre. 
Treatment of bleeding liver tumours consists of liver lobectomies, which can be
partial or complete. Considering the extreme potential for regeneration of the
liver, when partial lobectomy is indicated, it can be easier and safer to perform
a complete lobectomy, especially when it concerns one of its left lobes. 
A partial liver lobectomy consists of the excision of only a portion of a hepatic
lobe. The liver capsule is sharply incised along the desired line of section. The
hepatic parenchyma is then bluntly dissected either with a blunt instrument or
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fingers. Large vessels and duct encountered are ligated, clipped or sealed.
Minimal self-resolving haemorrhage is often present on the section surface of
the liver parenchyma after completion of the procedure. If deemed necessary,
topical haemostatic agents (e.g. fibrin, cellulose, collagen or gelatine sponges)
can be placed on the cut surface of the liver to promote haemostasis. 
A complete liver lobectomy consists of the excision of an entire hepatic lobe. This
is achieved by dissection and ligation of the lobar artery, vein and duct at the
level of the lobe hilus. In small dogs and cats, mass ligation can be used for exci-
sion of the left lateral or left median lobes, but isolation and separate ligation of
these structures is recommended for other lobes or in medium-size and large
dogs. Alternatively, a stapling device (e.g. TA stapler) can be used to permanent-
ly occlude these structures without the need to dissect and isolate them. In
either case, the lobe to be excised must be mobilised and freed from any attach-
ments by transecting its ligaments (triangular, hepatorenal) or separating it
from the gallbladder as necessary. Once the vascular and ductal isolation is per-
formed, the liver lobe can be safely transected. 
As a rule, liver lobectomies are easier to perform on left lobes rather than on cen-
tral and right lobes. The main reason is that the vascular pedicle of the left lobes
is longer, which makes isolation of their hilus easier. Resection of liver tumour
extending near or to the hilus of the liver can be technically challenging, espe-
cially for the right lobes. In one study, iatrogenic haemorrhage was the most
common perioperative complication of liver lobectomies, occurring in 24% of
cases, most commonly when resecting right or central lobes5.

Bleeding kidney 
The treatment of renal tumours is nephrectomy, provided the other kidney is
functional. When performing it, a critical step is the identification and isolation
of the renal artery (or arteries) and vein. Depending on the size and extension of
the tumout, this can be best accomplished by elevating the kidney and pivoting
it around its hilar border, in order to expose its dorsal aspect. To achieve this, the
kidney is bluntly dissected free of its attachments to the sublumbar tissues and
pivoted medially. Care must be taken to visualise the hilar vessels well, especially
with the left kidney as it has been shown to have multiple renal arteries in 10 to
15% of cases. 
In case of massive haemorrhage of the kidney, manual compression of the region
immediately medial to the renal hilus is performed to occlude renal vessels.
Alternatively, gross dissection of the hilus can be made to safely place a haemo-
stat for mass occlusion of the renal vessels. 
The renal vessels are identified and either reversibly occluded with bulldog
clamps or Rummel tourniquets, or ligated. It may be useful to reversibly occlude
renal vessels if time is needed to crudely assess the function of the contralateral
kidney (by observing urine flow through its ureteral opening in the bladder, for
instance) before performing the nephrectomy. Definitive occlusion of these ves-
sels is achieved by placement of ligatures or vascular clips, or by use of a vessel
sealing device if their size makes them amenable to it. As a precaution, all liga-
tures and clips placed on the portion of the vessel remaining in the patient are
doubled. When ligatures are used, the second ligature is transfixing to make
sure it will not slip. Once the kidney is isolated, the ureter is ligated as close as
possible from the bladder wall. It is then severed and the kidney and ureter are
removed en bloc. 

Septic peritonitis 
Septic peritonitis is an absolute indication for surgery. An exploratory coelio-
tomy must be performed as soon as the animal is stable enough to undergo sur-
gery. The surgical treatment has two aims: controlling the source of infection
and addressing the damage it has caused (debriding and lavaging the abdomen,
and providing drainage of the peritoneal cavity, if judged appropriate). In addi-

Laurent Findji
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tion, early enteral feeding is another important point in the management of
patients with peritonitis and placement of a type of enteral feeding tube should
be considered at the time of surgery. 
Samples should be taken for bacteriology as often as possible. Pending results,
antimicrobial therapy should be chosen based on the expected flora of the organ
of origin. A wide-spectrum antimicrobial therapy, including anaerobes, should
be used. Associations of several antibiotics are often chosen (e.g. cephalosporins
+ metronidazole). It is important to note that many germs at least partially
responsible for septic peritonitis are resistant to fluoroquinolones, which there-
fore are not recommended6.
Surgical exploration of the peritoneal cavity is performed through a xyphopubic
median coeliotomy. Every abdominal and retroperitoneal organ must be visual-
ly inspected and palpated. In particular, the digestive tract must be attentively
and systematically examined from the cardia to the rectum. 

Controlling the source 
The source of contamination is controlled by repairing it if possible and safe, by
excising whole or a portion of the involved organ if it is expendable, or by
debriding, draining and omentalising it if not. In tumour-related septic perito-
nitis (TRSP), excision of part or whole of the affected organ is the recommended
treatment whenever possible. Specifically, this is achieved through the use of
numerous techniques described elsewhere: enterectomy, gastrectomy, liver
lobectomy, partial pancreatectomy, etc. 

Addressing the damage 
The damage caused by the infection is then addressed. 
The abdomen is debrided as required. Any infected affordable tissues are excised.
Adhesions and compartments in the peritoneal cavity are ruptured and drained. 
The abdomen is thoroughly lavaged to remove debris and reduce the bacterial
load. A minimum of 200 to 300 ml/kg of warm isotonic solution should be used
in first intention. The lavage fluid is then carefully removed from the peritoneal
cavity by suction, as any remaining fluids are an obstacle to opsonisation.
Addition of antibiotics or antiseptics to the lavage solution has not shown any
benefits and may result in cellular toxicity. 
Depending on the level of remnant contamination, the abdomen can be closed
primarily, closed over a draining system or left open (open peritoneal drainage). 
Draining the closed abdomen requires using dedicated devices, such as Jackson-
Pratt drains. Alternatively, if such dedicated drains are not available, the
abdomen can be drained effectively by using two multi-fenestrated large-diame-
ter tubes placed between the liver and diaphragm, and on the latero-caudal
aspect of the inner face of the abdominal wall, respectively. Efforts to prevent
early obstruction of latter tube must be made by tucking and tacking the greater
omentum away from this caudal drain. These two drains allow flushing of the
peritoneal cavity without any need for sedation or general anaesthesia, but are
not considered sufficient in presence of gross contamination. 
Open peritoneal drainage (OPD) is used when gross contamination is still pre-
sent at the end of the procedure. It consists of loosely closing the musculo-fascial
layer of the abdominal wall and protecting the abdomen with sterile bandages.
Reported benefits include more efficient drainage, opportunity to inspect and
debride the abdomen frequently and increase in oxygen tension which hampers
anaerobic bacteria proliferation. It entails a risk for iatrogenic contamination
which could aggravate the initial septic peritonitis. OPD may increase the pro-
tein loss caused by the peritoneal inflammation, although one study OPD was
not associated with more severe hypoproteinaemia compared with primary clo-
sure7. When resorting to OPD, the bandage is changed under strict aspectic con-
ditions once or twice daily. The abdomen is lavaged copiously at least once daily
to maximise the benefits of OPD. Provided the source of peritonitis is controlled,
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the abdomen’s condition most commonly dramatically improves over a few days
and the abdomen can frequently be closed after 3 to 5 days of OPD. 
In practice, OPD is very demanding in terms of postoperative care and nursing.
The risks of complications should not be underestimated. It is advised to limit its
indications to severely infected abdomens and to try to keep its use as short as
possible: generally 2 to 3 days, trying not to go beyond 5 days. Obviously, it is the
condition of the peritoneal cavity that dictates the OPD duration, but the sur-
geon needs to keep in mind that the risk of complications increases over time. 
Another option to consider when resorting to an OPD is not wished is planned
re-exploration. It consists of planning, at the time of the first intervention, to
repeat the exploratory coeliotomy a few days after the initial intervention. This
second exploration will aim at further lavaging and draining the abdominal ca-
vity, as well as reassessing all tissues which were questionable during the first
intervention. This approach allows a better control on the postoperative
abdomen than simple primary closure, while avoiding highly demanding nur-
sing care and decreasing the risks of nosocomial infection compared with OPD. 

Feeding tube placement 
Peritonitis rapidly leads to hypoproteinaemia, hypoalbuminaemia and anaemia.
The safest, easiest and cheapest way of supporting plasma protein levels
throughout treatement is to provide enteral feeding. This must be considered
early in the treatment of peritonitis patients. At the time of surgery, for each
patient, the formulated decision to place a feeding tube, or not, must be made.
On an individual case basis, a nasooesophageal, oesophageal, gastrostomy, gas-
trojejunostomy or jejunostomy tube can then be chosen. 
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Cancer and the Acute Abdomen

David J. Argyle

Introduction
In the majority of cases, cancer involving the abdominal viscera do not present
to the practitioner of specialist oncologist as an acute abdomen. However, this
brief synopsis will discuss the biology of the tumours that can present as an
acute emergency.

Gastrointestinal Tumours:
GI tumours can present in an acute situation usually when there is either
obstruction or there is perforation. The detection (imaging) and surgical
approaches to these conditions are discussed elsewhere in these proceedings.
The following will discuss the biology of the tumours and the role of medical
management:

Tumours of the Oesophagus
• Extremely rare in dogs and cats.
• Signs associated with oesophageal tumours include weight loss, regurgitation

and anorexia. 
• Histologic types include squamous cell carcinoma, leiomyosarcoma, leiomyoma,

fibrosarcoma, lymphoma, and mast cell tumour. 
• Spirocera lupi infestation has been linked to oesophageal sarcoma develop-

ment. 
• Typically, surgery is the treatment of choice. However, resection is often dif-

ficult in this location.
• For malignant oesophageal tumours, prognosis is guarded due to the inability

to control the primary tumour and the high metastatic rate of oesophageal
cancer.

• Roles of radiation therapy and chemotherapy are unknown.

Rarely do Oesophogeal tumours present as an acute emergency. However, the author has seen
a couple of mast cell tumour cases that have presented with acute signs due to degranula-
tion. In the acute case we would treat with anti-histamines and corticosteroids.

Gastric Tumours
Gastric tumours carry an extremely poor prognosis, the most common
histopathological sub-type being adenocarcinoma. The usual presentation is of a
“vague” illness. Chronic vomiting can be a feature, but not always. 

Histologic Type Features

Adenocarcinoma • Most common histologic type in dogs.
• Commonly occurs along the lesser curvature

and at the gastric antrum.
• Reported metastatic rate: 74-80%. Sites of meta-

stasis include regional lymph nodes, liver, omen
tum, spleen, and lungs.

Leiomyoma/leiomyosarcoma • Leiomyomas more common in very old dogs
(~15 years).

• Paraneoplastic hypoglycaemia reported.
• Reported metastatic rate is high. Sites of meta-

stasis include: liver and duodenum.
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Gastrointestinal Stromal • 19% of GIST occur in the stomach.
Tumour (GIST) • ~50% of GIST stain positively for CD117 (c-Kit).

Acute cases may present because of perforation (and in these cases, the author
would recommend euthanasia) or where there is blood loss (which is more often
chronic than acute). Where there is blood loss, there may be a requirement for
medical management (famotadine, sucralfate, H, Blockers). Where there is acute
blood loss, surgical intervention +/- blood products may be required. Considering
the grave prognosis of Gastric tumours, one would have to balance this aggres-
sive therapy against quality of life issue. 
In general, surgery is the treatment of choice for gastric tumours, but rarely do
tumours present that offer the opportunity for a good surgical outcome. GIST
tumours that are CD117+, Tyrosine Kinase inhibitors such as Palladia may have
a beneficial effect, but long-term studies are required.

Instestinal Tumours
• Lymphoma is the most common intestinal tumour in dogs and cats. Other

intestinal tumours include adenocarcinoma, leiomyoma, leiomyosarcoma,
gastrointestinal stromal tumour (GIST), and mast cell tumour.

• Leiomyoma/leiomyosarcoma occurs more commonly in male dogs.
• In reports of intestinal adenocarcinoma in cats, Siamese cats are over-repre-

sented.
• Clinical signs include weight loss, inappetence, vomiting, diarrhoea, melena,

and/or hematochezia.
• Microcytic hypochromic anaemia is also common due to chronic GI blood

loss. Smooth muscle tumours have been associated with paraneoplastic hypo-
glycaemia.

• Typically, surgery is the treatment of choice. However, resection is often dif-
ficult in this location.

• For Smooth muscle tumours and carcinomas, the role of chemotherapy is
unknown. In cases where we do a resection with lymph node removal, we may
offer adjunctive chemotherapy protocols based upon pathology and lymph
node examination. Typically, we would consider short protocols with Doxo-
rubicin or mitoxantrone. However, for lymphoma that is not surgical, we
would consider chemotherapy protocols based upon the CHOP protocol.

Acute cases are rare, but can present because of either obstruction or perforation.

Lymphoma: Where a dog or cat presents with a discrete lesion that has perforated,
then the patients would be taken to surgery for resection and managed accor-
dingly. Where there is obstruction with lymphoma, often this can be relieved
medically (and quickly) by starting the chemotherapy protocol. Where a patient
has diffuse involvement of the bowel, and there is perforation, the prognosis is
grave, as the bowel cannot heal properly.
Adenocarcinoma with either perforation or Obstruction would have to be managed
surgically.

In rare cases, stenting of the colon could be considered. Vet Stent-ColonTM is
designed to palliate malignant obstructions of the colon in companion ani-
mals. Feline and canine versions are available.

Histologic Type Features

Adenocarcinoma • Most commonly occurs in the large intestine. In
the small intestine, the most common location
is the jejunum.

• Metastatic rate is moderate (> 44%). Most com-
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• mon site of metastasis is regional lymph nodes.
Other sites include mesentery, omentum, and
lungs.

Leiomyoma/leiomyosarcoma • Second most common intestinal tumour in
dogs. Most common intestinal locations are
jejunum and cecum.

• Polyuria, polydipsia, anaemia, and hypoglycaemia
are common clinical findings.

• Metastatic rate for leiomyosarcoma is low to
moderate (16-50%). Metastasis most commonly
occurs to abdominal viscera. Sites include:
mesentery, spleen, liver, and lymph nodes.

Gastrointestinal Stromal • 52% express CD117 (c-KIT).
Tumours (GIST) • Large intestine is the most common location.

• Metastatic rate for GIST is moderate (29%).
Metastasis most commonly occurs to abdominal
viscera. Sites include: liver, lymph nodes, and
other abdominal organs.

Treatment Regimes and Prognosis for Canine & Feline Intestinal Tumours

Adenocarcinoma • Surgical excision with wide margins (5 cm on
either side of the tumour) is the treatment of
choice.

• Chemotherapy for systemic disease is reason-
able; however exact role of chemotherapy is
unknown.

• Reported MST for canine SI adenocarcinoma
without mets: 15 months. MST with mets:
3 months.

Leiomyoma/leiomyosarcoma• Surgical excision with wide margins (5 cm on
either side of the tumour) is the treatment of
choice.

• Complete excision is curative for leiomyoma.
• Chemotherapy for systemic disease is reason-

able; however exact role of chemotherapy is
unknown.

• Reported MST for canine leiomyosarcoma with-
out mets: 15-21 months. MST with mets: 2-21.
(Mixed reports about the prognostic signifi-
cance of metastasis at diagnosis.)

Gastrointestinal Stromal • Surgical excision with wide margins (5 cm on
Tumours (GIST) either side of the tumour) is the treatment of

choice.
• Chemotherapy for systemic disease is reason-

able; however exact role of chemotherapy is
unknown.

• Prognosis is guarded.

Liver and Pancreas
• While primary hepatobiliary tumours are more common in cats, metastatic

hepatobiliary tumours are more common in dogs. 
• Of the primary hepatobiliary tumours, malignant tumours are more com-
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mon in dogs, and benign tumours are more common in cats.
• Primary malignant hepatobiliary tumours in dogs and cats include hepato-

cellular carcinoma, biliary carcinoma, neuroendocrine tumour, and sarcoma. 
• Hepatocellular carcinoma is the most common primary hepatobiliary

tumour in dogs. Biliary cystadenoma the most common primary hepatobiliary
tumour in cats.

• Hepatobiliary tumours are also characterized based on morphology. Massive
tumours are large, solitary masses in a single lobe. Nodular tumours are mul-
tifocal and found in several lobes. Diffuse tumours typically involve all lobes
and may result in complete effacement of the hepatic parenchyma.

• Clinical signs include weight loss, inappetence, vomiting, polyuria-polydip-
sia, and possibly ascites. Animals with extensive disease may also present
with icterus and signs of hepatoencephalopathy.

• Typically surgery is the treatment of choice.
• The roles of radiation and chemotherapy are unknown.
• Biologic behaviour and prognosis are dependent on morphology and histo-

logic type.

Acute cases can arise because of Rupture of the bilary tree, ascites, or some-
times hypoglycaemia.

Treatment Regimes and Prognosis for Hepatobiliary Tumours

HCC • Recommend surgical excision for massive tumours
easily excised with liver lobectomy.

• With surgical treatment, prognosis for massive
HCC is good. Local recurrence and metastatic
rates are generally low.

• In one study of dogs with massive HCC treated
with surgery, MST was not reached (>1460 days),
whereas MST for dogs treated conservatively was
270 days. Prognostic factors include surgery as
part the treatment protocol, side of liver involve-
ment (dogs with right sided tumours do worse
perioperatively), alanine transferase (ALT) and
aspartate transferase (AST) activity, and ratios of
alanine phosphatase (ALP) to AST and ALT to AST.

• Nodular and diffuse HCC are typically non-resec-
table due to extent to disease.

• The role of chemotherapy and radiation in the
treatment of HCC is unknown.

BC • Recommend surgical excision for massive
tumours easily excised with liver lobectomy.

• However, even with surgical treatment, progno-
sis is guarded to poor. Local recurrence and
metastatic rates are generally high, and survival
times are short.

• Nodular and diffuse BC are typically non-
resectable due to extent to disease.

• The role of chemotherapy and radiation in the
treatment of BC is unknown.

Neuroendocrine Tumour • Recommend surgical excision for tumours easily
excised with liver lobectomy. However, the
majority are non-resectable due to extent of
disease.
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• Prognosis is poor because this disease is highly
metastatic. Survival times are short.

• The role of chemotherapy and radiation in the
treatment of neuroendocrine tumours is unknown.

Sarcoma • Recommend surgical excision for massive
tumours easily excised with liver lobectomy.
However, even with surgical treatment, progno-
sis is guarded to poor. Local recurrence and
metastatic rates are generally high, and survival
times are short.

• The role of chemotherapy and radiation in the
treatment of hepatobiliary sarcomas is unknown.

Exocrine Pancreatic Tumours
• Exocrine pancreatic tumours are rare in dogs. The incidence is slightly higher

in cats.
• Adenocarcinoma is the most common histologic type. Benign exocrine pan-

creatic masses include adenomas and pseudocysts.
• Surgical resection is the treatment of choice. However, many animals have

evidence of metastatic disease at the time of diagnosis. In these cases, surgery
should only be performed for palliative reasons. 

• The role of chemotherapy is unknown. However, in a limioted number of
cases the author has used protocols based upon Gemcitabine.

• Pancreatic tumours are locally invasive, and the metastatic rate is very high.
• Common metastatic sites include regional lymph nodes, liver, and peritoneal

cavity.

Massive Lymphadenopathy
Some dogs will present with acute signs referable to massive lymphadenopathy
cause obstruction (mainly of large bowel with lumbar lymphnodes). This is often
secondary to tumours of the anal sac or from sertoli cell tumours. Surgical resec-
tion is the fastest way to alleviate this, but often not feasible. Shrinkage and alle-
viate can be achieved with either chemotherapy (Carboplatin) which allows
shrinkage in about 50% of cases. Alternatively consider shrinkage with external
beam radiation.

Malignant Abdominal Effusions

Present with:
- Distended abdomen
- Fluid thrill or wave
- Lethargy

Diagnosis
- History and clinical signs
- Diagnostic Imaging (radiography, ultrasound)
- Fluid analysis

- Cytology of fluid may be helpful
- May require:

- Laparoscopy
- Exploratory surgery

Differential Diagnosis
- Ruptured haemangiosarcoma
- Transcoelomic metastasis of a malignant epithelial tumour (carcinomatosis):

- Ovarian neoplasia
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- Gastrointestinal neoplasia
- Hepatobiliary neoplasia
- Pancreatic neoplasia

- Lymphoma
- Mesothelioma

- For malignant effusions where an underlying cause cannot be found or if pal-
liation is required, then intracavitary or systemic chemotherapy can be consi-
dered.

- Drugs that have been used include cisplatin, carboplatin and mitoxantrone. 
- Recommend referral to specialist oncologist.

Haemangiosarcoma
• Malignant tumour arising from vascular endothelium.
• Spleen is the most common primary site of haemangiosarcoma.
• The classical presentation is a solitary cavitated lesion which bleeds causing

haemoperitoneum and hypovolaemic collapse.
• This tumour readily metastasises to liver and other areas of the abdominal

cavity and to lungs. 
• Cutaneous metastases can be seen but this tumour also has a primary cuta-

neous form.
• Splenic lesions are found concurrently with right atrial lesions in about 25%

of cases.
• Haemangiosarcoma is seen more commonly in large breed dogs, and is par-

ticularly associated with the German shepherd dog.
• The median age of affected animals is 10 years old.
• Dogs with haemangiosarcoma frequently have coagulation abnormalities

such as DIC (50% of cases) or thrombocytopenia (75% of cases) and often are
anaemic.

• CBC and coagulation profile, serum biochemistry, ultrasonography of abdomen
especially liver as well as spleen, and assessment of heart for right atrial
lesions is necessary to stage these cases.

• Haematology may show polychromasia, hypochromasia, reticulocytosis,
schistocytes, and nucleated RBC’s on blood smears.

• Even with treatment the prognosis is grave. Low Grade and Stage 1 have a
slightly improved prognosis.

Treatment 

Treatment Median survival times

Splenectomy alone (stage1 or 2) 86 days 

Splenectomy plus VAC* 164 days 

Splenectomy plus AC* 179 days 

Splenectomy plus doxorubicin 60 days if evidence of gross disease
after splenectomy
172 days if no evidence of further
disease

*stage unknown

VAC: vincristine, doxorubicin, cyclophosphamide, (plus chlorambucil and
methotrexate)

AC: doxorubicin, cyclophosphamide
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The most promising results have used MMTP as an adjunct. Currently not
available but recently licensed in Europe for children with OSA.

Tumours of the Urinary Tract
Can present acutely because of Obstruction

Bladder Tumours
• Surgical intervention to perform a variety of palliative, urinary bypass proce-

dures may be possible in order to relieve urinary obstruction and are better
described in dogs than in cats. Examples include cystectomy with uretero-
colonic anastomosis or ureterourethral anastomosis, transabdominal cystoto-
my catheter placement, transurethral urethrotomy. These are not detailed here.

• Extended survival period can be achieved but the likelihood of a cure is
remote unless a benign tumour can be completely excised.

• In general, treatment of lower urinary tract tumours aims to control clinical
signs and improving quality of life.

• This is achieved by slowing down the rate of primary tumour growth and /or
reducing the bulk of the primary tumour.

• In turn, pelvic outflow obstruction, the likelihood of secondary bacterial 
infection and discomfort will be reduced.

• Treatment is unlikely to affect the metastatic rate or alter disease progression
and survival times once gross metastasis is detected.

• Treatment may be warranted in the face of metastatic disease in order to con-
trol clinical signs associated with the primary tumour.

Treatment - Surgery
• Before treatment commences histological confirmation of diagnosis is

required.
• The aims of surgery should be clearly defined i.e. surgery to achieve palliative

relief of obstruction vs. definitive surgery to attempt a cure.
• Similar, palliative effects can be achieved without surgery in many cases

which avoids the morbidity associated with urinary tract surgery.
• Any tumour type where multifocal disease which involves the trigone is

unlikely to be amenable to curative surgery unless transplantation of the
ureters is achieved. Consider referral for a specialist surgical opinion.

• Benign tumours may be cured by surgery. Consider referral for a specialist
surgical opinion.

• Surgery is very unlikely to be curative for malignant tumours. 
• The majority of bladder tumours are malignant transitional cell carcinoma,

which are often either multifocal and may also metastasise. In dogs especially,
these tumours often involve the trigone making reconstructive surgery pro-
blematic. For these tumours non-surgical treatment is appropriate. 

• Adjuvant treatment with chemotherapy and/or radiotherapy may be required
for malignant tumours treated with surgery. This will depend on histological
assessment of margins.

• Surgical seeding into the abdomen or laparotomy incision site is possible
with surgery for TCC. Clean instruments should be used for would closure
and packing and/or flushing of the surgical site is warranted.

Treatment - Chemotherapy
• Before treatment commences histological confirmation of diagnosis is required.
• Chemotherapy is relatively well described and established in dogs, but not in

cats.
• Chemotherapy avoids the morbidity associated with surgery and radiotherapy,

is generally well tolerated and can improved quality of life and survival times.
• Chemotherapy is the treatment of choice for the majority of dogs with tran-

sitional cell carcinoma of the bladder or urethra. It may also be used in cats.
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• The best results for dogs so far have been obtained with a combination of
mitoxantrone given systemically plus a COX-2 inhibitor (such as piroxicam or
meloxicam).

• Haematological and GI toxicity may be expected in up to 20% of dogs treated.
• Renal function should be monitored when COX-2 inhibitors are used.
• Platinum based drugs have no treatment advantage over mitoxantrone and

may accelerate renal compromise in patients with pre-existing renal disease
or pelvic outflow obstruction. 

Treatment - Radiotherapy
• Before treatment commences histological confirmation of diagnosis is required.
• The optimum radiotherapy schedule has yet to be determined.
• Currently, radiotherapy has a limited application in the treatment of lower

urinary tract tumours in dogs. Radiotherapy has not been reported in the
management of feline bladder tumours.

• Conventional fraction sizes used in most fractionated veterinary treatment
protocols and large single intra-operative doses are likely to result in bladder
fibrosis and treatment associated morbidity. 

• Studies to date combining radiotherapy with chemotherapy or surgery for
canine bladder tumours are disappointing. The addition of weekly fractionated
radiotherapy to a standard mitoxantrone plus piroxicam protocol did not 
improve outcome over that expected with chemotherapy alone.

• Intra-operative therapy with large fractions has little benefit.

Outcome for treatment of TCC in dogs

Modality Details of Treatment Outcome

Surgery Complete excision Median survival 12-13 months

Surgery Incomplete excision Survival 1-5 months

Surgery + radiotherapy Intra-operative RT Median survival 15 months

Surgery + X Median survival 11 months
chemotherapy

Chemotherapy Piroxicam Median survival 12 months
(0.3mg/kg SID, PO)
Mitoxantrone
(5mg/m2 q 21days, IV)

Radiation + Piroxicam, mitoxantrone No advantage over 
chemotherapy plus weekly fractionation chemotherapy alone

Outcome for treatment of TCC in cats
• There is a paucity of information describing treatment of feline bladder

tumours.
• Surgery has been attempted without long term survival in malignant disease,

but may be indicated for benign disease which is away from the trigone
region.

• Cats will tolerate systemic anticancer treatment with mitoxantrone at a dose
rate of 6.5mg/m2 q 21 days, IV which could be used to treat TCC, although
reports are anecdotal.

• Similarly there are anecdotal reports of the use of COX-2 inhibitors such as
meloxicam and piroxicam in cats with TCC, although care is needed with



44 ONCOlogisch Treffen 2011

David J. Argyle

long term dosing. The dose of piroxicam in cats is 0.3mg/kg q48hours, PO in
cats.

Prognosis - Lower Urinary Tract Tumours in dogs and cats
• Without treatment of any kind, survival although variable, is not expected to

be beyond a few months in both species.
• Animals are most often euthanased due to progression of the primary tumour

when clinical signs cannot be controlled.
• Metastasis from malignant tumours occurs in approximately 30-60% of TCC,

but are infrequently detected at presentation in both species.
• For interventional therapy to be deemed effective, survival beyond that

expected with best supportive care must be achieved.
• In dogs, outcome depends on several factors
• Size of primary tumour
• Presence or absence of regional metastasis
• Presence or absence of distant metastasis
• Histological grade
• These prognostic factors are also likely to be applicable to cats
• Response to chemotherapy is another good predictor of outcome, with non-

responders likely to do far worse than dogs who do respond to therapy.

Obstruction
In cases where conventional therapy fails to relieve obstruction, it is possible
(assuming quality of life issues have been addressed) to place an indwelling ‘per-
manent’ catheter for stenting the urethra. These are quite expensive and need
great care in placement (usually placed using fluoroscopy).

Testicular Tumours
- Interstitial cell tumours are the most common tumours and are often only

found at post mortem examination as an incidental finding.
- Seminomas cause enlargement of the testicle but are rarely accompanied by

systemic signs. They can be locally invasive, especially when they occur in
abdominal testes. The opposite testis is usually atrophied.

- Sertoli cell tumours also cause testicular enlargement and atrophy of the
other testis. They are usually oestrogen producers and are accompanied by
clinical signs associated with hyperoestrogenism. These include

Mesh for stenting
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- Attractiveness to other male dogs, 
- bilateral flank hair loss, 
- Preputial oedema and 
- Gynecomastia. 
- About 20% are malignant.

- Cryptorchidism is a risk factor for both seminomas and sertoli cell tumours
- Boxers, German Shepherds and Weimeraners appear to be at increased risk of

development.
- All tumour types have a low metastatic potential. The greatest potential is

with seminomas and sertoli cell tumours (reported at 15-20%).
- Metastasis is usually to regional draining lymph nodes, then ultimately to

liver, lungs, spleen, kidney, adrenal glands and pancreas.

Treatment:
- For all types, orchectomy with scrotal ablation is the treatment of choice.
- Unilateral orchectomy can not be recommended
- Cryptorchid testicles need to be removed by laparotomy.
- For dogs with bone marrow dyscrasias, the prognosis is guarded. They may

require supportive care for several weeks. The bone marrow may not recover.
- For dogs with metastatic disease, the prognosis is poor. In these cases, consider

specialist referral for:
- Chemotherapy alone (possible platinum based compounds)
- Chemotherapy + Radiation to the local lymph nodes.

Sertolin cell tumours can be associated with anaemia and severe thrombocy-
topaenia. Usually associated with Sertoli cell tumours (rarely seminoma)

- More often associated with intra-abdominal neoplasia.
- Major problems with anaemia and thrombocytopaenia may arise of surgery

is being considered
- Consider;

- Whole blood transfusion prior to therapy
- Vincristine 0.5mg/m2, to increase platelet budding from the megakaryocyte
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Pfizer presentation Palladia

Prof. Dr. David Argyle

Introduction
Prof. Dr. David Argyle zal aan de hand van zijn persoonlijke ervaringen met Palladia ingaan op gebruik
van het middel bij honden. De tekst op de volgende pagina’s bevat een overzicht van de gebruiksin-
structies zoals opgesteld door Pfizer Animal Health.
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Cancer-Related Emergencies
Disturbances in Electrolytes, Calcium and Glucose

David J. Argyle and Rebecca Kirby

Introduction
Disturbances in electrolytes and key metabolites in cancer can be considered
paraneoplastic syndromes.
A paraneoplastic syndrome is strictly defined as an unusual or unexpected con-
sequence of a tumour; usually, but not always, as the result of secretion of a hor-
mone, cytokine, or hormone-like substance. Examples include paraneoplastic
hypercalcaemia due to secretion of parathyroid hormone related protein
(PTHrP); paraneoplastic polycythaemia due to inappropriate secretion of ery-
thropoietin; and paraneoplastic extreme neutrophilia due to secretion of one or
more bone marrow colony stimulating factors. Some writers relax the definition
of paraneoplastic syndromes to include unsurprising consequences of tumours,
such as hypoglycaemia in patients with insulinoma, non-regenerative anaemia
in patients with oestrogen-secreting ovarian tumours or gastric ulceration in
cases of mast cell tumour.
Paraneoplastic syndromes are fascinating but sometime confusing to clinicians.
Awareness that they can exist will help to reduce the likelihood of misdiagnoses.
Since hypercalcaemia is one of the most important of all paraneoplastic syn-
dromes, it will be covered in detail here. Brief notes on a few other paraneoplas-
tic syndromes are then provided.
This section describes the main clinical and pathological features of paraneo-
plastic syndromes, PNS, in dogs and cats, including algorithms for treatment.
The main aims of this chapter are:
-1. An appreciation of the diversity, complexity and clinical relevance of PNS
-2. Recognition and treatment options for the most common PNS. 

Key Points
- Paraneoplastic syndromes (PNS) represent diverse clinical syndromes resulting

from systemic effects of neoplasia.
- The effects occur at sites distant from the tumour and can affect many end-target

organs.
- Syndromes include hormonal, metabolic, haematologic, neuromuscular, der-

matologic, musculoskeletal, renal, gastrointestinal and cardiovascular disor-
ders.

- PNS may occur as a result of 
- Immune-mediated mechanisms, 
- Peptide, protein, ectopic or eutopic hormone secretion, 
- Protein hormone precursor or cytokine secretion, 
- Production of enzymes or other biochemical mechanisms which interfere
- with normal metabolic pathways.

The Presence of PNS May affect: 
Diagnosis: 
- may be detected incidentally as an indicator of occult malignancy
- features may direct the examination by suggesting a particular tumour type 

Management:
- may present as true oncologic emergencies
- successful treatment requires a parallel approach to both PNS and tumour
- may be difficult to differentiate from adverse effects of therapy

Prognosis:
- co-morbid disease is often a negative prognostic factor
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- reduced performance status may preclude specific therapy with knock on effects
on survival 

Quality of life: 
- increased morbidity and deleterious long term effects 
- impact on recovery and hospitalisation times with increased complexity of

interventions 
Tumour response may parallel that of the PNS:
- As a marker of clinical remission 
- As a marker of relapse

Hypercalcaemia
• Hypercalcaemia may be defined as an excessively high concentration of total

calcium in blood. 
• It is an important consequence of several companion animal diseases, most

notably various forms of cancer. It sometimes alerts the clinician to the pre-
sence of a serious underlying disorder, allowing early treatment to begin. On
the other hand, hypercalcaemia is itself a pathological state and can cause con-
siderable harm in its own right.

• In normal animals, the blood concentration of calcium ions is rather tightly
regulated by an interplay of homeostatic hormones that influence calcium
and phosphorus metabolism. 

• The most important of these hormones are parathyroid hormone (PTH), active
vitamin D (calcitriol) and, to a lesser extent, calcitonin. PTH increases calcium
mobilisation from bone, increases calcium reabsorption by the kidney and
increases production of calcitriol by the kidneys, which in turn increases gas-
trointestinal calcium absorption. Overall, PTH has the effect of raising the 
blood calcium concentration. Active vitamin D (calcitriol; 1,25- dihydroxy-
cholecalciferol), which is produced in the kidneys, increases calcium and phos-
phorus absorption by the small intestine and exerts negative feedback regulation
on PTH synthesis and secretion. The net effect of high doses is to increase blood
calcium concentration. Calcitonin inhibits bone resorption by osteoclasts,
thus lowering blood calcium concentration. It is secreted rapidly in response
to hypercalcaemia and has been described as an ‘emergency’ hormone to prevent,
for example post-prandial hypercalcaemia. Calcitonin can be used to treat
hypercalcaemia, but unfortunately osteoclasts become resistant to its effects
after a few days. The importance of calcitonin in day-to-day calcium homeo-
stasis is thought to be much less than that of PTH and calcitriol.

Calcium regulation and pathophysiology of hypercalcaemia of malignancy
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Definition
• Total calcium, the value reported by most standard serum chemistry analysers

and veterinary laboratories, consists of protein-bound calcium (about 45% of
the total), complexed calcium (usually 5-10%) and ionized calcium (about 50%).
It is the ionized fraction that is physiologically most important. 

• A change in the plasma protein concentration, particularly that of albumin,
will change the total calcium concentration in the same direction, without
having any effect on the concentration of ionized calcium. 

• Best to measure serum ionized calcium. 
• Hypercalcaemia, when associated with an increase in the ionized calcium frac-

tion, can cause a range of pathophysiological effects. The chief effects are upon
renal, cardiovascular, neuromuscular and gastrointestinal functions. 

• Disordered calcium homeostasis can have important detrimental effects because
calcium ions are involved in so many physiological processes:

- neuromuscular activity,
- blood coagulation, 
- complement activation, 
- exocrine and endocrine secretory
- structural integrity of bone. 

Clinical Features:
• The most commonly recognised clinical signs of hypercalcaemia are poly-

dipsia, polyuria, weakness and depression.
• Neurological signs
• Cardiac Dysrhythmias
• Weakness
• Vomiting, anorexia, constipation

Differentials:
• Artifact
• Malignancy

- Lymphoma is the single most common cause in dogs. Other well-recognised
malignant causes of canine hypercalcaemia include multiple myeloma and
various carcinomas.

- Anal sac adenocarcinoma
- Primary tumour of the parathyroid gland 
- It has been shown that certain tumours of rodents, dogs and humans ela-

borate a parathyroid hormone (PTH)-like protein, termed PTH-related pro-
tein (PTHrP). This protein circulates in the blood and interacts with PTH
receptors in several tissues to produce an increase in the blood ionized cal-
cium concentration. A reliable test for canine PTHrP is available. 

- The canine tumours that have been shown to cause humoral hypercalcaemia
via PTHrP are lymphoma and apocrine anal sac adenocarcinoma.
Approximately 80% of dogs with anal sac adenocarcinoma and 10 to 20% of
dogs with lymphoma are hypercalcaemic

Total Blood Calcium

Diffusible Calcium Protein-bound Calcium

Ionized Calcium Complexed Ca
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• Primary hyperparathyroidism
• Renal failure
• Hypoadrenocorticism
• Toxin ingestion

Diagnostic Approach:
• Physical examination (nodes, rectal examination)
• Hypercalcaemia may be detected during the diagnostic work-up of a patient

with clinical signs referable to hypercalcaemia (e.g., polydipsia / polyuria, weak-
ness, vomiting) or it may be an incidental finding. Either way, spurious, arti-
factual and age-related effects should be considered at the outset and ruled out
by application of the correction formula (above) and, if necessary, by repeat
blood sampling.

• If blood or serum ionized calcium can be conveniently measured, it can be done
at this stage. 

• If a tumour is found or suspected at this stage, biopsy (fine needle, incisional
and/or excisional) and imaging (of the chest, abdomen and primary mass
lesion) for assessment of the nature and extent of disease should be consi-
dered. Routine haemogram, serum biochemistry profile and urine analysis
will help to identify concurrent disorders, be they related or unrelated.

• If the cause of hypercalcaemia remains entirely obscure at this stage, body cavity
and skeletal imaging and routine laboratory investigations may still prove
fruitful. 

• If the cause of hypercalcaemia still remains elusive at this stage (as it sometimes
does) bone marrow aspirate(s) can be examined for evidence of malignancy,
most likely lymphoid.

• If this fails to reveal a malignant cause, blood can be submitted for assay of
PTH, PTHrP and ionized calcium. PTH and PTHrP levels must be interpreted in
light of the concentration of ionized calcium in a simultaneously drawn blood
sample. Some animals with suspected primary hyperparathyroidism have a
plasma PTH concentration near the middle of the ‘reference range’. At first
glance one might be tempted to use this result to rule out primary hyper-
parathyroidism. However, such a mid-range value is too high if the animal has
concurrent ionized hypercalcaemia and actually confirms a diagnosis of pri-
mary hyperparathyroidism. Most animals with chronic renal failure predictably
have a high blood PTH concentration (due to renal secondary hyperparathy-
roidism). In these animals, a normal or low serum ionized calcium usually
helps to distinguish renal secondary hyperparathyroidism from primary
hyperparathyroidism.

Treatment options
• Treatment of hypercalcaemia should ideally be directed towards the underlying

cause. However, it will be evident from the foregoing that identification of the
underlying cause is not always straightforward. Therefore treatment options
that ameliorate the hypercalcaemia itself without confounding diagnostic
efforts have a place, particularly in the early stages of therapeutic management.

• Severe hypercalcaemia (particularly when there is concurrent hyperphospha-
taemia) is usually treated aggressively with a combination of generous (about
1.5 to 2 x maintenance) intravenous sodium-replete isotonic fluid (such as 0.9%
sodium chloride solution) and the loop diuretic frusemide (2 to 4 mg/kg PO
BID to TID). Establishment and maintenance of optimal hydration and glomerular
filtration rate in a hypercalcaemic patient will help to reduce the attendant
nephrotoxicity and encourage calciuresis. Loop diuretics also effectively induce
calciuresis, so long as the sodium lost in urine is promptly replaced. Thiazide
diuretics can cause hypercalcaemia and should be avoided. However, extreme
care should be taken when fluid loading patients with pre-existing, suspected
or developing oliguria or heart disease.
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• Salmon calcitonin (Calcimar™, Micalcin™; 4 to 8 U/kg SC every 2 to 4 hours or
as needed) can have a powerful but transient blood calcium-lowering effect. It
usually becomes ineffective after a few days. In the past, it has sometimes been
used in combination with an osteoclast-poisoning bisphosphonate drug
(pamidronate disodium, 1 mg/kg IV given once, diluted in saline, and infused
over 4 hours). Serum calcium concentrations decline within 24 - 48 hours of
giving pamidronate. 

• Test therapy with anti-neoplastic chematherapeutic agents (such as L-aspara-
ginase) is sometimes employed as a combined diagnostic and therapeutic manage-
mental approach. 

• Lastly, glucocorticoids (prednisone, 1 to 2 mg/kg PO BID) are useful when the
cause of hypercalcaemia is known. Amongst their other effects, glucocorti-
coids antagonise the calcium-absorbing effects of calcitriol in the gut. They are 
best avoided if unconfirmed lymphoma is ‘lurking in the background’ as a possible
cause of the hypercalcaemia since their use may confound further diagnostic
efforts. However, their use sometimes cannot be avoided.

Treatment Mode of Action Moderate to severe Comment
clinical signs

IVFT 0.9% NaCl restore ECF volume, 100-150 ml/kg/day effect in hours; volume
hGFR, overload risk (cardiac,
hcalciuresis renal dysfunction,

hypoalbuminemia);
supplement potassium

Frusemidea itubular Ca2+ 2-4mg/kg bid/tid effect in hours; ensure
reabsorption at the IV/SQ/PO volume expansion
Loop of Henle before use; supplement

potassium

Cortcosteroid effect in hours; may
- dexamethasone inhibits OAF & vitamin 0.1-0.25mg/kg bid hamper diagnosis by

D;igut absorption, IV/SQ early use; may induce
bone resorption & multidrug resistance

- prednisolone hrenal Ca2+ excretion 1mg/kg sid/bid PO

Calcitonin salmon-derived or D: 4-8 IU/kg bid/tid SQ effect in hours; short-
synthetic; ibone acting; emesis &
resorption C: 4U/kg bid SQ refractoriness are

common;
hypersensitivity

Bisphosphonates
- pamidronate bind Ca2+ to D: 0.75 - 2.0mg/kg IV in onset in 24 hours; risk

hydroxyappetite saline 2 hr c.r.i. hypo Ca2+/PO4/K+/Mg2+,
crystals;ibone renal failure
resorption; some
analgesic +/- anti-
tumour effect

- zoledronate D: 0.25mg/kg IV in
- clodronate saline 15 minute c.r.i.

Sodium bicarbonate promotes alkalosis; h 1 mEq/kg IV slow bolus blood gas analysis
protein bound Ca2+ infusion; then 0.3x base indicated; only mild Ca2+

fraction deficit x weight in reduction; short-lived
kg/day. effect

H2 receptor antagonist
- ranitidine D: 2mg/kg bid IV/PO

C: 3.5mg/kg bid IV/PO
- famotidine 0.5-1.0mg/kg sid PO

- Dopamine inotrope; D: 2-10ug/kg/min
restore urine output, IV c.r.i
treat oliguric renal
failure C: 1-5ug/kg/min

IV c.r.i
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Paraneoplastic hypoglycaemia
Apart from insulin-secreting islet cell tumours, hypoglycaemia is seen in
patients with large liver tumours, particularly hepatic carcinomas; and in
patients with leukaemia (where the hypoglycaemia may be, at least in part, a
consequence of in vitro consumption of glucose by the massively numerous cir-
culating white blood cells). Patients with insulinomas and large liver tumours
tend to exhibit clinical signs of hypoglycaemia, whereas leukaemic patients do
not. After seizures, hind limb weakness and collapse are the most common cli-
nical signs of hypoglycaemia noticed by clients.
Clinicians should consider the possibility of artifactual lowering of blood glu-
cose and rule that possibility out. If the hypoglycaemia seems real, routine blood
work, careful abdominal palpation and, possibly, abdominal x-rays or ultra-
sound examination are in order. Insulinomas are usually too small to see with
conventional imaging studies, but large liver tumours can be ruled out this way.
Liver tumours generally cause paraneoplastic hypoglycaemia by production of
large insulin-like growth factors.

Main clinical features of Hypoglycemia
Clinical signs of hypoglycemia 
• may be associated with exercise by increased glucose use 
• may occur with fasting by decreased glucose availability
• may occur after feeding by stimulation of insulin secretion 
• may be neuroglycopenic, or
• compensatory adrenergic due to catecholamine release. 
The severity of clinical signs depends on:
1) the absolute level,
2) the rate of fall,
3) the underlying cause,
4) metastatic disease, and 
5) the duration of hypoglycemia.

Diagnosis and treatment of hypoglycaemia
• Irrespective of the aetiology, supportive therapy and investigations are initiated

in a parallel approach to management of hypoglycemia and the underlying
tumour.

• Surgery is the treatment of choice, partial pancreatectomy for insulinoma
with metasectomy as required, and radical resection for other tumours.

• Prognosis is good for benign tumours and where neurological damage is
reversible.

α cell glucagon

gluconeogenesis

β cell insulin

→ glucose uptake by 

peripheral tissues 

blood
glucose

blood
glucose

Food

→
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Islet β-Cell Tumours of the Pancreas
Key Points
- Uncommon tumours in dogs and cats
- Clinical syndrome of hypoglycaemia arises through excessive secretion of

insulin
- 50% of insulinomas metastasize to local lymph nodes, and liver, with pulmonary

metastasis being uncommon
- Can be identified as a diffuse tumour of the pancreas, a nodule, or multiple

nodules.
Exploratory Surgery:
- Diagnosis, staging and removal of tumour
- Pre-treatment medical management is required:

- Frequent small meals (slow release carbohydrate/protein)
- Glucocorticoid therapy
- +/- IV dextrose in severe cases
- +/- continuous infusion of glucagon

- Include biopsy of potential sites of metastasis

Where surgery is not an option:

Medical Management:
- Also used where there is recurrent hypoglycaemia after surgery
- Frequent feeding
- Prednisolone 0.25mg/kg every 12 hours

Diazoxide:
- Inhibits insulin secretion and has been used to control clinical signs (especially

in patients with metastatic disease)
- Difficult to obtain and expensive

Chemotherapy
- Streptozotocin is a nitrosurea alkylating agent that is islet b-cell specific.
- Highly nephrotoxic and required a diuresis protocol
- Should only be used by a specialist oncologist
- May be beneficial in patients with non-surgically respectable disease or following

incomplete surgery

- Dogs that undergo surgical excision do better than those that are man-
aged medically, even if only part of the tumour is removed

- Dogs with no metastasis have a median survival time of 18 months, com-
pared to 7-9 months for those identified with metastatic disease

Paraneoplastic effects of mast cell tumours
Mast cell tumours may contain heparin, histamine and other vasoactive amines;
chymase; tryptase; chondroitin sulphate; leukotrienes; and prostaglandins.
Systemic illness associated with mast cell tumours is usually due to hyperhista-
minaemia. Histamine can bind to H2 receptors on gastric parietal cells stimula-
ting excessive hydrochloric acid production. Subsequently, gastric ulceration
may ensue. Histamine can also bind to H1 receptors within arteriole walls, lea-
ding to vasodilation and systemic hypotension. In addition, histamine is capable
of increasing capillary porosity, leading to oedema or shock. There may be exces-
sive haemorrhage and/or delayed wound healing around the time of surgical
excision. Hyperhistaminaemia may be treated with diphenhydramine, which
blocks H1 receptors and with ranitidine, cimetidine, or famotidine, which block
H2 receptors.
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Critical Electrolyte Disorders in the Cancer Patient

Electrolyte abnormalities are an important factor in the survival of critical
patients. Sodium, potassium, magnesium, calcium, and/or phosphorus disequi-
librium can cause serious alterations in cellular function and lead to life-threat-
ening complications. The electrolyte disorder can occur as a specific result of the
substances produced by the cancer; inadequate intake of fluid and electrolytes
during cancer growth; as a consequence of the clinical signs of the cancer (eg.
vomiting, diarrhea, increased respiratory secretions, polyuria); complication of
organ failure due to the cancer (eg. renal failure, licver failure); or a side-effect of
radiation or chemotherapy. The most life-threatening electrolyte disorders will
be presented, with an emphasis on the emergency stabilization of the animal
rather than diagnosing the underlying disorder. 

Sodium Disorders
Blood sodium concentrations reflect the ratio of sodium to water in the extracel-
lular fluid (ECF) and accounts for most of the osmotic particles in the serum. The
water concentration is primarily regulated by antidiuretic hormone (ADH)
which is responsible for the absorption of free water in the distal convoluted
tubule and collecting ducts in the kidney. Abnormalities in ADH will lead to
abnormalities in water, and be reflected in the serum sodium concentration. It
is also possible for the animal to have an absolute sodium increase or decrease. 
Algorithms are presented for the management of hypernatremia and hypona-
tremia. The most life-threatening consequence of sodium disorders and their
treatment is excessive movement of water into or out of the brain cells in
response to the osmotic shift that sodium causes in the interstitium and blood.
A high interstitial sodium will draw water out of the cells, causing cell shrink-
age. In response to this, the cells will make idiogenic osmoles so that intracellu-
lar osmolarity is similar to the extracellular hyperosmolarity. A low interstitial
sodium will cause water to move from the interstitium into the cell where the
sodium concentration is higher. This can lead to dangerous cell swelling and
cerebral edema. The key to surviving sodium disorder is to manage clinical signs
and restore the osmolar balance slowly! 
Initial resusciation with sodium containing fluids is important to prevent rapid
sodium shifts. The addition of hetastarch, a large molecular weight colloid, will
allow the filling of the capillaries with a fluid that will primarily remain in the
intravascular space, rather than extravasate into the interstitium. This helps to
prevent rapid water shifts into or out of the cell as a consequence of dramatic
fluid shift between the cell and interstitium. 

HES

Water

Na+

HES

0.9% NaCl
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Hyponatremia (Na+ < 130 mEq/L)
One cause of hyponatremia in the cancer patients may be inappropriate secre-
tion of ADH (more retention of water than sodium). However, some human patients
may have hyponatremia in spite of increased total body sodium and absence of a
defect in water diuresis, designated as “sick cell syndrome” or essential hypona-
tremia.
It is important to assess the cardiovascular perfusion and to initially resuscitate
using 0.9% saline and a large molecular weight colloid such as hetastarch.
Oxygen supplementation is of benefit. A search for causes of hypoperfusion is
done and identified problems managed.
Serum osmolality aids in identifying the origin of hyponatremia. Hypo-osmolar
serum (osmolality < 280 mosm/L) suggests total body water in excess o sodium.
This can be due to excessive water intake, inappropriate reabsorption of water in
proportion to sodium, or failure to reabsorb sodium by the kidney. Severe signs
include stupor, coma, seizures, or dementia, with a very high morbidity and
mortality rate.
Once perfusion is restored, hydration is assessed and the interstitial volume
replaced with isotonic saline. Hyponatremia (<115 mEq/L) in a patient with
severe neurologic alterations may require additional sodium supplementation
and possible treatment with ADH or its analogs. Hypertonic saline (3%) can be
used and the sodium deficit calculated using the following formula:
(140 - measured Na+) x 0.3 x kg body weight = mEq/L Na+ deficit.
This should be replaced slowly, over 12-24 hours. Rapid replacement has resul-
ted in central pontine myelinolysis. All precautions are taken to minimize cere-
bral edema and reduce intracranial pressure.
When severe neurologic signs are associated with normal or excessive intravas-
cular fluid volume, furosemide is used to promote renal water excretion.
Sodium can be supplemented as described above. Hypokalemia may result
requiring potassium supplementation. When water excess is not responsive to
diuretic therapy, peritoneal dialysis may be effective.
Mild signs most commonly manifest as generalized weakness and mental depres-
sion. Hypovolemia is best managed with normal saline volume replacement.
When excessive water intake or renal retention results in normovolemia or
hypervolemia, water restriction is effective therapy.
Underlying disease entities such as nephritic syndrome, liver cirrhosis, conges-
tive heart failure, and renal failure can lead to hypo-osmolar hyponatremia with
resultant peripheral edema. Other causes include hypothyroidism, glucocorti-
costeroid deficiency, mineralocorticoid deficiency, and inappropriate release of
ADH and typically do not present with edema. It is important to identify the
underlying disease and treat accordingly.
Hyponatremia associated with normal serum osmolality (pseudonyponatremia)
is due to other serum substances which provide a dilutional factor. Lipemia,
hyperglycemia and hyperproteinemia can each attract water into the intravascu-
lar space and dilute sodium. The underlying disease is identified and treated. 
Hyperosmolar hyponatremia occurs when there are substances n the blood such
as glucose, urea nitrogen, and toxins, which elevate serum osmolarity, attract
water and dilute serum sodium concentration. Disorders to consider include dia-
betes mellitus, toxins such as ethylene glycol, and renal failure. It is important
to diagnose and manage the underlying disorder.

Hypernatremia ( (Na+ > 160 mEq/L)
Historical or clinical findings of high salt intake, protracted vomiting or diarrhea,
severe hyperthermia, adipsia or hypodipsia, rapid ventilation, chronic nasal dis-
charge, or urinary obstruction should direct evalution of serum sodium.
Severe dehydration and poor perfusion should be anticipated. Poor perfusion is
reflected by low blood pressure, weak pulses, loss of consciousness, pale mucous
membrane color, prolonged capillary refill time, and/or tachycardia. Volume is
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rapidly replaced utilizing sodium containing fluid to restore systolic blood pres-
sure to 80-100 mmHg. The use of hetastarch in saline should be considered to
minimize extravasation of fluids into the interstitium as occurs with crystal-
loids alone. Colloid administration can minimize the serious complications due
to cells swelling with fluids hypo-osmolar to the intracellular space (due to the
idiogenic osmoles). 
Acute elevations of extracellular sodium concentration leads to intracellular
dehydration. High sodium concentration occurs in the cerebral spinal fluid
(CSF) and interferes with the Na+-K+-ATPase pump. Sodium is trapped within the
CSF and profound neurologic signs (depression, weakness, confusion, seizures,
coma, and finally death) can occur due to dehydration of neurons.
When sodium elevation is chronic, the nervous system is initially protected by
production of intracellular idiogenic osmoles to counterbalance the hyperosmo-
larity of the serum. This protective mechanism can be overwhelmed and, in
time, neurologic abnormalities become apparent.
Rapid volume replacement with a low sodium containing fluid causes a disequi-
librium between the serum and CSF Na+ concentration. Water moves from the
vasculature into the CSF. In the acute patient, this causes extracellular volume
overload and in the chronic patient causes intracellular hypervolemia. Either
mechanism can elevate intracranial pressure and lead to neurologic compro-
mise. Volume deficits should be replaced slowly over 12-24 hours using normal
saline, a balanced isotonic crystalloid such as Normosol-R® or Plasmsalyte-A®, or
1/2 strength saline once adequate perfusion has been restored.
In our experience, the most common mechanism for hypernatremia involves
the loss of water greater than the loss of sodium from the ECF. Routes of substan-
tial water loss include: gastrointestinal - vomiting and diarrhea; renal - diuretic
therapy, glycosuria, post-renal obstruction, and acute or chronic renal failure;
respiratory - hyperventilation or chronic rhinitis, and loss of fluids into a third
body fluid space - uterus, peritoneal vacity, pleural cavity, or muscle tissues.
Patients losing water greater than sodium are hypovolemic when unable to
maintain oral water intake. Volume deficits are replaced as directed above and
the underlying disease process evaluated and treated. Once rehydrated, the sodium
is measured and the new sodium value is used to determine the remaining ECF
water deficits through the following formula:

(new Na+ - 140) x kg body weight x 0.6 = water deficit (L)
140

This volume is replaced using either 5% dextrose in water, or a 1/2 strength
maintenance solution, such as 1/2 strength saline, 1/2 strength lactated ringers,
or 3% amino acid solutions in a maintenance fluid solutiom (such as
Procalamine® or Freeamine®). This supplementation will occur over 12-24 hours.
Maintenance fluid requirements are provided utilizing a balanced electrolyte
solution and potassium is supplemented as needed. 
Loss of solute free water from the ECF is another cause of hypernatremia and can
occur with diabetes insipidus, hypodipsia or adipsia, severe hyperthermia, or
sudden loss of response to ADH as seen in head trauma . This is classically
described a normovolemic hypernatremia. However most of the emergency
patients are hyovolemic due to inability to maintain oral hydration. Fluid thera-
py should be instituted as described above. Diabetes insipidus and head trauma
related ADH alterations will result in a very low urine specific gravity due to the
loss of the effects of ADH on the renal distal tubules and collecting ducts. These
patients will benefit from administration of ADH or its analogs once their per-
fusion and hydration are restored. 
Excess total body sodium can result from renal sodium retention or excessive
sodium intake. Hyperaldosteronism and hyperadrenocorticism can result in
excessive reaborption of sodium by the kidney. More commonly, iatrogenic cau-
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ses, such as high sodium content fluids or sodium bicarbonate are responsible.
Sodium diuresis is promoted using furosemide, a lower sodium containing
fluid, and treating the underlying disease process.

Calcium Disorders
Calcium is present in the blood bound to albumin for transport, or in an ionized
physiologically active form. Because total calcium is affected by the albumin con-
centration,it is best to measure ionized calcium concentrations. Most in-hospital
electrolyte monitors provide ionized calcium values. Algorithms are provided
for managing hypercalcemia or hypocalcemia in the small animal patient. 

Hypercalcemia (ionized Ca++ > 5.0 mmol/L)
Small elevations in total calcium can be attributed to comparable elevations in
serum protein. Hypercalcemia should be anticipated in any patient that has
tumor masses, ingested toxins know to affect serum calcium, severe arrhyth-
mias, or acute renal failure of unexplained etiology. Clinical signs of polyuria
and polydipsia, unexplained shock, heart failure, oliguria, abdominal pain, con-
stipation, vomiting, restlessness, altered mentation, and techypnea are sugges-
tive. Hypercalcemia in the cancer patient is associated with coexistant primary
hyperparathyroidism, prostaglandin, or osteoclast-activating factor. 
Initial assessment of the hypercalcemia should concentrate upon peripheral per-
fusion and glomerular filtration. Capillary refill time, pulse rate, rhythm and
intensity, body temperature, and blood pressure assessed by physical examina-
tion and myocardial conduction investigated by ECG. Shock is to be treated by
rapid IV infusion of normal saline and colloids, as needed, and arrhythmias are
treated according to ECG diagnosis. When poor cardiac function is attributed to
hypercalcemia, resulting in failure and potentially death, calcium channel
blockers can be utilized. Ionized serum calcium can be rapidly lowered by
administering sodium bicarbonate or sodium phosphate. This does, however,
result in precipitation of calcium into the soft tissues with major organ compro-
mise possible. Avoid this therapeutic intervention when possible.
It has been demonstrated experimentally in the dog that total serum calcium
levels > 16 mg/sl are associated with vasomotor spasms of the afferent glomerular
arteriole. This results in poor glomerular and tubular perfusion and renal fai-
lure. Serum creatinine and urine output are monitored as a reflection of
glomerular blood flow and filtration rate. Volume deficits are quickly restored
with IV isotonic saline. Calciuresis is promoted by using furosemide (1 mg/kg/hr
CRI). Dopamine (2-3 ug/kg/min) and/or diltiazem, a calcium channel blocker,
(0.23-0.5 mg/kg IV, then 1-5 ug/kg/min CRI IV) can be considered to offset pre-
glomerular arteriolar spasms. 
Initial laboratory evaluation should include CBC, urinalysis, and biochemical
profile, potassium, alkaline phosphatase, albumin, ECG and chest radiographs.
A search should be made for masses or tumors through chest and abdominal
radiographs and abdominal ultrasound. 
Volume deficits are corrected and fluid diuresis promoted by matching the vol-
ume of saline infusion with the volume of urine produced unless oliguric renal
failure or congestive heart failure are present. Hypokalemia, hyomagnesemia
and hypophosphatemia can result and should be corrected by adding the appro-
priate supplement to the IV fluids. When phosphate supplementation is
required, it is important to maintain the calcium phosphorous product below 55
to avoid soft tissue calcification. Urine output, central venous rpessure, PCV, TS,
ionized calcium, phosphorous, potassium, and magnesium, and blood pressure
should be monitored. 
When little response is noted from the general therapy, more specific modalities
can be used. These include glucocorticosteroids to decrease intestinal calcium
absorption and promote calciuresis or calcitonin or mithramycin to promote cal-
cium deposition in bone. Mithramycin has potential side-effects of blood dyscra-
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sia and is reserved for patients with nonresponsive hypercalcemia associated
with cancer. 
Together with rehydration, injectable aminobisphosphonates, primarily zole-
dronate and pamidronate are the cornerstones of therapy for malignancy-asso-
ciated hypercalcemia. Their main biologic effect is by inducing osteoclast apop-
tosis. When these methods fail or when severe renal insufficiency is present,
peritoneal dialysis or hemodialysis using a calcium free dialysate can be effec-
tive. The causes of hypercalcemia fit into the acronym created by oncologist -
GOSH DARN IT. See the attached algorithm for these differentials. 

Hypocalcemia (ionized Ca++ < 3.0 mmol/L)
Hypoccalcemia should be suspected in any patient showing severe generalized
weakness, seizures, tremors, tonic-clonic muscle activity, facial pawing and
scratching; or hyperexcitability. Historical information of significance includes
diet (e.g. all meat high phosphorous diet), current blood transfusion, medica-
tions, toxin exposure (e.g. ethylene glycol), and reproductive history.
When severe generalized weakness, tetany or seizures is detected in a suspected
hypocalcemic patient, a blood sample should be obtained for serum calcium and
10% calcium gluconate (0.5 - 1.5 ml/kg ) administered intravenously. Frequently
hypocalcemia will be chronic in origin and not associated with acute life-threat-
ening problems. Calcium gluconate can then be given orally or slowly in the IV
fluids. Definitive therapy is aimed at the underlying disease. CBC and complete
biochemical profile, urinalysis, venous blood gas and coagulation profile are
submitted. Alkalosis can cause hypocalcemia and/or acute hypocalcemia can
cause hypoventilation, both reflected on the initial venous blood gas.
Underlying disorders to consider include pre or post partum eclampsia, acute or
chronic renal failure, urinary obstruction, ingestion of toxins, malabsorption
with vitamin D deficiency, hypoparathyroidism, pancreatities, high phosphate
diet, and drug induced hypocalcemia (e.g. sodium bicarbonate or loop diuretics). 

Potassium Disorders
Potassium is the principal intracellular electrolyte. Serum potassium values may
not accurately reflect the total body potassium stores and many factors affect
the serum concentration. Blood pH affects the distribution of potassium
between the plasma and the cell, with acidosis promoting extracellular move-
ment of potassium and alkalosis causing potassium to enter the cell. When there
is massive cell injury such as crush injuries, burns, tumor lysis syndrome, or
heat stroke, large amounts of intracellular potassium can be released into the
plasma. Disorders altering renal regulation and urine output will affect serum
potassium concentrations since potassium content is slowly regulated by the
kidney. Algorithms are presented for managing potassium disorders.

Hyperkalemia (K+ > 5.5 mEq/L)
Hyperkalemia should be suspected in any small animal patient with renal com-
promise, urinary obstruction, bradycardia, arrhythmias, poor perfusion, mas-
sive tissue destruction, or severe generalized weakness. A pretreatment blood
sample is obtained and an initial data base, to include PCV, TS, BUN, glucose,
electrolytes, urinalysis, and blood gas are recorded. 
Inadequate tissue perfusion warrants immediate ECG assessment. Hyperkalemia
affects electrical conduction within the myocardium, prolonging repolarization
and eventually depolarization. ECG changes consistent with hyperkalemia
include bradycardia, tall spiked T waves, prolongation of the P-R interval, flatte-
ning of the P wave, widening of the QRS complex, and eventually sine wave for-
mation.
When poor perfusion is due to volume deficiency, low potassium containing fluids
are infused often in tandem with hetastarch to enforce intravascular volume
retention of fluids. When inadequate perfusion is due to hyperkalemia and its
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effects on the myocardium, therapy to shift potassium into the intracellular
space is required until the underlying disease can be identified and treated.
Regular insulin (0.2 units/kg body weight IV) followed by dextrose (2 grams/unit
of insulin given, followed by 2.5% dextrose in the fluids) will decrease serum
potassium within 5 minutes and lasts between 20-45 minutes. Glucose can be
given alone (0.1-0.5 mg/kg IV) causing endogenous insulin release, but onset is
slow. Other alternatives are to administer calcium gluconate (10% solution at 0.5-
1.5 ml/kg IV) or sodium bicarbonate (0.2 to 0.5 mEq/kg slowly or diluted in
fluids). Calcium gluconate may offset the myocardial effects of hyperkalemia.
Sodium bicarbonate changes serum pH and drives potassium into the cell. But
sodium bicarbonate has other side effects and should be used cautiously in cri-
tical patients. 
The mainstay of therapy for hyperkalemia is fluid diuresis and correction of the
underlying disorder. When indicated, furosemide is used to promote potassium
diuresis. Should oliguric or anuric renal failure be the inciting cause, diuresis is
not possible and dialysis is required. 
A blood gas is done to determine the effects of acidosis on potassium concentra-
tion Acidosis will cause 0.6 mEq/L rise in serum potassium for each 0.1 decrease
in pH. When hyperkalemia persists in the face of severe metabolic acidosis
(pH< 7.1), conservative bicarbonate therapy should be considered.
When severe hyperkalemia is refractory to therapy, mineralocorticoids such as
deoxycorticoacetate (DOCA) or potassium exchange resin ( sodium polystyrene
sulfonate: Kayexalate® orally or by enema) can be administered or peritoneal
dialysis instituted.
Underlying disease processes to consider include acute renal failure, end-stage
chronic renal failure, renal tubular acidosis, urinary obstruction, hypoadreno-
corticism, massive tissue trauma, (burns, heat stroke, crush injuries), increased
potassium administration or ingestion, severe acidosis, and thrombocytosis).

Hypokalemia (K+ < 3.0 mEq/L)
Diuretic therapy, starvation, vomiting, diarrhea, polyuria, and medications
(e.g.insulin) are important historical findings. Clinical signs are generalized
muscle weakness, fladdic paralysis, ileus, impaired ventilation, and arrhyth-
mias.
A blood gas is done and the serum potassium corrected for alkalosis. For each
increase in pH of 0.1 above normal, there is a compensatory decrease in serum
potassium of 0.6 mEq/L. Should hypokalemia persist, potassium supplementa-
tion is required.
Hypokalemia becomes a life-threatening problem when serum values <2.5 mEqL
are associated with ECG changes (T wave depression, prolonged QT interval, U
waves, and ST segment depression), severe weakness or ventilatory compromise.
Potassium should be administered with IV fluids in a peripheral vein and
infused at a rate less than 0.2 mEq/kg/hr. Extreme caution must be taken when
renal insufficiency is present.
When potassium supplementation is not urgent, a slower infusion given accor-
ding to the following guidelines is desirable:

Serum Potassium Potassium added/250 ml fluids
< 2.0 mEq/L 20 mEq/250 ml

2.0 - 2.5 mEq/L 15 mEq/250 ml
2.4 - 3.0 mEq/L 10 mEq/250 ml
3.0 - 3.5 mEq/L 5 mEq/250 ml

It becomes important to identify the site of potassium loss. Gastrointestinal loss
occurs through vomiting, diarrhea or malabsorption and inadequate potassium
intake during starvation. Diuresis and renal tubular acidosis result in renal loss.
The tumor lysis syndrome of cancer patient has hypokalemia as one of the hall-
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marks of the syndrome. Medications such as sodium bicarbonate and insulin
promote potassium shifts between the cytosol and plasma. Extensive soft tissue
damage can result in hypokalemia due to seepage of electrolytes from the affected
areas.

Phosphorus Disorders
Phosphorus is an important intracellular ion necessary for the generation of
adenosine triphosphate (ATP), the principle intracellular energy source. It is
absorbed through the small intestines and excreted by the kidney. High concen-
trations are found in bone. Acidosis causes phosphorus to shift from the cell into
the plasma and alkalosis results in movement from the plasma into the cell.
Disorders in serum phosphorus can present life-threatening complications and
should be assessed in relation to serum cooncenetration of potassium, sodium,
magnesium, and calcium. 

Hyperphosphatemia (PO4
- > 7.0 mg/dl)

There are no specific clinical signs to suggest hypophosphatemia. Historical or
clinical findings can reveal acute renal failure, chronic renal failure, urinary
obstruction, hypoparathyroidism, massive tumor cell lysis, phosphate enemas,
or ingestion of phosphate or vitamin D. Hypocalcemia occurs due to soft tissue
deposition of calcium phosphate. This occurs when the calcium-phosphorus
product is greater than 55.
Therapy involves reducing gut phosphate absorption by administering phos-
phate-binding antacids such as aluminum hydroxide get. Volume expansion
with isotonic saline will promote phosphate excretion by the kidneys when
renal function is normal. When renal failure is present, dialysis is required.

Hypophosphatemia (PO4
- <1.5 mg/dl)

Acute hyophosphatemia rarely causes immediate problems but prolonged defi-
ciency results in total body phosphorus and ATP energy store depletion. It occurs
when a severe catabolic state is rapidly changed to an anabolic state, such as in
diabetic keoacidosis, burns, or severe emaciation. Leukemia causes excess utiliza-
tion of phosphorus. Hyperparathryoidism, sodium bicarbonate therapy, steroid
administration, insulin administration, hypomagnesemia, starvation, and reco-
very from hypothermia are reported causes.
Severe hypophosphatemia (<1.0 mg/dl) has effects related to energy depletion.
Red blood cell lysis, impaired white blood cell phagocytic and bacteriocidal capa-
bilities, platelet dysfunction, muscle disease, cardiomyopathy, and central ner-
vous system signs have been reported. Severe r espiratory alkalosis can cause a
transient hyophosphatemia but will generally correct when the pH has norma-
lized.
Mild asymptomatic hypophosphatemia can be treated by oral supplementation
utilizing skim mild or phyeralimentation fluids. Diarrhea is a common compli-
cation. Parenteral administration is indicated for severly affected patients and
canbe accomplished by administration of sodium or potassium phosphate
(3.0 mmol/ml) at a dosage of 0.01 - 0.03 mmol of phosphate/kg body weight/hr for
3 to 6 hours in a calcium free fluid. Serum phosphorous is then re-evaluated.
Hypocalcemia, hyerntremia, hypotension, hyperkalemia, and metastatic calcifi-
cation are complications. 
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Cancer and Acute respiratory Distress 

Rebecca Kirby, DVM, DACVIM, DACVECC 
Animal Emergency Center & Specialty Services 
Glendale, Wisconsin 
www.animalemergencycenter.com 

Acute respiratory distress (ARD) is the sudden onset of rapid and/or labored res-
piration. The pathology can lie anywhere within the respiratory tract, to
include: nares, nasal passageway, pharynx, larynx, cervical tracheal, intra tho-
racic trachea, main stem bronchi, bronchioles and tertiary bronchi (small air-
way), lung parenchyma (alveoli, pulmonary capillaries and interstitium), pleura,
pleural space, diaphragm, chest wall, and innervation of the respiratory appara-
tus. In addition, metabolic consequences of systemic disease, such as hypo-
kalemia or hypoglycemia, can affect the ability of an animal to ventilate. 
Cancer can lead to ARD in any anatomic location within the respiratory tract by
causing obstruction to airflow, infiltration of lung parenchyma, exudation, tran-
sudation or hemorrhage of fluid into the pleural space or airways, reduction of
the pleural space capacity, and even pain severe enough to restrict thoracic
movement for adequate ventilation. ARD can also occur as a consequence of can-
cer therapy, and include pulmonary thromboemboli; aspiration pneumonia;
pulmonary hemorrhage from disseminated intravascular coagulation; metabo-
lic changes affecting nerves and muscles (glucose, potassium, magnesium) of
ventilation; or acute lung injury or acute respiratory distress syndrome secon-
dary to the systemic inflammatory response syndrome (SIRS) seen with tumor
lysis syndrome or sepsis secondary to neutropenia. It is critical not to develop
‘tunnel vision’! Causes of ARD other than cancer must be considered in oncology
patients, such as heart failure, trauma, toxin, or laryngeal paralysis. 
Time is of the essence! The clinician must treat the most life-threatening pro-
blems first, During initial stabilization, it is more important to recognize where
the pathology lies within the respiratory tract than to identify the exact under-
lying etiology. A rapid assessment is made to determine the severity of the respi-
ratory compromise. Lifethreatening hypoxemia or exhaustive work of breathing
will require rapid action to: 

1. support the animal’s ventilation and oxygenation 
2. localize where within the respiratory tract the pathology lies 
3. correct systemic consequences of the hypoxemia and the inciting cause 
4. develop a diagnostic and treatment plan for the underlying etiology 

Diagnostic procedures will be postponed until the patient’s oxygenation and
ventilation have improved. The fragile condition of the pet with ARD requires
close monitoring of their oxygenation and work of breathing from presentation
throughout diagnostic procedures and hospitalization. Deterioration can be fast
and deadly! 

Anticipate the worst complications and be prepared ! 

Respiratory distress occurs in the following order of progression from least to
most severe: increased respiratory rate; change in breathing pattern with in-
creased work of breathing; change in posture; open mouth breathing; cyanosis
(paO2 < 60 mmHg); death. Cyanosis, severe work of breathing (active intercostal
muscle contraction for movement of the rib cage, open mouth breathing with
lips retracted at the commissures), barrel chested appearance of the rib cage,
and/or blood or foam coming from the trachea are signs of catastrophic acute
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respiratory distress. These animals are ‘dying before your eyes’. The amount of
work required will be dependent upon how much of the airway, lung or thorax
is involved and whether the problem is acute (more work required) or chronic
(adapts over time). Using the abdominal muscles and diaphragm for chest move-
ment manifests severe work of breathing. 

Readiness 
Readiness for the ARD patient entails preparing ‘set-ups’ in advance for: general
emergency set-up (intravenous peripheral catheter placement, oxygen admini-
stration, minimum data base collection), endotracheal intubation, and thora-
centesis. The following are suggestions, to be modified to meet the needs of the cli-
nician or nurse. 

General emergency set-up: 
peripheral intravenous catheters clippers cotton balls antiseptic scrub tape (pre-cut
to desired lengths and widths) heparinized saline flush IV catheter cap or T-set
4 microhematocrit tubes, blood collection tubes (lithium heparin, clot tube,
EDTA tube) isotonic crystalloids (+ hetastarch) with administration set in place
several needs and at least 2 syringes oxygen hose or hood oxygen source and regu-
lator.

Endotracheal intubation 
several sizes of clear entracheal tubes

cuff have been checked for leaks
cuff deflated
ties attached to tube 

12 cc syringe with air ready to inflate cuff
laryngeoscope - elongated blade with working light 

Chest tap (thoracentesis) 
butterfly catheter, 11/2 inch needles or needle from over the needle catheter 

choice made depending on thoracic wall thickness of patient
clippers and scrub for surgical prep
sample collection containers (sterile for culture, clot tube and EDTA tube)
microscope slides
large container to deposit quantities of pleural fluid 
lidocaine, needle, syringe
pre-attach the following: 

3-way stop cock 
IV extension tubing 
large syringe 

Transport 
There are a few tips that the staff can share with the owner transporting the pet
to the emergency facility: 
1. minimize stress and restraint 
2. allow the animal to assume any position that gives the most relief 
3. cats often transport best in enclosed darkened carrier 
4. provide adequate cool, circulating air on warm days 
5. provide flow-by oxygen if available
Upon arrival, the dog or cat will be triaged immediately to the treatment area. 

Primary Survey
The first goal is to determine if the animal is breathing or has signs compatible
with a catastrophic breathing disorder. This animal must be intubated and ven-
tilated with 100% oxygen. If the animal is conscious, rapid anesthetic induction
is necessary for intubation using a fast acting agent and agents that will not



79

Rebecca Kirby

lower the blood pressure. Choices might include etomidate with diazepam/
midazolam or ketamine with diazepam/midazolam (see Cancer and Acute Abdo-
minal Pain, Table 3, for dosages).
If conscious and not ‘dying before your eyes’, the dog or cat will receive supple-
mental oxygen by flow-by, baggie, hood or transtracheal techniques during ini-
tial assessment. The owners are quickly asked a few questions to aid in defining
the severity and cause of the ARD, to include: 
• known trauma, 
• exposure to rodenticides, 
• past medical history (eg. heart disease, breathing problems) 
• signs of illness other than ARD 
• recent vomiting. 
In an acute severe situation, the animal will assume a body position of relief. The
dog will want to stand with elbows abducted and back arched. As the pathology
progresses, the dog will extend his neck and open mouth breathe. The cat will
tuck the front and rear legs and feet tightly under their body and arch their
backs elevating their sternum off of the surface. With chronic distress the cat
does not have a specific position of relief. Pulse oximetry and indirect arterial
blood pressure are often part of the primary survey to allow the clinician to
make informed decisions regarding severity and resuscitation efforts.

Localizing the pathology 
In order to stabilize the animal, it is important to determine the location of the
pathology.(i.e. large airway, pleural space disease, parenchymal disease, small
airway) by observing the pattern of breathing and careful auscultation.
Observation of the rib cageabdominal junction is ideal to determine whether
the chest and abdomen are moving together, in the same direction, or if they are
moving in opposition. It is also important to note inspiratory to expiratory time
ratio (normally 1:2).

Airway 
When breathing is loud, heard without the aid of a stethescope, there is large
airway pathology. Castrophic large airway obstruction presents with severe
cyanosis and cardiovascular compromise. The breathing sounds may not be loud
if the animal is losing consciousness or is exhausted from trying to breath
against an obstruction. Inspiratory stridor suggests upper airway pathology
(pharynx, larynx, cervical trachea) and expiratory stridor suggests lower airway
(intrathoracic trachea) pathology. Stridor on both inspiration and expiration
suggests either involvement of the entire trachea such as tracheal collapse or a
fixed obstruction such as a mass. Stridor in a cat will be very soft, often just a
clicking sound heard when you put your ear right next to their mouth. This is
significant in the cat, requiring oxygen support while ruling out partial airway
obstruction.

Breathing 
Rapid, shallow breathing with the chest and abdomen moving together, in the
same direction at the same time is most compatible with lung parenchymal disease.
Auscultation will find louder than normal lung sounds with early disease and
crackles and rales in the area of involvement with severe disease. Cats will have
louder than normal lung sounds as their primary finding with paraenchymal
disease unless the lung involvement is very severe. The cat may have their cupula
(lateral area at thoracic inlet) moving in on inspiration and out on expiration
with severe parenchymal disease, suggestive of an increase work of breathing in
the face of a negative pleural pressure. 
An irregular breathing pattern, with the chest and abdomen moving in opposi-
tion to one another is most compatible with pleural space disease. Auscultation
may find dull or muffled lung sounds in the location of the pathology.
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Percussion in large breed dogs can find an area of dullness at the site of the pleu-
ral space pathology. Lung sounds can be normal in a cat with pleural space disease.
Catastrophic tension pneumothorax will present with the animal having a bar-
rel-chested appearance and severe cardiovascular compromise. There will be lit-
tle chest wall movement. A non-compressible anterior mediastinum suggests an
anterior mediastinal mass in the cat. A diaphragmatic hernia is to be suspected
when there is a history of trauma in an animal with pleural space breathing pat-
tern and fluid or air recovered from thoracentesis does not alleviate their dis-
tress. 
Short inspiration and prolonged expiration, with an expiratory push of the
diaphragm, is compatible with small airway disease. Auscultation should find
high-pitched wheezes. Rapid breathing with normal effort will suggest non-res-
piratory tract related causes such as pain, CNS disease or metabolic acidosis. 

Circulation 
Abnormal circulation results in tissue hypoxia. Attempts by the circulatory sys-
tem to compensate must be detected during primary survey. Physical changes
will occur in the peripheral tissues of the body as shock progresses and can be
detected by examining the dog or cat’s physical peripheral perfusion parameters
(ie heart rate, mucous membrane (MM ) color, capillary refill time (CRT), and
peripheral pulse intensity). The neck is examined for jugular distension compa-
tible with pericardial tamponade, elevated intra thoracic pressure, or severe
right-sided heart failure. Rectal temperature is also important, especially in the
cat, but will be done as part of secondary survey. Indirect blood pressure mea-
surement and pulse oximetry is warranted at this time. 
The perfusion status can reflect the impact of the respiratory pathology (hypo-
xemia) on the body or reflect poor cardiac performance as the inciting cause of
the pulmonary pathology. Perfusion can be hyperdynamic, with tachycardia
(dog), rapid CRT (< 1 second), bounding pulses, and hyperemic MM, as a result of
early stages of hypovolemic or septic shock, pain or anxiety. The blood pressure
can be normal or elevated in this phase. Poor peripheral perfusion is manifested
by tachycardia (dog), prolonged CRT (> 2 seconds), pale or white MM, and weak
or absent pulses. The indirect arterial blood pressure can be normal (with severe
tachycardia) or low during these stages of shock. These stages can occur as a con-
sequence of severe hypovolemia, sepsis or SIRS and/or cardiac failure. Though
each of these causes of shock can result in pulmonary edema, the mechanisms
and treatment of shock and respiratory distress can be very different for each.
Careful auscultation of the heart for murmurs, gallops or arrhythmias is done
with careful evaluation for evidence of heart disease or failure. 

Resuscitation 

Key Points Resuscitation 
Minimize stress 
Provide oxygen 
Place intravenous peripheral catheter 
Provide analgesia/sedation or anesthesia as required 
Resuscitate prior to diagnostics if severe or catastrophic ARD 
Resuscitation procedures are specific to location of pathology 

Resuscitative intervention is required most often prior to aggressive diagnostics
to minimize stress. All animals with ARD will immediately receive: oxygen sup-
plementation administered during resuscitative procedures and an intravenous
catheter. Intubation and mechanical ventilation with 100% oxygen is warranted
when there is exhaustive work of breathing; when the arterial blood gases or
pulse oximetry indicates hypoxia in the face of aggressive supplemental oxygen
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(eg high flow hood, nasotracheal cannula, tracheal oxygen, two nasal cannulas); or
hypercapnia (pCO2 > 50 mmHg) that doesn’t resolve with oxygen supplementation. 

Airway 
Large airway obstruction requires rapid anesthetic induction or neuromuscular
blockades, rapid intubation and ventilation with 100% oxygen. If unable to pass
an endotracheal tube, transtracheal oxygen is administered (see Procedures),
ensuring that exhalation is possible. The dog is then prepared for an emergency
tracheotomy below the obstruction should the obstruction not be readily
removed. 

Breathing - catastrophic 
Tension pneumothorax with severe cardiovascular compromise is another cata-
strophic presentation requiring rapid relief of the pleural pressure. If the animal
is ‘dying before your eyes’, a small incision in made through the thoracic wall
into the pleural space,. This converts the tension to an open pneumothorax,
relieving the tension. Rapid induction anesthesia and intubation with positive
pressure ventilation with 100% oxygen is done. Fluid resuscitation (see below) is
initiated and a chest tube rapidly placed for continuous evacuation of air. 
Parenchymal disease with bloody foam coming from the trachea will require
rapid anesthetic induction, intubation, and positive pressure ventilation with
100% oxygen and airway suctioning (see Table 2). It is common with fulminant
heart failure that large quantities of bloody fluid be evacuated from the small
and large airways. The blood pressure is taken to determine the possibility of
using intravenous arterial/venous vasodilators, such as nitroprusside and pulse
oximetry to determine the extent of hypoxemia. A diuretic, such as furosemide
(2-4 mg/kg IV), is administered to reduce hydrostatic pressure, treating the origin
of potential cardiogenic edema. The need for a positive inotrope such as dobuta-
mine (2.5 - 5.0 ug/kg/min IV CRI) or pimobendan (0.2 - 0.6 mg/kg divided into 2
doses given PO 12 hours apart) must be rapidly determined through past history
and cardiac ultrasound. 
The cat with status asthmaticus will show evidence of small airway disease and
requires oxygen administration, sedation and intravenous glucocorticosteroids,
parenteral or inhaled bronchodilators such as terbutaline or albuterol (if no evi-
dence of hypertrophic cardiomyopathy), and nebulization with bronchodilators. 

Breathing - Severe 
Most animals with severe ARD will require sedation (butorphanol 0.2 - 0.8 mg/kg
IV) if the animal is anxious or struggling. Initial resuscitative procedures with
mild to severe ARD will depend upon severity and initial localization of the
pathology based upon respiratory pattern and auscultation. Large airway disease
requires a patent airway. Sedation and supplemental oxygen is administered at
high flow rates until further diagnostics are completed. Transtracheal oxygen
may be required with fixed partial obstruction (see procedures). 
Parenchymal disease requires careful auscultation for a heart murmur or gallop
or persistent arrhythmia suggestive of cardiogenic edema. The femoral pulse is
palpated while ausculting the heart to determine if the heart and pulse are syn-
chronous (abnormalities suggestive of cardiac arrhythmias). If heart failure is
suspected, the blood pressure is taken, and oxygen, a sedative, furosemide
(7 mg/kg IV), and a vasodilator such as nitroglycerine ointment (venodilator),
benazepril (oral arterial dilator), or nitroprusside (arterial and venous IV dilator)
is administered and the animal allowed to stabilize prior to further diagnostics.
The need for a positive inotrope is assessed. Animals with parenchymal disease
without evidence of heart disease or pneumonia might benefit from a one-time
administration of furosemide (2-7 mg/kg IV) to reduce pulmonary capillary
hydrostatic pressure until further diagnostics. Fever, history of vomiting, and/or
localized lung involvement on auscultation suggests possible pneumonia, delaying
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diuretic administration until further diagnostics. 
Pleural space disease requires thoracentesis performed dorsal to the costochon-
dral junction. Both sides should be tapped in an emergency. If air is suspected,
the thorax is tapped within the dorsal chest region. For pleural fluid, the tap is
done ventral to the costochondral junction. Often ultrasound can help guide
thoracentesis when the fluid is loculated and difficult to aspirate, saving any
fluid recovered for culture/sensitivity and cytology. When the pleural air or fluid
is chronic in nature, the air or fluid should be withdrawn slowly, allowing slow
re-expansion of the lungs. This is to minimize the onset of re-expansion pul-
monary edema. When repeated chest taps are required to decompress the pleu-
ral space and stabilize the cardiovascular or respiratory tracts, a chest tube
should be placed on one or both sides. A diaphragmatic hernia with the sto-
mach in the chest or with any potential of ischemic herniated organs warrants
emergency surgery after fluid resuscitation to replace the abdominal contents. 
Small airway disease is most prevalent in the cat, but can complicate parenchy-
mal disease when there is bronchogenic pneumonia or cardiogenic pulmomary
edema in either the dog or cat. Bronchodilators can be given parenterally or
terbutaline or albuterol can be given by nebulization. In the cat, glucocorticos-
teroids are given when asthma is suspected.

Circulation 
The heart rate and blood pressure are recorded and monitored throughout resus-
citation. The poor perfusion will most likely be associated with severe hypo-
volemia or cardiogenic shock. A combination of isotonic balanced crystalloids
with high molecular weight colloids, such as hetastarch, can provide rapid
intravascular volume expansion with lower volumes of fluids. Resuscitation to
hypotensive end-points using small volume resuscitations techniques will be
chosen until on-going hemorrhage or heart failure have been ruled out (see
Cancer and Acute Abdominal Pain Figures 1 and 2). 

Secondary Survey 
A complete history is obtained beginning with when the animal was last
absolutely normal followed by the day to day progression since that time. The
presence of exercise intolerance or a soft cough can suggest a cardiac etiology.
Harsh coughing, sneezing or nasal discharge can suggest an infectious etiology.
An illness similar in other pets in the household or in relatives of this pet can
direct diagnostic endeavors looking for contagious and similar pathology.
Vaccination and parasite control history (heartworm and intestinal parasites)
reveal likelihood of those etiologies. Exposure to stray or unfamiliar animals
may direct diagnostics towards a contagious infectious disease such as distem-
per, feline viral upper respiratory infections. 
The physical examination will concentrate now on signs of trauma (eg. skin
wounds or bruising, lacerations, shredded toe nails, bleeding, swelling); other
possible underlying causes; and the systemic effects of the ARD. Careful thoracic
auscultation is repeated for subtle changes post-resuscitation, such as muffled
heart or lung sounds suggestive of pleural space disease or cardiac tamponade;
louder than normal sounds, crackles or rales suppgestive of pulmonary paren-
chymal disease; high pitched wheezes suggestive of small airway disease; or
areas of cull lung sound suggestive of a space occupying mass, diaphragmatic
hernia or consolidation of lung in the area of dullness. Palpation now includes;
the trachea to elicit a cough or detect irregularities; the skin for nay evidence of
subcutaneous emphysema compatible with chest wall, tracheal, thoracic inlet or
mediastinal tears; the chest wall for deviations, wounds or painful regions asso-
ciated with rib fractures, bruising, hernias or masses; and the abdomen for the
presence or absence of organs (diaphragmatic hernia), evidence of masses or
other organ abnormalities which might contribute to the respiratory pathology
(tumor metastasis, causes of vomiting and aspiration, etc.). The rectal tempera-
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ture can reflect possible inflammation or infection if elevated or poor peripheral
perfusion if low. 
A minimum data base is collected (see Cancer and Acute Abdominal Pain). Blood
is submitted for CBC, biochemical profile, urinalysis, arterial blood gas, and full
coagulation profile. 

Differential diagnosis 
Causes of large airway disease include: obstruction by foreign body, mass or
anatomical defect; airway rupture; collapsing trachea, elongated soft palate
with and without epiglottal entrapment; laryngeal paralysis, smoke inhalation;
infectious diseases; and tracheal and/or bronchial transudate or exudate. 
Causes of parenchymal disease include: cardiogenic pulmonary edema; non-
cardiogenic pulmonary edema (to include intravascular volume overload,, acute
lung injury, acute respiratory distress syndrome); smoke inhalation; pneumo-
nia; pulmonary thromboembolism; pulmonary contusions or hemorrhage; lung
atelectasis; pulmonary neoplasia; pulmonary granulomatous disease; pul-
monary infiltrates with eosinophils. 
Causes of pleural space disease include: pneumothorax; hemothorax; pyotho-
rax; chylothorax; pleural space or mediastinal masses; pneumomediastinum;
diaphragmatic hernia; right heart failure; obstruction of vena cava; neoplasia;
heartworm disease; hypoalbuminemia. Small airway disease include feline asthma;
bronchiectasis; emphysema; chronic obstructive lung disease; bronchogenic
pneumonia; cardiac failure. 
Chest wall or muscles; rib fractures; flail chest; diaphragmatic hernia; elec-
trolyte imbalances (hypokalemia; hyperkalemia; hypocalcemia; hypomagne-
semia); pathology of phrenic nerve; brain stem or cervial or thoracic spinal cord
disease; peripheral neuropathy; neuromuscular disease; muscle disease.
Nonrespiratory causes include systemic disease, pain, metabolic acidosis. Causes
of respiratory distress that develops in a hospitalized patient include: intravas-
cular volume overload, aspiration pneumonia, onset of heart failure or arrhyth-
mias, pulmonary thromboembolism, hematogenous pneumonia, hemorrhage,
atelectasis, and acute respiratory distress syndrome. 

Diagnostic tests 
1. Provide oxygen supplementation during diagnostic procedures. 
2. Have equipment prepared in advance before bringing the animal into the

area for the diganostic procedures. 
3. Thoracentesis is performed in animals suspected to have pleural space disease. 

a. Quantities of air or fluid removed should be recorded. Later taps will indi-
cate recurrence rates and suggest need for chest tube. 

b. Recovered fluid should be submitted for fluid analysis, cytologic examination
and for culture and sensitivity. 

c. Ultrasound may aid in the recovery of loculated pleural fluid. 
4. Radiographs of chest and other affected body regions looking for abnormalities

to include: pleural air or fluid; pleural fissure lines; masses; pulmonary infil-
trates; alveolar lung pattern; bronchiolar markings; rib structure; diaphragm
structure; airway structure; mediastinal structures; diameter of the vena
cava; heart size and shape; evidence of heartworm pathology; 
a. Do not radiograph an animal in catastrophic or severe distress prior to

stabilization. 
b. Allow the animal to assume the position that causes the least amount of

distress a DV view of the chest might be all that is possible.
c. Neck films can be required if there is upper airway pathology. 
d. Abdominal films are indicated if concerned about diaphragmatic hernia,

neoplasia, granulomatous lung disease; ARDS; systemic disease; 
e. Fluoroscopy can aid with lung aspirates or detecting tracheal collapse.

5. Ultrasound evaluation is done for pleural fluid, pericardial fluid, heart disease,
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mass lesions, and fluid centesis. 
6. Laboratory tesing can include: 

a. Immediate EDB, ACT and platelet estimate, arterial blood gas analysis 
b. CBC, biochemical profile, fluid analysis, urinalysis, coagulation profile 

7. Aspiration of mass or affected lung and cytologic examination of fluid. 
a. Ultrasound or fluoroscopy can aid in sample collection. 
b. The animals must be watched carefully for evidence of hemorrhage or

pneumothorax post procedure. 
c. Lung aspirate is indicated when the pathology does not involve the small

airways or is very focal in the lung tissue. 
8. Observation of tracheal motion during inspiration and expiration will assess

the trachea for degree of tracheal collapse. 
9. Transtracheal wash (TTW) is indicated once the animal is stable to assess the

cells and organisms in the small airways when there is lung or airway disease
that produces fluid or exudate. 

10. Bronchoscopy exam is indicated if TTW has been unproductive, if the lung
disease is not producing fluid or exudate, or if the pathology appears to
involve only focal lung lobes or airways. 

Continued treatment 
More efficient means of oxygen delivery such as nasal cannula or prongs is con-
sidered and fluid therapy plans are reassessed to ensure adequate perfusion and
hydration and correction of electrolyte abnormalities. A nasogastric tube, gas-
trointestinal motility modifiers and/or antiemetics might be necessary to pre-
vent vomiting and aspiration that can occur secondary to aerophagia, cancer
therapy or systemic causes of ARD. Aspirate gastric air if aerophagia is signifi-
cant. A nutritional support plan is initiated if prolonged illness anticipated.
Treat concurrent problems to include hypoalbuminemia, sepsis, coagulation
defects, etc. 

Anticipated complications 
Anticipated complications include: hypoxia, hypercarbia, obstruction of small
airways with fluid, mucous or exudate, obstruction of small airways, airway and
systemic dehydration, perfusion problems, aerophagia, and recurrence or pro-
gression of the pathology are complications of any cause of ARD. Specific com-
plications will depend upon the location and cause of the pathology. 

Procedures
Oxygen supplementation
Oxygen can be provided by several techniques (Table 1): flow-by methods, baggie
oxygen, nasal cannulas, transtracheal cannula, or hood oxygen. It is ideal to
humidify the air when possible. ). The success of oxygen therapy can be mea-
sured by monitoring with pulse oximetry. 
An oxygen hood can be made from an Elizabethan collar with the outside ope-
ning covered 75% with plastic wrap. The oxygen line is placed inside the hood
and attached to the ventral surface of the collar. The hood should be flushed
with oxygen immediately after it is placed to rapidly increase the oxygen concen-
tration. A cat or small dog requires 3-5 liters maintenance flow and a medium
dog requires 5-8 liters flow for maintenance. Inspired oxygen concentrations can
be attained as high was 80%. 
The nasal cannula is placed utilizing a soft red rubber feeding tube (3-5 French
in cats; 5-8 French in dogs). Sedation is typically required. Ophthalamic anesthetic
is placed down the nostrils. The nasal orifices are swabbed with lidocaine get.
The catheter is placed in a ventromedial direction. The tip is placed at the level
of the medial canthus of the eye for nasal oxygen support. The catheter is
secured with suture by the nostril and with tissue glue or suture along the side
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of the face. A cannula can be placed in each nostril if a higher inspired oxygen
concentration is desired, The cannula tip can be further advanced to the pha-
rynx for nasopharyngeal oxygen (often helpful with upper airway distress).
Nasotracheal oxygen can be provided by placing the tip of the cannula into the
trachea (past the larynx). 
The transtracheal cannula can be placed by using a 16 or 19 gauge 11/2 inch over
the needle catheter. Sedation will likely be required, however this can be done as
an emergency intervention in a catastrophic patient. It is ideal to inject lido-
caine into the skin, subcutaneous tissues and tracheal tissues to be penetrated.
The catheter is placed into the trachea below the obstruction, when possible, but
definitely 1-2 rings below the larynx. The catheter needle is withdrawn and the
catheter advance into the trachea directed towards the tracheal bifurcation.
A 31/2 or 5 French long soft red rubber feeding tube or other flexible tubing is
threaded through the peripheral catheter now within the trachea.∗ It is ideal for
the tip of this cannula to lie near the tracheal bifurcation. Once confident that
the animal will tolerate the longer cannula, the short peripheral catheter can be
withdrawn from the trachea. Oxygen is administered through the peripheral
catheter initially and then through the long flexible cannula. The oxygen
should be humidified. The tip of the catheter may have to be adjusted up or
down to minimize coughing. The flow rate should be adequate to increase the
pulse oximeter reading (begin at 80-100 ml/kg/min) but low enough to minimize
foaming of any tracheal secretions. This cannula can also be used to suction out
the trachea (after hyperoxygenation) when required.
∗Test ahead of time that the long flexible cannula will pass through the large
bore peripheral catheter. Use a long flexible cannula with as large diameter as
possible. The peripheral cannula can be the primary means of transtracheal oxy-
gen administration should a long flexible cannula that fits through the peri-
pheral catheter is not available. 

Thoracentesis 
Evacuation of air or fluid from the pleural space can be life saving in a cata-
strophic presentation of pleural space ARD. However, it can also cause life-
threatening problems if not done properly. The long needle from a peripheral
catheter is ideal for thoracentesis in a thick chested dog. A butterfly catheter can
be easily used for tiny dogs and cats. The set-up is presented above. The evacua-
tion system consists of the needle and IV extension tubing or butterfly catheter;
3-way stop cock; and 35 or 60 ml syringe. Containers for sample processing and
collection of excess fluid should be present. In animals with chronic disease,
thoracentesis may be best aided by ultrasound guided aspiration due to the pre-
sence of adhesions and loculated fluid. 
If suspecting to retrieve air, the tap is done dorsally near the paralumbar mu-
scles, typically between the 7th to 9th intercostals spaces. When tapping for fluid,
the tap is done ventral to the costochondral junction between the 6th and 9th

intercostals space. The heart should be ausculted and the tap for fluid done ante-
rior or caudal to the heart sounds. The area to be tapped should be clipped and
a surgical scrub done over the area. Lidocaine can be infiltrated into the skin,
subcutaneous tissues and intercostals muscle when time permits. 
The hanging drop technique is used to ensure that the needle tip has entered the
pleural space. A drop of sterile fluid is place into the hub of the needle (or the
butterfly catheter tubing is filled with sterile fluid). When the needle tip enters
the pleural space, the fluid drop will be sucked into the thorax. The evacuation
system is then attached to the needle and advanced directing the needle along
the thoracic wall (parallel), not perpendicular to the thoracic wall. This mini-
mizes the chance of puncturing the lung or any other organ within the thorax.
Fluid samples are saved for laboratory evaluation (PCV, protein, glucose), cyto-
logy, and culture and sensitivity. The volume of fluid or air withdrawn should be
quantified and recorded to follow trends of fluid and/or air accumulation. 
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Table 1. Oxygen Administration Techniques 

Intubation and ventilation 
The clinician should become skilled at intubating the dog or cat when they are
lying on their sternum, on their back, or on their side. Using a laryngeoscope
with a longer blade, the animal in dorsal recumbency can be intubated by one
person alone, where the ventral and lateral body positions generally require two

Method of Delivery Indication Concerns

Flow-by oxygen initial stabilization only hold by mouth if open
low cost mouth breathing;

additional personnel

Baggie oxygen initial stabilization only requires high flow
low cost watch heat, humidity,

carbon dioxide

Hood oxygen unstable patient watch heat, humidity,
stabilization/hospitalization carbon dioxide

awkward for large dogs

Nasal prongs (human) stabilization, initial tolerated short time;
hospitalization dislodged easily

Nasal cannula post stabilization; requires sedation
hospitalization; for placement;
consistent high FIO2 desired can dry upper airway
can place 2 for higher FIO2

Nasopharyngeal cannula post-stabilization; requires sedation
hospitalization; for placement;
consistent high FIO2 desired; can dry upper airway;
laryngeal/pharyngeal vasovagal reflex;
pathology cause tracheal foam if

exudates/transudate
present

Nasotracheal cannula post-stabilization: requires sedation
hospitalization; for placement;
high FIO2 to alveoli vasovagal reflex;
prior to therapeutic dry airways;
ventilation; must ensure adequate

exhalation; coughing

Tracheal cannula post-stabilization: requires sedation
hospitalization; for placement;
by-pass upper airway dry airways;
nasal, pharyngel, laryngeal must ensure adequate
or upper tracheal exhalation; coughing
obstruction

FIO2 - fractional inspired oxygen concentration
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people for rapid intubation, It is important to ensure that the entracheal tube
cuffs are working prior to intubation. And it is most effective to have the tube
tie-in strips already attached to the endotracheal tubes. 
The ambu bag can be used initially for short term mechanical ventilation with
100% oxygen, Oxygen is attached to the ambu bag and run at high flow.
Attachments are available for the ambu bag to apply positive end expiratory
pressure (PEEP) and to measure peak inspiratory pressures. These attachments
are often easily obtainable from human paramedic catalogs. 
Short term mechanical ventilation by ambu bag may be adequate for catastro-
phic congestive heart failure or neurogenic pulmonary edema. Initially ventila-
ting with an ambu bag allows the clinician to get a ‘feel’ of the compliance of
the lungs through the ease of compression of the ambu bag and the resultant
degree of lung expansion. It is important to monitor by pulse oximetry and end-
tidal CO2 or arterial blood gases to determine the success of ventilation and to
guide adjustments in the ventilator settings. Ventilation required for more than
a few hours will require a therapeutic mechanical ventilator. Table 2 outlines
recommended initial ventilator settings. The clinician will choose assist/con-
trolled ventilation if they want the patient to breathe between ventilator deli-
vered breaths. Controlled ventilation counts on the ventilator delivered breaths
as the mainstay of therapy. 

Tabel 2. Initial ventilator settings

Variable Settings∗
Dog cat

FIO2 100% 100%
Respiratory rate (breaths/min) 16-20 20
Tidal volume (ml/kg) 8-15 8-10
Peak Inspiratory pressure (mmHg) 15-18 12
PEEP (cm H2O) 3-5 3-5

Ventilator mode Indication
Pressure lung compliance problems
Volume atelectasis
Assist/controlled allowing patient to breath between
Controlled ventilator delivered breaths only

PEEP > 5 cm H2O continued hypoxemia

FIO2 - fraction of inspired oxygen
PEEP - positive end- =expiratory pressure

∗ Settings from Wingfield, Raffe, The Veterinaru ICU Book, 2002.
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Tumor related respiratory distress:
diagnostic imaging possibilities 

Dr. Susanne AEB Boroffka, PhD, Dipl.ECVDI

Respiratory distress is a very common presenting complaint in emergency prac-
tice. It is essential to determine the underlying cause rapidly by using physical
examination and nonstressful diagnostic tests. Causes for respiratory distress
can be grouped according to the anatomic location: upper airways (nasal and
pharyngeal cavity, larynx and proximal trachea) and lower airways (trachea and
bronchi, lung parenchyma, pleural space or thoracic wall). The choice of diag-
nostic and therapeutic techniques depends strongly on the suspected anatomic
origin. Useful techniques include: cervical and thoracic radiographs, ultrasono-
graphy (US) and computed tomography (CT). CT and US may be used for complete
assessment of the lung and surrounding thoracic structures, to diagnose com-
plex disorders, or to aid in surgical and radiation therapy planning. 

Tumor related upper airway disease 
Differentials for upper airway obstruction include tumors and inflammatory
disease originating from the nasal cavity, pharynx, larynx and trachea.
Neoplasia does not occur very frequently but may lead to severe respiratory dis-
tress. Radiographs often do not give the entire information of the extension of
such a neoplastic process due to superposition of the complex structures of the
skull. On CT there is no superposition and detailed information on the extension
and character of a neoplastic lesion is obtained, providing information for the
best treatment plan and prognosis. US may be helpful in evaluating the larynx
and guiding biopsies. However, bleeding into the larynx and trachea may occur
after biopsy, so an emergency tracheostomy might be necessary. In cats lym-
phoma may occlude the pharynx, which may be recognized on a straight later-
al radiograph of the skull and larynx/pharynx. The nasopharynx will be obliter-
ated with soft tissues instead of air. 

Tumor related lower airway disease 
In veterinary medicine radiography is the principal technique for initial evalua-
tion of the thorax, especially when evaluating the lung parenchyma. Tumor
related causes for respiratory distress are often pleural effusion or pneumotho-
rax, either due to pleural carcinomatosis or secondary to a neoplastic disease
originating the lung parenchyma, mediastinal structures or surrounding tho-
racic structures, such as a chondrosarcoma of a rib. Also extensive metastatic dis-
ease or carcinoma’s invading the main bronchi may cause severe respiratory dis-
tress. Common parenchymal disease also includes development of interstiell
infiltrates due to tumor related infiltration and/or edema, and/or bleeding.
Furthermore, pericardial effusion with tamponade of the heart due to a heart-
base tumor or hemangiosarcoma of the right auricle/atrium may cause secon-
dary respiratory distress of the patient. 
Radiography has been described in detail in textbooks and articles. In it a great
imaging technique to obtain an overview of thoracic disease, but due to super-
position of structures and obliteration in cases of pleural effusion for instance it
may be limited in accessing the entire extension of a disease. In most patients
with respiratory distress, a radiographic examination will give a first impression
and from there on further imaging is acquired. 

Ultrasonography
Pulmonary US is still underappreciated in small animal practice. It is used to
identify rib tumors, lung masses or metastasis, enlargement of lymph nodes and
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to characterize pleural effusion. If the pleural effusion is echogenic, it is likely to
be cellular and cytology may be helpful for diagnosis. The primary advantage
over radiographs is the possibility to distinguish between pulmonary and pleu-
ral lesions and the ability to perform the US examination with the patient in
sternal recumbency, which may be more accepted by a dyspneuic patient.
Furthermore, US may visualize peripheral pulmonary parenchymal lesions,
which are not visible on radiographs when pleural effusion is present. Lesions
located beneath aerated lung parenchyma may be missed, because the air
impedes the transmission of sound. In comparison with CT, US is more acces-
sible, usually less expensive to perform and does not need sedation or anesthesia.
However, the quality of the US examination is operator dependent and requires
experience. A systematic scanning technique is advised, even though in emer-
gency patients US will be used to guide thoracocentesis and/or FNAB of lesions
diagnosed either on radiographs, US or CT examination. Knowledge of the tho-
racic anatomy, ultrasound artifacts and the sonographic appearance of normal
and abnormal lung are necessary for correct interpretation. In US of lung
parenchyma, the ribs absorb a portion of the ultrasound beam and sound waves
are not propagated but are reflected by the air within normal lung parenchyma,
making only evaluation of the surface of normal lung possible. The normal sur-
face appears as a smooth hyperechoic line just below the thoracic wall with only
tiny defects or interruptions in the hyperechoic pleuropulmonary line. The sur-
face moves (gliding sign) against the thoracic wall with the breathing of the ani-
mal and there is a pattern of reverberation (parallel, equidistant hyperechoic
horizontal lines) is visible. Abnormal lung tissue provides an acoustic window,
permitting visualization of deeper structures. 

Consolidation and atelectasis
When fluid or cells enter the alveoli and pulmonary interstitial spaces, the lungs
become consolidated and the normally visible hyperechoic line is replaced by
lung that is hypoechoic, poorly defined, and that has an echotexture similar to
that of the liver (hepatized lung tissue). The hepatized appearance of consolidated
lung may be mistaken for liver herniated through a diaphragmatic rupture. Air
bronchograms (similar to radiographs) can be seen as hyperechoic, linear
branching structures surrounded by hypoechoic lung parenchyma. These may
be traceable to the lung periphery displaying acoustic shadowing or reverbera-
tion artifacts. Fluid bronchograms (fluid within lumen of bronchus) can be seen
ultrasonographically but not radiographical, and may be seen as multiple
branching, anechoic tubular structures. Differentiating fluid bronchograms
from pulmonary vessels is possible with color flow or pulsed wave Doppler. Air
and fluid bronchogram help differentiating consolidated lung from pleural disease.
Causes of lung consolidation include pneumonia, infarction, contusion, neopla-
sia, and lung-lobe torsion. Ultrasonographically these processes appear similar,
so patient history and FNAB often play an important role in making a definitive
diagnosis. Pneumonia appears as a roughly triangular, homogenous, hypoechoic
region of lung consolidation with multiple small hyperechoic loci and irregular
and indistinct margins. Atelectic lung in pleural effusion can appear similar to
pneumonia, but usually the margins remain smooth. Compared with a radio-
graphic evaluation, US may underestimate the extent of the pneumonia and/or
neoplasia because superficial, normal, aerated lung prohibits visualization of
deeper regions of consolidation. In pulmonary atelectasls the lung volume is
reduced due to collapse caused by increased pleural pressure (pleural effusion,
pneumothorax) or bronchial obstruction. Atelectasis caused by compression
from pleural effusion (passive lung collapse), shows discrete reverberation arti-
facts in the partially still aerated lungs, whereas nonaerated lungs appear as a
hypoechoic, biconcave, sail-like structure floating within the pleural effusion.
Although atelectasis and consolidation of lungs may be difficult to distinguish,
atelectasis typically has less irregular borders and is also more easily compressed
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thus floating within the pleural effusion on real-tine examination. Atelectasis
resulting from bronchial obstruction is seen as a wedge-shaped (pleural-based),
hypoechoic region of consolidation with a mass near the hilus or as a hypere-
choic mass within a collapsed region of lung.

Neoplasia
Peripherally located pulmonary masses can be visualized with US and FNAB can
be guided with only very small risk of causing a pneumothorax. Pulmonary
abscesses usually have thick walls with irregular internal margins with a cavi-
tary center being anechoic, hypoechoic or septated. Movement of the central
contents of the abscess is often visible as the echogenic debris gravitates to the
dependent portion of the mass. If an abscess contains both fluid and gas also a
gas-fluid interfaces can be observed indicating either bronchial communication
and/or anaerobic infection. Necrotic centers of tumors can have the same cavi-
tary appearance as abscesses. Pulmonary neoplasia, either primary or metastat-
ic, is most commonly described as a round, hypoechoic, homogenous nodule or
mass, but some tumors may also have a variable echogenicity with irregular
indistinct borders. Canine bronchioloalveolar carcinomas and feline primary
lung tumors appear like focal consolidating lesions radiographical and ultra-
sonographically. Differentiation between tumors and lung consolidation
(caused by inflammation, hemorrhage, or infarction) is usually possible by the
lack of observable air and/or fluid bronchograms and normal branching vessels
within a disorganized mass. This is caused by the interstitial origin of pul-
monary neoplasms displacing the surrounding tissue rather than infiltrating
the air spaces. Then absence of the gliding sign at the level of a lung mass closely
associated with the thoracic wall, may indicate invasion or adhesion to the chest
wall. Differentiation from extrapleural masses is possible due to the lack of an
ultrasonographic extrapleural sign and concave tapered margins. However, in
extensive invasion of the chest wall, the origin of the tumor may become less clear. 

Pneumothorax
A pneumothorax may be caused by neoplasia invading bronchi causing air to
enter the pleural space. On US the absence of the gliding sign and the lack of
comet-tail artifacts (within ventilated alveoli) deep to the pleural surface make it
possible to diagnose a pneumothorax, even though the volume or extent cannot
be determined. US may be useful for identification of a pneumothorax in criti-
cally patients as a cage-side tool.

Diffuse infiltrative disease
Chronic interstitial infiltration may be seen as ultrasonographically as irregular,
coalescing, hypoechoic masses along both the pleural margin and deeper lung
parenchyma. The hyperechoic surface of the lung is irregular and rough, with
frequent or coarse interruptions resulting in an increased number of comet-tail
artifacts. Unfortunately often the US image does not add much information to
the radiograph and due to the aerated lung, FNAB is very likely to cause a pneu-
mothorax

US-guided FNAB
This is an inexpensive, safe, and accurate method for diagnosing pulmonary neo-
plasia or inflammatory lung disease. It has the advantage of real-time monito-
ring during the procedure and the possibility to use color flow Doppler US to
identify vessels in or around a tumor during the procedure so that vessels can be
avoided. The ability of color flow Doppler ultrasonography to distinguish
between benign or malignant pulmonary masses is in debate and controversial.
Therefore, cytological evaluation is always warranted for a definitive diagnosis.
If the lesion is big enough also full-thickness biopsies can be acquired with US
guidance. 
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Computed tomography 
CT images of the lung are free from superimposition by overlapping thoracic
structures. Slice collimation influences the quality of the image, meaning that
thinner slices allow for better resolution Conventional scanners vary in mini-
mum image slice thickness, ranging from 5 mm in older models to 1 to 2 mm in
more current ones. This factor, along with the overall inherent resolution of the
scanner, determines whether high-resolution techniques (HRCT) can be per-
formed. HRCT may be performed with conventional or spiral CT scanners. HRCT
involves the use of thinly collimated (1 to 2 mm) slices, edge-enhancement (or
sharp reconstruction algorithms or filters), and increased exposure techniques.
Occasionally, image matrices are targeted to a subsection of lung containing the
area of interest. These slices provide excellent anatomic detail of the lung and
are particularly useful for showing subtle parenchymal abnormalities. HRCT is
rarely used to examine the entire thorax, but is performed on a localized region
of lung or, if the disorder is diffuse, at selected intervals (eg, 1 to 4 cm apart). This
technique provides representative samples of the disease process at different levels
of the lung. HRCT is often used to complement a more global examination of the
thorax performed with dynamic or spiral scanning modes and is the most accu-
rate imaging technique for detection of metastatic nodules. Improvements in CT
scanner resolution, technological advances such as spiral CT, and the develop-
ment of high-resolution CT (HRCT) techniques have made this possible. But till
today the performance of CT in the evaluation of pulmonary disease is largely
dependent on the capabilities of the scanner and the operator. Applications of
pulmonary CT with small animals are similar to those with humans. The role of
CT will most likely progress as access to equipment and treatment possibilities
improve. 

Technical Considerations 
Conventional CT scanners acquire image slices incrementally, at a rate that
varies with the individual machine. The speed at which each slice is obtained is
extremely important during lung examination, because image quality will de-
crease with longer scan-times due to cardiac and respiratory motion (motion
artifacts). Although most conventional scanners have dynamic scanning modes
that acquire up to 8 to 12 scans per minute, the rate is still insufficient to per-
mit suspended respiration. Regardless of the scanning modes, images of the
lung should always be evaluated by using a proper CT windowing technique.
Windowing assigns a range of gray levels to tissues of interest, meaning that tis-
sues within that range appear as varying shades of gray and those outside the
range will appear either black or white. The lung window consists of a broad
window width between 1,000 to 2,000 Hounsfield units (HU) centered around a
negative value (-600 to -700 HU) enabling the aerated lung parenchyma to appear
gray. A mediastinal window consists of a narrow window width (300 to 400 HU)
centered on soft tissues (40 to 50 HU) providing adequate contrast resolution or
gray level discrimination for evaluation of the mediastinal soft tissues, pleural
space, and thoracic wall. Evaluation of the thorax requires both lung and medias-
tinal windows to avoid missing lesions excluded by the window settings.
Dependent atelectasis and gravitational pulmonary-flow differences may alter
the density of the dependent lungs and re-scanning the patient in various posi-
tions, depending on the area of interest, may be indicated. Assisted suspended
inspiration helps to assess overall lung density. Therefore it is advisable to scan
an entire thorax during one suspended respiration, also eliminating motion
artifacts caused by inconsistent lung inflation from one slice to the next. Within
a spiral CT scanner, the x-ray tube is continuously rotating as the patient is
advanced through the gantry. This process results in acquisition of a true volume
of data and sections can be reconstructed retrospectively and overlapped at any
level, producing high-quality, two-and three-dimensional images. Rapid image
acquisition also allows for scanning during optimal contrast medium opacifica-
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tion. The normal lung parenchyma has an overall gray appearance in contrast to
the black air in the trachea and bronchi. The central pulmonary arteries appear
as rounded or elliptical white densities accompanied by thin-walled bronchi of
approximately equal size. The outer walls of arteries and bronchi have a smooth
interface with the surrounding parenchyma in cross-section and along their
lengths. The walls of the large bronchi should appear smooth and of uniform
thickness. Intralobular bronchioles are not normally visible because bronchi
must be at least 2 mm to be visible and no bronchi are seen within 2 to 3 cm of
the pleural surface. The intralobular arteries and branches appear as small dots
or linear densities extending to, but not within, 3 to 5 mm of the pleural surface.

Neoplasia
CT aids in the diagnosis and staging of pulmonary neoplasia by characterizing
the type and extent of lung masses and solitary pulmonary nodules, showing
occult metastatic nodules, identifying mediastinal lymph node metastasis, and
assisting biopsy. CT is useful in differentiating mass lesions from lobar consoli-
dation, even though characterization of lung masses and nodules has not been
performed in small animals to the degree it has been in humans.
Bronchioloalveolar carcinoma may appear radiographically like lobar consoli-
dation, sometimes with-air bronchograms, and mimicking bronchopneumonia,
whereas on CT images a neoplastic lesion may be clearly identified. CT has also
been shown to be more sensitive for the identification of pulmonary metastatic
neoplasia when compared with conventional radiography. With radiography,
noncalcified nodules smaller than 5 mm in diameter are unlikely to be seen,
whereas CT may show nodules in the 3-to 6-mm range with standard techniques
and as small as 1 to 2 mm with HRCT. Hematogenous metastases are often located
peripheral and/or subpleural, making these lesions even more difficult to detect
radiographically, but easier to distinguish from vessels on a CT image. Metastatic
nodules are typically round, whereas vessels can usually be followed onto con-
tiguous slices. In a recent study spiral CT results were compared with the patho-
logical examination of 4 dogs with pulmonary metastatic osteosarcoma The
study showed that the sensitivity of CT for nodules under 5 mm in diameter was
significantly less than for those over 5 mm and false-positives were identified.
Atelectasis, blood vessels, nonspecific opacities, double counting, and nodules of
unknown origin caused falsepositive lesions. These potential limitations should
be considered when using CT as a screening tool in cancer management. The accu-
racy of CT in detecting mediastinal and hilar lymph node metastasis from primary
lung tumors has not been established in dogs and cats. Correlation of CT with
detailed anatomic studies of normal lymph node drainage is needed before this
can be precisely assessed. But CT still can be used to identify obvious hilar lymph-
adenopathy when staging primary lung tumors and other neoplastic lesions.
Intravenous contrast medium may be administered during scanning to help dif-
ferentiate enlarged lymph nodes from vascular structures. 

Pneumothorax
Spontaneous pneumothorax is usually readily diagnosed radiographically, but
the cause is often not visible. The actual sensitivity or accuracy of CT in small ani-
mals is uncertain, but CT may help to identify ruptured or intact bullae, foreign
bodies and also neoplastic disease for treatment planning and prognosis. Prior
to CT examination, it is imperative to drain the pleural space to stabilize the
patient and to allow reinflation of the lung, to avoid missng subtle lesions within
the atelectatic lung. 

Conclusion 
In conclusion, respiratory distress may be caused by upper or lower airway disease.
Radiography, US, and CT are all diagnostic imaging techniques with advantages
and disadvantages for imaging the upper and lower airways. Radiography is
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readily available, interpretation is fairly familiar and the examination can be
performed easily and quickly, which is a great advantage in dyspneuic patients.
CT and US are important adjuncts to radiography because they overcome its
limitations and provide essential morphological and functional information not
otherwise obtainable. The use of CT and US in animals has been modest so far,
however, as access to more sophisticated equipment improves, the role of these
imaging modalities in the diagnosis of pulmonary disorders in small animals
will continue to grow. 
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Tumour-related acute respiratory distress:
surgical aspects 

Laurent Findji DMV MS MRCVS DipECVS

Causes of tumour-related acute respiratory distress (TRARD) can be separated in
two broad categories: emergencies related to tumours causing obstruction of the
upper airways and emergencies related to intrathoracic tumours. Withthe latter,
the acute respiratory distress most often results from thoracic effusion
(haemothorax, chylothorax, pneumothorax, pyothorax) and emergency treat-
ment consists of managing the effusion and its consequences. This text will
deliberately be limited to surgical emergency treatment of such conditions, as
emergency management, patient optimisation and diagnosis are reviewed in
other texts of this seminar. 

Upper airway obstruction caused by tumours 

Tumour-related emergencies involving the upper airways almost always result
from their obstruction by the tumour, whether it be affecting the respiratory
tract (e.g. larynx, trachea) or surrounding structures (e.g. tonsils, palate, pha-
rynx).
When presented such an emergency, the surgeon must first evaluate if it is life-
threatening or not. In the first case, immediate action must be taken to gain con-
trol of the airway. Unless the animal is already unconscious or deeply shocked,
this requires promptly induced general anaesthesia. In most cases, endotracheal
intubation is possible, with a smaller than normal tube if necessary, and will
provide the clinician with time to investigate the cause of the affection and
make therapeutic decisions. In rare cases, a tracheostomy will need to be per-
formed in emergency, in non sterile conditions, to gain access to the trachea, but
this procedure can most often be performed under sterile and settled conditions
after an endotracheal tube has been placed. It is indicated whenever obstruction
or collapse of the pharynx, larynx or proximal trachea is a risk during and after
recovery from anaesthesia. Once the access to the lower airway is secured, oxy-
gen supplementation can be provided.
Depending on the origin, type and size of the tumour responsible for the
obstruction, the surgeon must choose between temporary or palliative measures
(mainly tracheostomy), either temporary or definitive, or immediate causative
treatment.
In TRARD, temporary tracheostomy is most useful to shunt the obstruction site
when orotracheal intubation is not possible, or to improve exposure and access
to laryngopharyngeal tumours. It can also be performed to provide an unob-
structed airway until other therapies (radiotherapy, chemotherapy) relieve the
obstruction caused by inoperable tumours. Whenever possible, however, the
tumour responsible for the obstruction should be excised as soon as the patient
is stable enough to undergo surgery. 

Temporary tracheostomy

Choice of the tube 
Tracheostomy tubes can be cuffed or non-cuffed, simple or with interchangeable
cannulas and made of different materials. Metallic tracheostomy tubes have little
indications in small animals. They are the most rigid tubes and are still occasionally
used for mechanical support after tracheal reconstruction. Most tubes used in
veterinary medicine are made of polyvinyl chloride. They are of intermediate
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rigidity and fit most purposes. Lastly, silicone tubes are now more widely avail-
able and are the softer type of tubes. They are better tolerated but more expen-
sive, and their flexibility can be useful whenever the tracheal conformation does
not match well with polyvinyl chloride tubes. The tube can be cuffed or non-
cuffed. Cuffed tubes have few indications in small animals. The only rationale
for using a cuffed tube is the need to provide assisted ventilation. Cuffed tubes
can also be used for tracheostomies which are part of a surgical procedure, so
that no leaking is present between the anaesthetic circuit and the airways. If
needed, only high volume low pressure chuff should be used. Cuffed tubes
occlude the portion of the trachea they do not fill and therefore narrow the
functional airway and carry a higher risk of airway obstruction. Non-cuffed
tubes are therefore most commonly used. Tubes can have inner cannulae or not.
Inner cannulas make cleaning of the tube easier, as they can be removed and
either changed or clean, without the need to remove the tracheostomy tube
itself. Disposable inner cannulas are also available. When using tubes without
inner cannula, cleaning the tube involves taking the actual tube out, and either
changing it or cleaning it. It is however important to note that even when using
inner cannulas, the tube should be taken out regularly to be checked and
cleaned. The cannulas only decrease the frequency with which the entire tube
has to be removed and replaced. 

Placement 
Whenever possible, a endotracheal tube is placed, securing access to the airway
and bypassing the obstruction site. The patient can then be prepared aseptically
as for any other surgery. In rare cases, the tracheostomy will have to be a life-sa-
ving emergency procedure on a patient which cannot be conventionally intuba-
ted. In these latter instances, the amount of preparation prior to performance of
the tracheostomy has to be evaluated against the degree of respiratory obstruc-
tion and can go from none (imminent death) to complete (partial obstruction
and oxygen supplemented via nasotracheal, orotracheal or tracheal catheter). 
The patient is placed in dorsal recumbency. The entire ventral aspect of the neck
is clipped and aseptically prepared. A midline longitudinal incision is made cen-
tred over the 4th or 5th tracheal ring. Blunt dissection between the sternohyoid
muscles gives access to the trachea. The trachea is dissected as required to gain
sufficient exposure, and care is taken not to damage the recurrent laryngeal
nerves or extend the dissection excessively. Different techniques have been
described to open the trachea. The simplest one, here described, has our prefe-
rence. A limited transverse incision (a 1/4 of the tracheal diameter long) is made
between two tracheal rings. Through this incision, two stay sutures of large size
(e.g. 4-metric, non-absorbable monofilament such as nylon or polypropylene) are
placed around the tracheal rings adjacent to the incision. Using the stay sutures,
the trachea is gently elevated and the incision can be extended under direct visu-
al control. Care must be taken not to incise too extensively (<50% of the tracheal
diameter). I prefer to progressively enlarge the initial incision until the chosen
tracheal tube can be inserted without inappropriate strain on the tracheal inci-
sion edges. The tube diameter should not be more than 50% of that of the tra-
chea. The stay sutures are left in place and marked with tape at their ends, so
that they can be easily identified in case of emergency. The tube is secured with
cutaneous sutures, umbilical tape around the neck, or both. If the cutaneous
incision length exceeds by far what is necessary for the tube, the wound can be
partially closed. 

Tracheostomy care 
The placement of a tracheostomy tube is straightforward and of no significant
difficulty. The most critical aspect of a tracheostomy is the amount of care it
requires after placement. The presence of the tube has several consequences.
One of the roles of the upper airways is to warm and humidify the inspired air.
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In our countries, ambient air is 50% humidified and at temperatures around
20°C. Under normal circumstances, the air reaching the alveolae is 100% humi-
dified and at core body temperature (38°C). When a tracheostomy tube is placed,
the upper airways are by-passed and the air has to be humidified before admi-
nistration to prevent desiccation of the airways. This can be done by means of
humidifiers or nebulisers, 4 to 6 times daily for 15 to 20 minutes. Only sterile fluids,
either water or preferably saline, should be used. Alternatively, if no such treat-
ments are available, 2 to 5 millilitres of sterile saline can be instilled down the
trachea through the tracheostomy tube every 1 to 2 hours. The upper airways
also act as filters for large particles. When a tracheostomy is performed, such
particles are more likely to reach the lower airways and promote local inflam-
mation and infection. Tracheostomies predispose to retention of bronchoalveo-
lar secretions by several mechanisms. First of all, within minutes of placement
of a tracheostomy tube, the mucociliary escalator is depressed and the airways
tend to dehydrate, which make the secretions thicker. Furthermore, the animal
can cough, but the closed glottis is by-passed. Therefore, the cough is ineffective
and removal of secretions by this means is impossible. The retained secretions
predispose to infections, especially as the trachea is rapidly colonized with
oropharyngeal flora after tracheostomy. Therefore, efforts have to be made to
keep the airways as clean and unobstructed as possible. To this purpose, the tra-
chea is regularly humidified and sucked. Usually, this is performed every 1 or 2
hours initially. After humidification, chest percussion (coupage) is also useful in
mobilising the secretions, which are therefore more likely to be removed by suc-
tion. A purpose-designed suction catheter can be used, but if not available, soft
urinary catheters or feeding tubes can be mounted on the suction machine. The
diameter of the suction tube must not exceed 50% of the tracheostomy tube
diameter to avoid inducing massive pulmonary actelectasis. Care must be taken
not to traumatise the airways and to apply suction in short separate periods
(10-15 sec) to minimise the discomfort and the respiratory impairment it
induces. Moreover, suction of the airway induces vagal stimulation which can
lead to cardiac bradyarrhythmias. Clinically or electrocardiographically moni-
toring the heart rate and rhythm is therefore appropriate. The tracheostomy site
is an open wound and must be treated as such. It should be cleaned and disinfec-
ted at least daily, or more frequently as needed. 
In cats, the risk of tube occlusion as a result of secretion production is reported
to particularly be a problem1. Cats are known to produce large amounts of thick
secretions, which are prone to occlude the tube, especially as their small trachea
only accommodates narrow tubes. In a retrospective study involving 23 cats, it
appeared that the complication rate was high after temporary tracheostomy:
40% of cats had major complications (life-threatening) and 67% had minor com-
plications (not life-threatening)2. The overall complication rate was 87%2.
However, many of these cats had a temporary tracheostomy as part of the manage-
ment of laryngeal masses, which have been reported to be associated with
increased secretions. When cats affected with a neoplastic process were exclu-
ded, it appeared that the tracheostomy was associated with a good prognosis
with 91% of animals discharged to home without subsequent complications2.
Therefore, in cats, the tracheostomy care is even more demanding than in dogs,
but if carried out properly, temporary tracheostomies themselves are associated
with a good prognosis, unless the underlying disease is neoplastic, especially
affecting the larynx. 

Tracheostomy tube removal 
Because of the consequences of the presence of the tracheostomy tube, it should
be removed as soon as the animal can breathe without it. It is therefore useful
to regularly evaluate whether the animal can be weaned off the tube. To this pur-
pose, the tube should never be left in place and obturated! The tube occupies a
significant portion of the tracheal lumen and closing it results in severe obstruc-
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tion. Furthermore, when closed, the tube is nothing but a narrowing of the tra-
cheal lumen, which favours tracheal collapse and inflammation as a result of
the Venturi and Bernoulli effects. To test whether the animal can breathe with-
out the tube, it must be removed. However, the surgeon must be ready to replace
the tube, should significant dyspnoea result. Alternatively, the tube can be
replaced by a smaller tube. If the animal breathes well with this smaller tube, it
is left in place and another test is carried out later. The stay sutures in the tra-
chea are left in place until it is ascertained that the animal will not need the
tube to be replaced (e.g., 12-24 h after tube removal). They can then be removed
and the wound is left open to heal by second intention. It should not be ban-
daged. Wound and tracheal healing complications are uncommon. When a tra-
cheostomy is performed under sterile conditions and left a few hours only, as
when it is a preliminary step in a surgical procedure, in can be closed primarily.
A few slowly-absorbable or non-absorbable monofilament sutures (e.g. polydio-
xanone, polypropylene) are used to suture the tracheal incision and the rest of
the wound is closed routinely. 

Permanent tracheostomy 

When the obstruction is thought to be permanent and not amenable to treat-
ment, a permanent tracheostomy can be considered as a definitive treatment.
Different techniques have described1. Whichever technique is chosen, three
main points have to be remembered. First, the tension on the stoma must be
reduced as much as possible. To this purpose, the separated sternohyoid muscles
can be sutures together dorsal to the trachea so that they push it ventrally and
bring it closer to the cutaneous level. Second, it should be accounted that the
stoma will contract during would healing, and the initial size sought must be
approximately 50% larger than the desired final size. Third, to minimise steno-
sis and granuloma formation at the stoma edges, it is important to achieve pre-
cise muco-cutaneous anastomosis. 
In the simplest technique, the approach is similar to that of a temporary tra-
cheostomy. The trachea is dissected over approximately 4 to 6 rings on its entire
periphery. The sternohyoid muscles, separated during the approach, are joined
and sutured dorsally to the trachea as mentioned above. The trachea is thereby
brought superficially in the surgical field. Over 3 to 5 tracheal rings, a rectangle
incision outlining the ventral 1/3 of the trachea is made and care is taken not to
include the tracheal mucosa. The choice of the tracheostomy length has to
account for an average of 50% contraction in the long-term, but also depends on
the tracheal wall. The longer the tracheostomy site, the more likely the trachea
is to collapse at its level. Caution must therefore be exerted when performing tra-
cheostomies on flaccid tracheas. The tracheal rings and ligaments are dissected
free of the tracheal mucosa. After excision of the ventral third of 3 to 5 rings, the
extraluminal side of the mucosa should be visible and intact in the rectangle. A
slightly larger rectangle or ellipse of skin, centred over the initial cutaneous inci-
sion is also excised. I usually then place a few sutures between the remaining
part of the tracheal rings at the edges of the excised rectangle and the soft tis-
sues around the planned stoma site, in an effort to limit tension of the future
mucocutaneous anastomosis. The mucosa is then incised longitudinally in its
midline, opened, and anastomosed to the skin. In the first few days after surgery,
the same type of care as after temporary tracheostomies can be applied.
Progressively, the airway can be less and less often humidified. Eventually, no
humidification is required, and the airway adapts to drier air by undergoing
squamous metaplasia. The wound must however always be kept clean and free
or hair, for the rest of the animal’s life. Petroleum ointment can be applied to
prevent desiccation of the stoma and ease removal of tracheal debris which will
accumulate around it. In my experience, such debris are abundant initially but
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their amount decreases over time. Operated dogs should be prevented from run-
ning is high grass fields as they may inhale particles, or the stoma must be pro-
tected. Of course, going for a swim will no longer be an option! Permanent tra-
cheostomies can be straightforward and well tolerated. However, in a fair num-
ber of cases, difficulties arise from the neck conformation and its loose skin.
Depending on the dog’s position, skin folds can occlude the tracheostomy site.
In certain cases, combining judicious skin excision with the tracheostomy can
minimise these complications. This is however better done after complete heal-
ing of the stoma, as it my otherwise result in more tension on the muco-cuta-
neous anastomosis. In the meantime, a tracheostomy tube can be used to pre-
vent occlusion. In cats, permanent tracheostomies have been associated with
high complication and mortality rates: in a study involving 21 cats, the median
survival time was 20 days3. Fourteen cats were dyspnoeic postoperatively, most
often because of mucous plug formation at the tracheal stoma or elsewhere in
the respiratory tract. Eleven cats died (6 in hospital, 5 at home) and 7 were
euthanased as a result of progression of the disease prompting tracheostomy.
Dehiscence is another potential complication although, if care is taken to min-
imise tension of the anastomosis, it is uncommon. 

Definitive treatment 
As stated above, whenever possible, excision of the tumour responsible for the
obstruction is performed as soon as the patient is stable. Most frequently, life-
threatening tumour-related upper airway obstructions are caused by tumours of
the soft palate, pharynx, tonsils, larynx and trachea. The description of their sur-
gical treatment is beyond the scope of this text. 

Thoracic emergencies 

Tumour-related thoracic emergencies which involve surgery result from the pro-
duction of thoracic effusion. In a first step, the treatment consists of the non-spe-
cific, symptomatic management of the different types of effusions: haemo-
thorax, pneumothorax, pyothorax and chylothorax. In a second step, when the
animal is stable enough to undergo diagnostic tests and surgery, the diagnosis
and treatment are aimed at the tumour itself. 

Thoracostomy tube placement 
The choice of the side(s) of thoracostomy (chest) tube placement is made from
radiographic views of the chest. Ultrasonography can also be useful to determine
the optimal position of a chest drain, and it is widely used to assess loculation of
the effusion and guide placement of small-bore catheters in human medicine4-7.
Most commonly, chest tubes are placed under general anaesthesia. If the pleural
effusion prompting placement of the tube(s) is causing respiratory impairment
significantly increasing the anaesthetic risk, thoracocenteses are performed as
necessary and the animal is optimised prior to chest tube placement. Different
types of tubes can be used as chest tubes. Commercially-available tubes are usually
made of polyvinyl or silicone and contain a metal trocar-tipped stylet to faci-
litate placement. Many other types of tubes (e.g. feeding tubes) can be used as
thoracostomy tubes and be placed with Carmalt-type forceps. When using non-
specific tubes, additional holes need to be made, depending on the number of
holes already present at the extremity of the tube. In this case, the length of the
portion of the tube which will be inside the thoracic cavity must be anticipated
so that no holes are located outside the thoracic cavity. Dedicated chest tubes
usually are stiffer than other tubes, which eases their correct placement and
make them more resistant to kinking and collapse. These stiffer tubes may how-
ever cause more discomfort than more supple ones. The widespread recommen-
dations are to approximate the tube size to that of one of the mainstem bronchi,
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as seen on a lateral thoracic x-ray. This leads to using tubes ranging from 14 to
36 French, depending on the size of the patient. However, this rule should not
be applied too rigidly and the tube size should also be adapted to the viscosity of
the thoracic contents to be drained: smaller for air, intermediate for transudate
or blood, larger for chyle or pus. Using tube which is larger than necessary will
indeed induce more inflammation, which will itself be responsible for the pro-
duction of thoracic effusion and discomfort. Recently, the use of small-bore
chest tubes has gained interest in human medicine4,5,8 and has been found to be
associated with lower complication rates than large-bore tubes placed under
pressure. It has been studied in small animals and appeared to be efficacious and
associated with minimal complications, even when used to drain viscous fluids
such as pus9,10. Such an approach is therefore worthy of consideration or, in the
least, should engage to use smaller chest tubes than classically recommended. To
place a large-bore chest tube, the animal is positioned in lateral recumbency on
the opposite side. The lateral aspect of the thorax is entirely clipped, extending
over the cranial portion of the flank. It is then prepared for an aseptic proce-
dure. Sterile surgical gloves are worn and sterile drapes are ideally used to cover
the non-prepared areas of the body. The entire procedure is carried out in an
aseptic manner. 
The cutaneous and intercostal incisions must be staggered to reduce the risk of
occurrence of a iatrogenic pneumothorax as the tube is inserted, left in place
and after its removal. The skin incision is therefore always located a few centime-
tres caudodorsally to the site of penetration of the tube through the intercostal
muscles, and the tube is tunnelled cranioventrally. It can be tunnelled directly
under the skin or deeper, under the latissimus dorsi muscle11. In a cadaveric
study, the use of trocar-implemented tubes tunnelled under the latissimus dorsi
appeared the least prone to create a iatrogenic pneumothorax compared to tro-
car-implemented tubes tunnelled subcutaneously and Carmalt-forceps-imple-
mented tubes tunnelled under the latissimus dorsi muscle or subcutaneously12.
When a subcutaneous tunnel is chosen, 2 techniques exist to create it. The first
technique is to make the cutaneous incision over the 2nd or 3rd intercostal space
caudal to the intercostal space through which the tube should enter the thoracic
cavity. The tunnel is then made by blunt dissection towards this targeted point
of penetration. The second technique consists of having an assistant grab the
skin over the craniolateral aspect of the thorax and pull it cranioventrally. The
cutaneous incision is then made over the desired point of penetration of the tho-
rax and the tube is then pushed into the thoracic cavity directly underneath this
incision. When the skin is released, its movement in a caudodorsal direction will
create the tunnel. 
Penetration of the tube inside the thorax is made by thrusting the trocar or
Carmalt forceps through the thoracic wall, in the caudal portion of an inter-
costal space (i.e. immediately cranial to the caudal rib) to reduce the risk of
injury to the intercostal artery, vein and nerve. This is usually done by hitting on
the top of the trocar or Carmalt forceps to apply a brisk thrust. The penetration
movement is perpendicular to the thoracic wall and must be controlled to mi-
nimise the risk of injury to the intrathoracic structures, especially the lungs.
Less force is necessary to push trocar-implemented tubes through the thoracic
wall which gives a better control of the movement, but the sharp tip of the tro-
car can damage intrathoracic structures more easily than Carmalt forceps. On
the other hand, penetrating the thorax with Carmalt forceps requires consider-
able force, which makes precise control of the movement more difficult. In both
cases, to avoid penetrating the thorax too deeply, the tube is grasped with the
non-dominant hand 2 to 3 centimetres (corresponding to the desired depth of
penetration) above the surface of the thoracic wall. This way, even on abrupt
penetration of the chest, the length of instrument allowed to enter the chest will
be limited. Once inside the thorax, the tube is advanced cranioventrally until its
tip is expected to be immediately dorsal to the first sternebrae. With trocar-
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implemented tubes, this is done by withdrawing the trocar inside the tube, so
that its sharp end is covered, and using the rigid trocar to orientate the tube in
the right direction. The tube is then advanced along the trocar. With Carmalt-
forceps implemented tubes, correctly positioning the tube can be more difficult,
especially when the tube is very supple. The length of tube to insert is deter-
mined by measuring the distance between the cutaneous incision and the first
sternebrae and marking the reported distance on the tube with a sterile marker.
The tube will then be advanced until this mark comes flush with the skin inci-
sion. Alternatively, a second similar sterile tube can be used as a reference to
ascertain that the appropriate length of tube is inside the thorax. The cutaneous
incision is narrowed to march the size of the tube by placement of a purse-string
or simple suture. A wide simple suture can be placed around the tube midway
between the skin incision and the point of intercostal penetration, to ‘close’ the
dissected tunnel around the tube. The chest tube is then secured by placement
of a Chinese finger-trap suture. If a contralateral tube is needed, the tube is pro-
tected with a sterile padded dressing and the animal is positioned in lateral
recumbency on the other side. The same procedure is repeated. Correct place-
ment of the tube(s) is controlled radiographically. Each tube exit point is disin-
fected, potentially protected with an antiseptic ointment (e.g. povidone oint-
ment) and covered with dressings. In tumour-related pleural disease, chest
drains can be required to allow initial optimisation of the emergency patient.
However, a thoracotomy is often required for definitive treatment and chest
drains are then kept or placed during surgery for postoperative use, for drainage
of the pleural cavity as well as intracavitary infusion of local anaesthetics or
chemotherapeutic agents. The chest tubes are then used for intermittent or con-
tinuous suction, depending on the type and amounts of air or fluids produced.
When a tube is no longer needed, it is removed by simple traction after section
of the finger-trap pattern suture. Its stoma is left to heal by second intention and
need to be covered with a dressing for 24 to 48 hours. By then, it is usually sealed
and airtight, and can be left uncovered. It is widely stated that the drain itself
induces the production of 0.5 to 2 ml/kg/day of pleural fluid and that chest tubes
should not be removed until less that 2 to 3 ml/kg/day of pleural effusion is
drained. However, it has been showed that drains could be removed while the
pleural effusion production was much greater than 3 ml/kg/day without inci-
dence on the outcome, if data from clinical examination and clinical pathology
supported their removal13. This shows that the amount of effusion produced is
only one of many criteria to take into consideration in making the decision to
remove chest drains. 

Definitive treatment 
As stated above, the treatment of many tumours responsible for acute respiratory
distress includes thoracic surgery, which ideally requires preoperative investiga-
tions (diagnostic imaging especially) for careful planning of the procedure. After
possible initial emergency management and optimisation of the patient, which
may require chest drain placement, such investigations and surgical procedures
are usually embarked on in a more elective context. Their description is beyond
the scope of this text. 
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Cancer and the Acute Respiratory Case

David J. Argyle

Cranial Mediastinal Mass

- Dyspnoea
- Tachypnoea
- Coughing
- Precaval syndrome 
- Swelling of the face, brisket and legs because of obstruction to venous and

lymphatic drainage

Differential Diagnosis:
Commonly:

- Lymphoma
- Thymoma

Less Common:
- Branchial Cyst
- Ectopic Thyroid
- Chemodectoma

Key Points:
• Lymphoma is the most common differential, then thymoma.
• Thymoma may be associated with paraneoplastic myesthnia gravis. There may

be evidence of concurrent megoesophagus and associated regurgitation.
• Paraneoplastic hypercalcemia can occur with both lymphoma and thymoma
• Cytology for lymphoma and thymoma is notoriously difficult to interpret. 
• Cytology can not be relied on totally for diagnosis.
• Lymphoma is a lymphoid tumour, thymoma is an epithelial tumour.
• If a cytologic sample of a thymoma is largely represented by its lymphoid com-

ponent, then a misdiagnosis of lymphoma could be made. Thus, tissue biopsy 
is often required to differentiate lymphoma from thymoma. 

Diagnosis: 
• History and clinical examination
• Routine CBC / Chemistry and urinalysis
• Thoracic Radiography
• If available CT imaging
• If pleural effusion then take some for cytology
• Transthoracic needle Cytology
• Ultrasound guided biopsy
• +/- Surgical Exploration

Treatment
In patients with respiratory distress:
• Even with pleural effusion, chest drainage still leaves a compromised patient

as there is still a large mass in the thorax.
• Where a diagnosis of LSA is made, then treatment with a combination of i.v.

Dexamethasone at 0.2mg/kg slowly combined with i.v. Vincrstine, can cause a
dramatic resolution of clinical signs within a 24 hour window. The animal
should be kept calm in a confined space. In sever cases, in dwelling nasal oxygen
can be delivered.

Thymoma grows either expansively, pushing thoracic structures to the peri-



110 ONCOlogisch Treffen 2011

David J. Argyle

phery, or by interweaving with thoracic structures. The former is more likely to
be amenable to surgical excision. In Thymoma, where there is a large tumour
than cannot be resected, then the tumour can be “down-staged” with neoadju-
vant chemotherapy (CHOP) or radioptherapy (1 fraction of 8Gy). If the patient is
a surgical candidate and is fit enough for surgery then surgery is the treatment
of choice.

Malignant Pleural Effusion
- Dyspnoea
- Tachypnoea
- Lethargy
- Anorexia

Diagnosis of Malignant Effusions
- History and clinical signs
- Diagnostic Imaging (radiography, ultrasound)
- Fluid analysis

- Cytology of fluid may be helpful
- May require:

- Thoracoscopy
- Exploratory surgery and biopsy

Differential Diagnosis
- Thymic Lymphoma
- Mesothelioma
- Trancoelomic metastasis from a malignant epithelial tumor (carcinomatosis)

Heart base tumour
- Disseminated carcinoma of undetermined primary (carcinomatosis)
- Thymoma

Non-Specific Therapy
For malignant effusions where an underlying cause cannot be found or if pallia-
tion is required, then intracavitary or systemic chemotherapy can be considered.

- Drugs that have been used include cisplatin, carboplatin and mitoxantrone. 
- Recommend referral to specialist oncologist

Cardiac Tumours
- Can be:

- Within the chambers of heart
- Intramural
- Within the pericardium
- At the heart base

- Right atrial haemangiosarcoma (most common)
- Aortic body tumour (heart base mass)

- Also called chemodectoma or paraganglioma
- Lymphoma
- Ectopic thyroid tumour
- Myxoma
- Sarcoma
- Mesothelioma

Can Cause Acute signs:
- Haemangiosarcoma most commonly associated with haemorrhagic pericardial

effusion and cardiac tamponade.
- Obstruction of blood flow out of the heart results in:

- Heart murmur.
- Jugular distension
- Ascites
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- Pleural effusion
- Pulmonary oedema
- Cranial Vena Cava (or precaval) syndrome

- Distruption to electrical conduction leading to dysrrhythmia
- Cough
- Dyspnoea

Diagnostic Work-up

- History and Clinical examination
- CBC / Chemistry / urinalysis
- Thoracic Radiography
- Electrocardiography
- Echocardiography
- Ideally thoracic CT
- Cytology of effusions is usually of little value. 
- Main aim is to determine the extent of disease (tumor stage).

Management
- Initial Medical management:

- Stabilize cardiac function e.g. dysrhythmias
- Emergency pericardiocentesis if required.

- For solitary lesions that can be surgically excised, then surgery is the treat-
ment of choice.

- Surgery should be performed by an experienced surgeon
- Treatment should always include a sub-phrenic pericardectomy or pericardial

windown performed by thoracoscopy
- All procedures must be considered palliative.
- The value of chemotherapy is limited but may be considered for lymphoma,

hemangiosarcoma and mesothelioma.
- Radiotherapy may be considered for aortic body tumors

Specifics:
- For right atrial haemangiosarcoma, the prognosis is poor. Surgery, including

pericardectomy, combined with chemotherapy offers the longest survival
times, with median survival times reported between 5-8 months months.

- Aortic body tumours are usually non-resectable, but dogs may benefit from a
sub-total pericardectomy

- There may be a role for radiotherapy but this has not been proven. 
- Due to the rarity of other tumor types, prognosis is difficult to predict accu-

rately in these cases. In general, prognosis is guarded to poor. 
- Tumors detected incidentally (i.e. no clinical signs) may in some cases have a

more favourable prognosis if they are associated with slow growth (eg, 
ectopic thyroid tumor) 

Lung Tumours 
Key Points:
• Pulmonary neoplasia is either primary or metastatic.
• Metastatic neoplasia is more common than primary lung cancer. The lungs are

the most common site of distant metastasis for most cancers.
• Middle to older animals are most commonly affected.
• Most primary lung tumours are malignant, with epithelial tumours (carcinoma)

predominating 
• Rate of metastasis of primary tumours is moderate at the time of diagnosis

and high late in the course of the disease.
Sites of metastasis include regional lymph nodes, lung and bone

•Surgery is the treatment of choice for non-metastatic, resectable pri-
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mary lung tumours
• Prognosis associated with primary lung tumours is most favorable for well-

differentiated tumours without metastasis and without clinical signs
• Primary tumours detected incidentally are associated with the best prognosis
• Prognosis associated with pulmonary metastatic disease is often poor unless

effective chemotherapy treatments exist
• Hypertrophic osteopathy is the most common paraneoplastic syndrome asso-

ciated with pulmonary neoplasia

Clinical Signs:
• Clinical signs of pulmonary neoplasia signs include those attributable to the

presence of the tumour(s), non-specific signs and signs related to a paraneo-
plastic syndromes (Hypertrophic osteopathy).

• Clinical signs have often been present for weeks to months
• Clinical signs can develop acutely secondary to tumour-related pneumothorax,

hemothorax, or pleural effusion

Treatment: 
• Treatment is based on clinical stage of disease
• Surgical excision is the treatment of choice for solitary lung tumours with no

distant metastasis
• Chemotherapy has low to modest activity against primary lung cancer
• Chemotherapy may be considered for non-resectable or incompletely excised

primary tumors as well as tumors with metastasis.
• Platinum drugs (cisplatin, carboplatin) and vinorelbine have been reported for

primary tumors of epithelial origin (carcinomas)
• Chemotherapy may be considered for pulmonary metastatic disease secondary

to chemosensitive cancers elsewhere in the body such as:
•CHOP†-based protocol for lymphoma
•CCNU for histiocytic sarcoma
•Platinum drugs for osteosarcoma

Prognosis:
• Overall median survival time for dogs with resectable primary lung tumours

is approximately one year after surgery. Clinical and histologic variables are
predictive for outcome (see chart below).

• Median survival time for dogs with unresectable primary tumours is several
weeks to a few months.

• The benefit of chemotherapy for primary lung tumours in the adjuvant or
gross disease setting is unclear but is considered to be low to modest.

• Median survival time for dogs with metastatic cancer in the lungs is generally
poor. Lymphoma may be an exception if chemotherapy is used.

Prognosis in Cats:
- Overall median survival time for cats with resectable primary lung tumours

is approximately 4 months after surgery, however individual cats can survive
2-3 years or longer. 

- Histologic grade is prognostic
- Poorly differentiated tumours are associated with an unfavorable

prognosis
- Prognosis for cats with non-resectable lung cancer or metastasis is generally

poor.
- The benefit of chemotherapy in the adjuvant or gross disease setting for

primary pulmonary or metastatic disease is unclear and considered minimal.
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Prognostic indicators for dogs with resectable lung tumours

Prognostic indicator for cats with resectable lung tumours

Positive Indicators Negative Indicators

Tumour type Adenocarcinoma Squamous cell carcinoma
Papillary carcinoma (usually diffuse)

Histologic grade Well-differentiated Poorly differentiated tumours
tumours High grade tumours
Low grade tumours

Tumour size <5 cm diameter >5 cm diameter

Tumour location Located peripherally Located centrally or
in the lung in the peri-hilar region

Pleural effusion

Presence of clinical No clinical signs Presence of clinical signs
signs at diagnosis Incidental finding

Size of regional lymph Not detectably enlarged Detectably enlarged
nodes (radiographically,
by CT or grossly)

Lymph node status or No metastasis Metastasis
presence of distant
metastasis

Median survival time >1 year 1-8 months
>2 years in some cases

Positive Indicator Negative Indicator

Histologic grade Well differentiated Poorly
tumour differentiated
Moderately tumour
differentiated
tumour

Median survival time 2 years 2.5 months



114 ONCOlogisch Treffen 2011

Notes



115

J.H. Robben

A smart design of your intensive care unit?
An important prerequisite to deliver
high quality critical care

J.H. Robben, DVM, DipECVIM-CA, PhD

1. Introduction
Emergency and intensive care medicine services are often completely entwined
in small animal practices. Also the Veterinary Emergency and Critical Care
Society (VECCS) in their ‘Recommendations For Veterinary Emergency And
Critical Care Facilities’ does not make a clear distinction between the two med-
ical fields (1). However, for future development the strongly affiliated disciplines
of emergency and intensive care medicine should be considered as two separate
disciplines with a lot of common knowledge and interests, but also with impor-
tant differences, especially in organization and aims. Also the designs for an
emergency or an intensive care facility demand different conditions and aims.
The focus here will be on the design of intensive care facilities.
No consensus or standard exists on what constitutes an Intensive Care Unit (ICU)
for companion animals. In the veterinary literature, and also in the VECCS
guidelines, ECC has primarily been described and defined with the idea to
design primarily an emergency facility with a special focus on the availability of
specialized equipment, the organization, the medical capabilities and the
staffing (1-4). Also in the human medical literature attempts to define standards
concerning the design of intensive care facilities are limited, but, if available,
very informative (5,6).
This presentation is not intended to give an instruction on a standardized ICU
design but expresses ideas from the author he learned from the literature and
personal experience while building a companion animal ICU. He hopes to pass
this experience on to others that intend to built an ICU facility. Maybe some cob-
webs can be cleared and some ‘blind spots’ pointed out.

2. Location within the hospital
The unit has to be positioned within the hospital in relation to other facilities
such as operating theatres, wards, and emergency services. Attention to the rela-
tionship to these facilities and ancillary services in the hospital is of the utmost
importance.
The facility as a whole has to be located near the surgical theatres and in close
proximity to the recovery room. This not only allows for easy transport of surgi-
cal patients but also enables the exchange of mutually used equipment. When
emergency services (ES) are provided, preferably this also has to be located close
to the ICU. But it is best to keep these facilities well separated as emergency med-
icine is often hectic, while the ICU has to be as uncomplicated as possible. Traffic
to other or by other services like the ES should not pass through the unit to
reduce commotion in the ICU and the chance of introducing infectious diseases.
Special attention has to be paid to creating close links with departments where
diagnostic procedures are performed, like the clinical laboratory and the diag-
nostic imaging facilities.

3. Unit configuration
The stringency of the description of the ICU patient is one aspect that deter-
mines the number of patients, ergo the capacity of the facility. When the unit is
restricted to ‘real’ critically ill patients a unit size of 8 to 12 cages is often consid-
ered. Furthermore, the expected design, functional and technical demands on
the ICU should be based on an evaluation of the admission and discharge crite-
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ria, expected rate of occupancy, and services provided by other disciplines with-
in the hospital (6). 
Whatever the definition of the ‘ICU patient’, one aspect should be considered
the primary hallmark of any ICU and that is the fact patients are monitored,
treated and cared for nonstop, around the clock. Intensive care medicine cannot
be instituted when it is not possible to offer services 24 hours a day, seven days
a week. For this, one needs well-trained veterinary health care technicians, with-
out whom an ICU cannot be run at a high quality level. While the attending vet-
erinarian is responsible for patient evaluation and medical management of
patients, nurses are the bedside providers who administer most of the care. This
round-the-clock presence of care givers asks for special attention to the design of
the unit.
An ICU design may consist of three major areas: 

1. Staff work areas
2. Patient area
3. Ancillary services

3.1. Staff work areas
A central nursing station should provide a comfortable area of sufficient size to
accommodate all necessary staff functions. A separate area or desk for tasks as
compiling more detailed records, completing requisitions, and telephone com-
munication should be provided in an area that by preference is acoustically, but
not visually separated from the patient area. The preferred design is to allow a
direct line of vision between the patient and the central nursing station. Sliding
glass doors and glass partitions facilitate this arrangement (6).
Depending on the size available, this nursing station could also accommodate
other functions such as a small kitchen, a book collection, computer terminals,
or printers. 
If this nursing station does not provide enough room for all these facilities and
functions, a separate office or administrative room should be available close to
the ICU. A staff lounge must be available on or near the ICU to provide a private,
comfortable, and relaxing environment.

3.2 Patient area

3.2.1. Floor plan
Overall, ICU floor plan and design should be based upon patient admission pat-
terns, staff and visitor traffic patterns, and the need for support facilities such as
nursing stations, storage, and services that are unique to the individual institution.
The unit should provide effective circulation of staff, owners, patients and equip-
ment. This means that doors and aisles should be designed such that, if neces-
sary, stretchers (= immobile patients) and larger equipment can easily pass. No
through traffic to other departments should occur.
The possibilities for a floor plan are limitless and visiting different ICUs will
show variations that will help you figure out what fits your needs the best. The
number of staff in a veterinary ICU is often limited, especially in comparison to
human medicine, and a staff members should be able to monitor different
patients at the same time. Therefore, it is of the utmost importance to have visu-
al contact with ICU patients. Cages have to be arranged and designed in such a
fashion that observation of all patients by direct or indirect (e.g. by video moni-
tor) visualization is possible from any location in the ICU at all times. This per-
mits the monitoring of patient status under both routine and emergency cir-
cumstances. 

3.2.2. Cages
As the care and treatment of patients is the core business of an ICU and this busi-
ness primarily is performed in and around patients, the design of the cages is of
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the utmost importance. Patient modules should be designed to support all nec-
essary healthcare functions. In the current veterinary ICUs six basic ‘cage’
designs can be found.

1. Kennel/run type. This is just a small fenced space with a door. It is often used
for larger dogs. 

2. Multiple-cage type. This type cage is built out of stainless steel, fibre glass or
synthetic material and are stacked in different arrangements. The cages
have a wire or glassed front with a door, but all other sides are closed. This
setup of cages is most widely used in companion animal ICUs.

3. Oxygen cages. Despite the well-known disadvantages several ICUs have one
or two oxygen cages available for their patients. 

4. Wall-mounted singular type. This type was developed at the Department of
Clinical Sciences of Companion Animals in Utrecht, the Netherlands in the
early seventies and spin offs appear to spread slowly to ICUs throughout
Europe. The cages are mounted to the wall so that the bottom of the cage is
at table height. The basic design is like a metabolism cage. 

5. ‘Playpen’ type. Except for the first type, none of the above cages really are
convenient for really big dogs that need intensive care. For these patients,
this type is ideal. It is a large cage with its bottom lifted about 40 cm from
the floor: easy for the patient to step into, but raised far enough to ensure
hygiene.

6. ‘Mechanical ventilation’ station. An ICU that has the resources to perform
long term mechanical ventilation should have 1 to 3 stations specifically
designated for this task. An open area and in the centre a hydraulic table for
the patient serves best. At the head of the table the ventilator should be
positioned as well as most of the other equipment.

The choice of cage types to install in the ICU depends on the types of patients
and the level of care that can be supplied. Often a combination of different types
to accommodate different types of patients, best services the need of patients
and care givers, and considers the limitations caused by the organization and
space.
Mechanical requirements at each cage, such as electrical power, vacuum, oxy-
gen, compressed air, and vacuum outlets, must be organized to ensure safety,
easy access and flexibility, and maintenance. Each cage should at least have one
oxygen gas outlet.
Preferably, every cage has room for the patient chart and the possibility to fill in
the patient chart comfortably, for example by use of a small writing tableau.
Bedside monitoring equipment should be located to permit easy access and view-
ing, and should not interfere with the visualization of, or access to the patient.
The monitored status of each patient should be possible at a glance.
Every cage should have its own light. This enables the staff to care for one ani-
mal during quiet, nightly hours without having to use the main light that illu-
minates the whole patient area. Preferably, every cage is equipped with a device
for warming the patient: floor heating, heating lamp, etc.

3.2.3. Treatment area for specialized procedures
The treatment area is almost always part of the patient area, because many sur-
gical and technical interventions have to be performed on ICU patients during
their stay. A separate room would bring staff out of contact with the patients for
too long a time. The treatment area consists of one or two patient treatment
tables, easily accessible and well organised (emergency) utilities, for monitoring,
treatment (crash cart) and storage, countertops, electrical power, water, oxygen,
compressed air, and vacuum outlets. 

3.2.4. Isolation ward
The isolation room should have a communication system and remote patient
monitoring capability via cameras and screens placed at a central location in the
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ICU area. As an alternative, a glass window could offer the visual contact
between the ICU area and the isolation room. Although more convenient to have
the isolation room close to the main patient area, there can be reasons to posi-
tion the room elsewhere in the clinic to make isolation easier to accomplish. As
this room is to isolate patients only 1 or 2 cages (one dog, one cat) are necessary.
Very rarely pets have to be isolated as a group and probably no facility can pro-
vide for that cost-effectively.

3.2.5. Outside run
An area where it is possible to walk the dogs that are mobile close to the patient
area. The design should invite the dog to relief himself: so preferably not only
stone floor but grass.

3.3 Ancillary rooms
Ancillary services such as a laboratory, pharmacy, medical equipment storage,
supply storage, kitchen, soiled utility/holding room, reception area and owner
visiting/contact room are important for a companion animal ICU. Satellite facil-
ities may be required to provide these services in a timely manner. Distance, size
and access are important considerations when designing space for each of these
functions. 

4. Conclusion
In man, well-designed ICUs have a significant and positive impact on the out-
come in health care intervention (10). There is no reason to suspect the same
does not apply to companion animals. Besides this direct beneficial effect on
patient outcome, pet owners/clients should feel more comfortable to stimulate
trust and a better client relationship. This can be a challenge in a surrounding
in which interventions require the utmost in technology, methodology, and
sterility.
And finally, never forget that, how well designed an intensive care unit, inten-
sive care medicine can only be performed at an acceptable level with a staff that
delivers continuous and high care. But a work place that offers a pleasant and
efficient environment helps the ICU staff to better cope with the high pressure
work load and stress. Therefore, to invest time and effort in your ICU design, will
certainly pay itself off in the long run. 
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Acute Complications of Cancer Treatment

David Argyle and Rebecca Kirby

The major dose-limiting factor in chemotherapy protocols is drug toxicity, which
can be broadly divided into the following categories:

Gastrointestinal effects

1) Anorexia
- Anorexia is the most frequent toxic effect of chemotherapy seen in cats. It is

also seen in dogs sometimes. 
- Anorexia may occur immediately after drug administration or a few days

later when intestinal epithelial damage is at its height.
- Anorexia is usually transient and does not limit therapy.
- Cyproheptadine has been effective as an appetite stimulant and antiemetic in

some cats
- Mirtazapine has been used as an effective appetite stimulant in both dogs

and cats. It also has antiemetic properties.
- In dogs, judicious use of Maropitant can be considered

2) Nausea / Vomiting / Diarrhoea
- GI toxicity is a reflection of a direct effect of chemotherapeutic drugs on the

intestinal epithelial cells or stimulation of the chemoreceptor trigger zone
(CRTZ)

- Vomiting is a much less frequent problem in cats than in dogs
- Mild vomiting and nausea can be managed with judicious use of Maropitant

in dogs and metaclopramide in cats.
- Animals with severe or refractory vomiting may require ondansatron or dole-

setron. Some cases may require hospitalization for supportive care including
fluid therapy

- Mild cases of diarrhoea can be managed medically using a short course of
metronidazole. Tylosin is another effective anti-diarrheal medication.

- Severe diarrhoea (which may be haemorrhagic) may require hospitalization
and fluid therapy

- Where side-effects have been very severe, a subsequent dose reduction by
5-20% may be required, or a complete change of drug

Myelosuppression / sepsis
- Fast-dividing bone marrow stem cells are killed by most chemotherapeutic

agents. As a consequence, peripheral blood cytopenias occur, with the lowest
point, or nadir, usually occurring 5 to 10 days after drug administration, 
though sometimes earlier or later.

- Neutropenia and thrombocytopenia are the most frequent cytopenias,
because of the relatively short half-lives of these cells in the peripheral blood
(6 to 8 hours for neutrophils and 5 to 7 days for platelets). 

- Cell counts usually return to normal 2 to 3 days after the nadir. Marked neu-
tropenia can result in sepsis, which is a serious complication that requires
aggressive medical management including intravenous fluid therapy and
antibiotics. Bleeding as a consequence of chemotherapy-induced thrombocy-
topenia is rare. 

- In a ‘new’ chemotherapy patient, hemotology should be about a week (7-10
days) after giving each myelosuppressive drug for the first time. If the neu-
trophil count is below 1.5 x 109/L, or the platelet count below 75 x 109/L, it is
wise to seek advice from a veterinarian experienced in the use of chemotherapy.
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Drug Doses Used To Treat Chemotherapy Complications

Anaphylaxis / Allergic Reactions
- Can occur after injections with L-Asparginase (foreign protein), doxorubicin

infusions and as a reaction to cremaphor carrier in taxol derivatives
- Prevention is better that dealing with the problem:

- Avoid intravenous injections with L-Asparaginase
- Pre-medication with anti-histamines is advisable if risk is considered high
- Taxol derivatives should be administered by specialist oncologists only

and adhering to strict pre-treatment protocols with corticosteroids.

Drug Dog Cat

Appetite Cyproheptadine - 2-4 mg/cat BID or TID
Stimulants (Periactin)

Mirtazapine <10 kg: 3.75 mg/day PO 3.75 mg PO q 72 hours.
(Remeron) 10-18 kg: 7.5 mg/day PO

19-35 kg: 15 mg/day PO
36-45 kg: 22.5 mg/day PO
>45 kg: 30 mg/day PO

Maroptitant 1mg/kg/day injectable -
(Cerenia) 2mg/kg/day oral

(5 day course max)

Anti-emetics Metoclopramide 0.5 mg/kg PO BID-TID 0.5 mg/kg PO BID-TID
(Reglan) 1-2 mg/kg/day as CRI 1-2 mg/kg/day as CRI

Ondansetron 0.1-1mg/kg PO 0.1-0.22 mg/kg BID-TID
(Zofran) or IV BID-TID

Dolesetron 1 mg/kg IV 1 mg/kg IV
(Anzemet) or SQ q 24 hours or SQ q 24 hours

Maroptitant 1mg/kg/day injectable -
(Cerenia) 2mg/kg/day oral

(5 day course max)

Anti-diarrheals Metronidazole 10 mg/kg PO or IV BID 10 mg/kg PO or IV BID
(Flagyl)

Tylosin 10-20 mg/kg PO BID-TID 10-20 mg/kg PO BID-TID
(Tylan)

Antibiotics Enrofloxacin 5-10 mg/kg PO 5-10 mg/kg PO
(Baytril) q 24 hours q 24 hours

Ciprofloxacin 10 mg/kg PO BID 10 mg/kg PO BID

Clavamox 15-22 mg/kg PO BID 62.5 mg PO BID

Trimethoprim-sulfa 20-30 mg/kg PO BID 20-30 mg/kg PO BID
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Chemotherapy Induction

5-7 Days Nadir - - - - Haematology Assessment

Neutrophil count > 1.5 x 109/l Neutrophil count < 1.5x 109/l

Continue Therapy

Patient Afebrile and Well

- Stop chemotherapy / delay 3-5
days and repeat haematology

- Subsequent doses of the agent or
agents responsible should be
reduced by 5-20%.

- If neutrophil count < 1 x 109/l, it
is prudent to treat such neu-
tropenic animals prophylactical-
ly with a broad-spectrum oral
antibiotic for a few days.
Trimethoprim/sulphadiazine,
Clavamox or
enrofloxacin/ciprofloxacin may
be considered

- Regular monitoring of rectal
temperature

Patient Sick and Febrile

- Assume septic

- Hospitalise for broad-spectrum,
bactericidal antibiotic therapy
e.g. combinations including a β-
lactam and an aminoglycoside
(or fluoroquinolone)

- Intravenous fluid therapy.

- Possible search for a septic
focus.

- G-CSF can be used in severely
neutropaenic patients but is
rarely needed.

David Argyle and Rebecca Kirby

Where there is Acute decompensation and collapse after administration of 
- chemotherapy drug:
- Pale mucous membranes / cyanosis
- May appear nauseous, may vomit or have diarrhea
- Alterations in heart rate
- Collapse
- Cool extremities
- Facial swelling and erythma involving the lips and pinnae
- Head shaking

Recommend:
- Stop infusing drug
- Ensure a patent airway and adequate cardiac output
- Ensure vascular access
- Initiate fluid therapy
- Treat as necessary:

- Intravenous glucocorticoid
- Antihistamine such as diphenhydramine
- Adrenalin (if necessary)



123

David Argyle and Rebecca Kirby

Drug Extravasation 
- Drugs that cause soft tissue damage following inadvertent perivascular injection

are called irritants or vesicants depending on the severity of tissue damage
that they cause. 

- The vinca alkaloids (vincristine, vinblastine, vinorelbine) are considered irri-
tants. Extravasation results in self-limiting inflammation, erythma and discomfort.

- Doxorubicin, mechlorethamine and dactinomycin are vesicants as they cause
catastrophic, progressive soft tissue necrosis at the extravasation site. 

- Clearly, prevention is better than cure. Doxorubicin and vincristine are best
administered through a well-secured, “single-stick” intravenous catheter.

- The patient should be well-restrained for venipuncture. Before injecting the
drug, the line should be flushed with about 5ml normal saline and checked
for flash-back to ensure patency. 

- During injection, patency should be checked frequently by aspirating back
on the syringe plunger. After injection, the line should be thoroughly
flushed with 5-10ml normal saline before withdrawal of the needle or
catheter. 

- During this final flushing stage, it is not necessary or helpful to check for
flash-back as there is a small chance that the flush solution may become con-
taminated with blood containing the irritant drug.

- In the event of perivascular injection:
- If an irritant or vesicant is inadvertently injected perivascularly, STOP

drug administration immediately. The needle or catheter should be left
in place, and attempts made to withdraw as much of the drug as possible
by suction. 

- Once this has been done, the needle or catheter is withdrawn, and a
25-or 26-gauge needle and syringe is used to withdraw any more of the visible
subcutaneous bleb. 

- For vinca alkaloid extravasation
- Infiltrate the site with sterile water. 
- Apply warm compresses for 15-20 minutes QID for 24-48 hours to

promote vasodilation and increase blood flow. The reaction seen
with extravasation of vincristine is often rather mild to moderate
and is due in part to excessive licking and self-trauma following
extravasation. An ulcer or large eschar may occur at the site. If this
happens, it is unlikely that the vein will ever be patent in future.

- If doxorubicin is extravasated:
- Immediately try to remove as much of the drug as possible, as above. 
- Apply cold packs for 15-20 minutes QID for 72 hours to promote

vasocontriction to restrict spread of the drug. 
- You can give 5 ml of sodium bicarbonate 8.4% IV, +/- DMSO solution

50-99%, applied topically 2-4 times daily for 2-14 days.
- Dexrazoxane (Zinecard®), a free radical scavenger, prevents doxoru-

bicin-induced skin necrosis in experimental laboratory animals.
Experience in companion animals is limited but anecdotal evidence
suggests it may be effective in dogs and cats. The dose is 10:1 that of
doxorubicin given i.v. within 3 hours of extravasation and repeated
daily for 2 additional days.

- Contact a veterinarian experienced in administration of chemo-
therapy AS SOON AS POSSIBLE if extravasation of doxorubicin is sus-
pected. 

- Immediate surgical excision of surrounding tissue may be advised if
the extravasation area is limited to resectable tissue. If a large quan-
tity of the drug is known to have been extravasated, future limb
amputation may be necessary. 

- Tell the owner to expect frequent follow-up visits for the first few
weeks, and the probability that future surgical debridement of the
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site may be required. The full extent of the injury may not be evi-
dent for up to 2 weeks.

Cardiotoxicity
- Doxorubicin causes dose-dependent cardiotoxicity in the form of dilated car-

diomyopathy. For this reason, it is recommended not to exceed a total cumu-
lative dose of 180 mg/m2 in dogs. 

- Cats are more resistant to this form of toxicity, but total doses exceeding 150-
200 mg/m2 can have clinical consequences. Given that each individual dose is
typically 20-25mg/m2 in cats and 30mg/m2 in dogs, this means no more than
a total of 6 doses is recommended without serious consideration of risks versus
benefits.

- Echocardiography and ECG should be done prior to initiation of doxorubicin
treatment in any canine patient with a heart murmur and after 120mg/m2

and 180mg/m2 total dose. Physical examinations should be done at every
visit. In subclinical cardiotoxicity a new murmur, gallop sound or dysrhyth-
mia may be auscultated. A wide range of ECG abnormalities are possible:
bundle branch blocks, supraventricular or ventricular dysrhythmias, and
changes in R wave amplitude. On echocardiography, subclinical cardiotoxicity
may be associated with poor cardiac contractility (i.e., reduced shortening
fraction) and other changes. When overt clinical signs develop, the patient
will show signs typical of congestive heart failure.

Nephrotoxicity and sterile haemorrhagic cystitis
- Doxorubicin in cats and cisplatin in dogs are the drugs most likely to cause

nephrotoxicity. Methotrexate (dogs) and carboplatin (dogs and cats) can also
do it, though less commonly.

- Cyclophosphamide and the newer alkylating agent ifosfamide are oxazophos-
phorines that can cause sterile, haemorrhagic cystitis in dogs. Acrolein, a meta-
bolite of these drugs that is excreted in the urine, is an irritant for the bladder
wall. Cats are much less likely to be affected. Affected animals show haema-
turia (often severe), pollakiuria, stranguria and dysuria. Signs can take weeks
to months to resolve. 

- Prevention is easier than trying to manage this condition. Concurrent admi-
nistration of furosemide (1-2mg/kg i.v.) with intravenous cyclophosphamide
administration has markedly reduced the incidence of this condition.

- If sterile cystitis does occur, no universally effective treatment exists. Clinical
signs may be minimised by intravesicular infusion of 20ml of 25% DMSO
solution. Sedation is advised to prevent immediate micturition after infu-
sion. Treatment can be repeated in 7 days if needed. Unfortunately, DMSO is
not always effective. Oxybutynin, an antichoninergic medication, is often
used to decrease muscle spasms associated with sterile hemorrhagic cystitis.
It is dosed at 0.2 mg/kg PO BID with most dogs receiving 1.25-5 mg total dose
BID. The bladder mucosa sometimes has to be cauterised to minimise blood
loss.

- Cyclophosphamide should then be discontinued and chlorambucil substituted.

The Effect of Chemotherapy on Wound Healing
- Cytotoxic drugs affect rapidly dividing cells and therefore can theoretically

have a deleterious effect on wound healing when chemotherapy is being
combined with surgery or following a major biopsy procedure. 

- However, in practice most cytotoxic drugs can be used in the perioperative
procedure where there is an indication to do so. 

- Major problems can arise if the patient is extremely leukopaenic and there is
the possibility of wound infection, or if the patient is severely cachectic. In
cases where wound healing may be a problem, the administration of vitamin
A may reduce the effects of cytotoxic drugs on wound healing.
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Other Complications of Chemotherapy
- In certain conditions such as the lymphoproliferative or myeloproliferative

diseases, the administration of cytotoxic drugs at the start of therapy may
lead to rapid lysis of the tumour. 

- This can cause a severe metabolic disturbance resulting in hyperkalaemia,
hyperphosphataemia, and hypocalcaemia, the end result being renal and/or
cardiac failure. 

- This condition is termed Tumour Lysis Syndrome and is relatively rare. 

Radiation-Induced Side-Effects
- The interactions between radiation and tissue, as well as the clinical side

effects that ensue, are predictable and expected. 
- The nature, severity, onset and duration of side effects depend on the type

and volume of tissues that are irradiated and on the treatment itself (total
dose, dose/fraction, treatment schedule).

- The response of normal tissue depends on the proliferation rate of the cells
than compose it: 

- In general, acute (or early) toxicities affect rapidly proliferating tissues, and 
chronic (or late) toxicities affect slowly proliferating tissues.

- Rapidly proliferating tissues include skin, oral and nasal mucosa, GI tract,
cornea, and conjunctiva. These are usually epithelial tissues.

- Slowly proliferating tissues include bone, nervous tissue, muscle, connective
tissue, lens and retina. These are usually mesenchymal tissues.
Since radiation-induced cell death occurs at the time of mitosis, it follows
that side effects affecting rapidly proliferating tissues (acute effects) begin to
develop during therapy and resolve within 2-4 weeks after treatment. These
effects are transient due to cellular renewal. They are unavoidable when
definitive radiation protocols are used. Severity of acute effects correlates
directly with the total dose and the duration of treatment. Examples of acute
radiation effects include:

- Moist desquamation of the skin including ulceration and edema 
- Rhinitis or oral mucositis 
- Corneal ulceration
- Conjunctivitis
- Colitis and diarrhea

- Treatment of acute effects amounts to supportive care during the healing
process:

- Prevention of self-trauma that would delay healing (e-collar, T-shirt)
- Antibiotics to prevent secondary infection
- Pain medication to control discomfort (narcotics, gabapentin) and

inflammation (NSAIDs)
- Occasionally, steroids are recommended to alleviate effects

- Due to the slow turnover of late-responding tissues, late effects develop months
to years after treatment and do not heal. These effects result in permanent tissue
damage. In many cases, there is no treatment. Hence, the primary dose-limi-
ting factor in radiotherapy is the tolerance of late-responding tissues in the
radiation field. Examples of late radiation effects include:

- Osteomyelitis and bone necrosis
- Myelomalacia
- Muscular fibrosis
- Cataract formation
- Retinal hemorrhage and degeneration
- Radiation-induced tumor formation
- Leukotrichia

- The probability of late toxicity is minimized in definitive protocols by appro-
priate treatment planning including the use of smaller doses/fraction.
Palliative protocols employ few, large-dose fractions delivered at long inter-



126 ONCOlogisch Treffen 2011

David Argyle and Rebecca Kirby

vals (usually weekly). When palliative protocols are used, the implication to
the normal tissues is a low risk of acute effects (due to the long interval
between fractions) but a high risk of late effects (due to the large dose per
fraction). This risk of late effects is accepted because the life expectancy of the
patients undergoing palliative protocols is limited. The patients are not
expected to be living months to years later when late effects develop. 

- There is species variation. Cats appear to be more resistant to radiation side
effects than dogs or people. 
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SIRS and Cancer: The Rule of 20

Rebecca Kirby, DVM, DACVIM, DACVECC
Animal Emergency Center & Specialty Services
Glendale, WI 
www.animalemergencycenter.com

Introduction
There are a group of diseases that share a common pathophysiology: an inciting
stimulus initiates the production and release of circulating mediators that cause
systemic inflammatory changes. The response of the body to this cascade of
inflammatory mediators is called the systemic inflammatory response syn-
drome (SIRS). Inciting diseases include sepsis and septic shock, pancreatitis, heat
stroke, severe multiple trauma, snake bite, viremia, parasitemia (such as babesio-
sis), and pansystemic neoplasia. Many complications of cancer can lead to SIRS,
such as aspiration pneumonia, septic peritonitis, sepsis from chemotherapy
induced neutropenia, secondary systemic fungal or bacterial infection from
immunosuppression, and tumor lysis syndrome.
Once the mediators have entered the circulation, the progression and cardiovas-
cular consequences complications are the same (Table 1). 

Table 1. Clinical Cardiovascular Consequences of SIRS

Shock with eventual multiple organ dysfunction ensues. The lungs become dys-
functional within 24-72 hours after onset of shock, and the liver and gastroin-
testinal tract malfunction within 72-96 hours. Acute renal failure follows, with
the final stages resulting in heart and brain failure. This progression of organ
dysfunction is termed multiple organ dysfunction sydrome (MODS). Sepsis, SIRS
and MODS remain tremendous obstacles to the successful treatment of critically
ill small animal cancer patients. 

Mechanism of SIRS 
Whether the initiating trigger for the production of inflammatory mediators is
microorganisms, pancreatic enzymes, tumor cell intracellular contents, or an
overwhelming allergic response to chemotherapeutic agents, the ensuing
inflammatory and anti-inflammatory process is the same. Sepsis as the initia-
ting event has been studied the most and will used as the example when dis-
cussing the pathophysiology of SIRS.
The dynamic SIRS process has been grouped into 5 stages: Stage 1: establishment
of infection or initiating event; Stage 2: preliminary systemic response; Stage 3:
overwhelming systemic response; Stage 4: compensatory anti-inflammatory
response; and Stage 5: immunomodulatory failure. 

Mechanism Result Shock

peripheral vasodilation maldistribution Distributive
blood flow,
hypovolemia Hypovolemic

increased capillary hypoalbuminemia
permeability hypovolemia Hypovemic

depressed cardiac poor contractility Cardiogenic
function
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Stage 1. Establishment of Infection
Infectious organisms begin to profilerate in the infective nidus. Microbial meta-
bolic and breakdown products, components of complement, inflammatory
mediators, and cytokines attract neutrophils to the area. Accumulation of leuko-
cytes in the region of inflammation is facilitated by IL-8 and upregulation of
endothelial cell selectins and cellular adhesion molecules. Once in the inflamed
focus, leukocytes recognize and phagocytize opsonized bacteria and fungi.
Microbial killing results from production of highly toxic and unstable superox-
ide radicals (SOR) and delivery of bactericidal substances from lysosomal gra-
nules into the phagocytic vacuole. There is local release of cytokines from
macrophages within inflammatory focus. Pro-inflammatory cytokines (Table 2)
have overlapping effects and function to limit damage, combat pathogenic
organisms, eliminate foreign antigens, promote repair. Release of these is soon
balanced by compensatory anti-inflammatory mediators (Table 2), to reduce the
inflammatory response. If bacteria, bacterial products, or inflammatory media-
tors leak into the blood stream, the cellular inflammatory response is pansys-
temic. 

The Host Cells
Mononuclear cells, phagocytes, neutrophils, vascular endothelial cells, and
platelets are the primary target cells responding to the initiating event. The
mononuclear phagocyte is considered to be the most critical cell in the host
response. Protein kinase C is one of the basic events in production of mediators
by macrophages, leading to the release of cytokines (soluble, non-antibody
regulatory proteins secreted by the activated immunocytes). Among these media-
tors, tumor necrosis factor (TNF), platelet-activating factor (PAF), prostaglandins
(PG), leukotrienes (LT), lysozymes, interleukins (IL), pro-coagulant tissue factors,
interferon, and superoxide radicals (SOR) play a dominant role in implementing
the containment strategy of inflammation. Accumulation of leukocytes in the
region of inflammation is facilitated by IL-8 and up-regulation of endothelial
cell selectins and cellular adhesion molecules. The adherence to vascular
endothelium leads to the spread of effects from the blood to the endothelium of
multiple organs. Vascular endothelial cells communicate freely with the circu-
lating cells and mediators. Exposure of vascular collagen and release of tissue
factor will stimulate the coagulation cascade. 
Production of eicosanoids is stimulated by TNF-alpha, IL-1, and PAF. Many of
these secondary mediators can create a feedback loop by activating macrophages
to produce yet more TNF-alpha and PAF. The SIRS cascade becomes self-perpetu-
ating and independent of the original stimuli.

Stage 2: Preliminary Systemic Response
Local concentrations of pro and anti inflammatory mediators are higher than
systemic at this stage. However, proinflammatory mediators can produce sys-
temic symptoms during severe infections or SIRS. Systemic signs are evidence
that the microenvironment is unable to control the inflammation at a local
level. Pro-inflammatory mediators responsible for this process are: TNF-a, IL-1,
IL_6 and interferon-gamma. Early stages of this toxic process do not appear to be
affected by antibiotic therapy (if bacterial) for 48 hours, requiring the clinician
to provide blood pressure and organ blood flow support until the antibiotics
have a salutatory effect. 

Step 3: Overwhelming Systemic Inflammatory Response (SIRS)
The host is unable to contain the local pro-inflammatory process, moving the
animal into stage 3. Endothelial cell dysfunction plays a central role. The overall
properties include: coagulant/anticoagulant properties, expression of adhesion
molecules, production and release of vasoactive substances, and differential
expression of pro-apoptotic and anti-apoptotic genes. Changes that promote for-
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mation and persistence of microvascular thrombi include TF expression, down
regulation of cell membrane thrombomodulin (TM), increased TM catabolism,
decreased tPA release, and increased synthesis and release of PAI-1. Up regulation
of endothelial cell adhesion molecules localizes inflammatory cells and
platelets to areas of endothelial cell injury. Platelet sludging and microthrombi
lead to ischemia. This abnormal endothelial cell physiology leads to abnormal
regulation of blood flow and increased microvascular permeability, fluid transu-
dation, profound vasodilation, organ dysfunction and shock.
The common denominator in all forms of shock is a reduced blood flow to mul-
tiple tissues of the body. The systemic response results from diffuse cellular oxy-
gen and energy deficits. Adaptive changes occur, with some aimed at increasing
oxygen delivery, other changes geared toward more efficient utilization of oxy-
gen, such as the rerouting of oxygen availability toward vital organs or func-
tions. Alternate sources of energy such as anaerobic glycolysis are activated and
energy and oxygen demands are decreased. When these compensatory changes
fail, functional and anatomical abnormalities of viscera may ensue, ranging
from mild dysfunction to failure. 

Stage 4: Compensatory Anti-inflammatory Reaction (CARS)
The hallmark of stage 4 is the appearance of local or systemic counter-regulato-
ry cytokines. These immunomodulators rapidly down regulate the scretion of
pro-inflammatory cytokines. The goal is to help stop signs of systemic inflamma-
tion (or sepsis) without evidence of organ dysfunction. Key mediators participa-
ting in this stage include: IL-4, IL-10, Transforming Growth Factor-beta (TGF-
beta), and others. 
Excessive production of counter-regulatory cytokines leads to CARS seen as:
diminished ability of monocytes to produce inflammatory cytokines such as
TNF-a and IL-6. state of relative immune paralysis and predisposition to persis-
tence of primary infection or superinfection. 

Stage 5. Immumomodulatory Failure
Stage 5 may result from persistent, overwhelming inflammation with conse-
quent failure to reestablish homeostasis. This stage is marked by monocyte deac-
tivation. During this stage, there is an increased risk of progression of infection,
organ failure and death. 

MODS
The first sign of organ dysfunction is usually cardiovascular with hemodynamic
alterations, and pulmonary dysfunction with acute lung injury (ALI) or acute res-
piratory distress syndrome (ARDS), followed by hepatic dysfunction, disturbance
of GI function, renal failure, and “brain failure”. Bone marrow and myocardial
dysfunction occur late. Prognosis is related to number of organs failing. There is
indirect evidence that apoptosis may be a contributory factor to organ dysfunc-
tion.

Rule of 20
It is critical to provide aggressive therapeutic intervention during stage 1 or 2 of
the initiating event for an optimal outcome. Once the animal is in stage 3 or
SIRS, monitoring, support, and prevention of MODS is mandatory. Since any
organ with a capillary is subject to the pathology of SIRS, an organized, multi-
systemic approach is required. The Rule of 20 is a check-off list of 20 critical
parameters to evaluate at least daily in the SIRS or potentially SIRS patient. The
order of priority will differ depending upon the clinical situation. 
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1. Fluid balance:
Inappropriate replacement and maintenance of intravascular and interstitial
volume is the number one cause of patient decompensation and death in this
author’s experience. Animals with SIRS frequently have large third body fluid
spaces with massive loss of fluids from the intravascular compartment into the
third body spaces. 
Dehydration and poor perfusion are different problems, with perfusion deficits
due to a loss of intravascular fluid volume (though heart failure must be ruled
out as the cause and dehydration a loss of extravascular (primarily intersitital)
fluid. Perfusion deficits are corrected rapidly and involves giving enough solu-
tions to expand and maintain the intravascular space. Hydration must be
replaced with crystalloids, such as lactated ringers, Plasmalyte® or Normosol-R®.
Resuscitation from hypovolemic shock can be safely accomplished with a combi-
nation of crystalloid and colloid such as hetastarch, with active rewarming pro-
cedures employed in the cat. Resuscitation is provided until the desired supra-
normal or hypotensive end-points are reached. This can be accomplished by
either large volume or small volume techniques (see Figures 1 and 2 in Acute
Abdominal Pain and Cancer). 
Maintenance fluid therapy is delivered utilizing a balanced crystalloid solution.
When the animal has a SIRS disease, a CRI of large molecular weight colloids
may be required, with the crystalloid, to maintain the intravascular colloidal
oncotic pressure and reduce interstitial edema.

2. Oncotic pull/ albumin:
The administration of colloids with crystalloids during resuscitation and main-
tenance fluid therapy will restore and maintain intravascular oncotic pull and
intravascular fluid volume while minimizing interstitial fluid accumulation. 
Serum albumin is necessary to maintain adequate intravascular oncotic pres-
sure and for transport of cations and hormones. Hypoalbuminemia can result
from increased membrane permeability, glomerular or intestinal loss, liver fai-
lure, cytokine suppression of albumin production, and supplementation of
maintenance fluids with 5% glucose without amino acids. As serum albumin
falls, the body compensates by mobilizing interstitial albumin through the lym-
phatics into the vasculature. 

3. Glucose:
The stress response in the cat frequently results in a transient hyperglycemia,
requiring recheck to rule out diabetes mellitus. The blood glucose should be main-
tained between 100-180 mg/dl. Hypotensive animals must be closely monitored for
hypoglycemia and glucose replacement can be accomplished by giving 0.25-0.5
gm/kg IV of a 50% glucose solution followed by a 2.5% concentration in the main-
tenance fluids. Initial volume resuscitation fluids should not contain glucose. 

Rule of 20

a Fluid balance a Renal Function
• Oncotic pull/albumin a Mentation
a Temperature • GI motility, integrity
a Pain control • Nutrition
a Oxygenation/ventilation a Coagulation
a Glucose a Drugs, dosages
a Blood pressure • Immune status, antibiotics
a Heart rate, function • Wound care/bandages
a Electrolytes, acid-base a Nursing care
• RBCs and Hb • Tender loving care
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Persistent hyperglycemia is associated with a poor outcome due to depressed
WBC function, brain cell changes, and lactate production. It may become neces-
sary to utilize a CRI of regular insulin (0.25-1.0 unit/kg/day) to maintain blood
glucose between 100-180 mg/dl. If this is utilized, hourly glucose measurements
are required to avoid hypoglycemia. The animal must be volume replaced and
nutritional support implemented for optimal results.

4. Electrolytes (Calcium, sodium, chloride, potassium, magnesium) and
acid-base balance:
The electrolytes should be monitored at least twice daily in critical patients.
Refer to Electrolytes in the Cancer Patient for algorithms and discussions of diag-
nosing and treating cancer associated electrolyte disorders.

5. Oxygenation and ventilation:
Arterial blood gases should be evaluated to show any evidence of hypoxemia,
hypercarbia, or hyperventilation. This is important for early detection of pul-
monary edema, ALI or ARDS. Oxygen supplementation is needed if there are per-
fusion or breathing problems. Administration of a mild sedative (butorphanol
0.2-0.4mg/kg IV) may be required while giving oxygen support. Please refer to
acute respiratory distress in the cancer patient for how to approach problems
related to the respiratory tract. 

6. Level of Consciousness and Mentation:
A decline in the level of consciousness or mentation of the animal warrants
immediate investigation for hypotension, hyoglycemia and hyperammonemia.
Hypoxia, hypocarbia, hypercarbia, hypernatremia, hyponatremia, hyperglycemia,
hypoglycemia, hepatic encephalopathy, hyperosmolality, severe fever, severe
dehydration, shock, overwhelming sepsis, hypokalemia, hyperkalemia, tach-
yarrhythmias, bradyarrhythmias, and thiamin deficiency must be considered in
the list of etiologies for changing consciousness. Intervention is initiated appro-
priate for the inciting cause.
Depressed mentation or level of consciousness requires that precautions be
taken to protect the airway from aspiration of gastric or esophageal contents and
the animal monitored for vasovagal reflex. A nasogastric tube might be useful to
assure that the stomach is empty and decompressed. The cause is aggressively
pursued and therapy instituted to treat the underlying cause. Specific therapeu-
tics may be required to reduce the intracranial pressure while the cause is being
determined. The patients osmolality should be monitored, especially if the ani-
mal is being given parenteral nutrition. Glucose levels must be maintained, and
appropriate nursing procedures employed (turn every 4 hours, lubricate eyes,
elevate head, etc.)

7. Blood pressure:
Systolic pressure must be maintained above 90 mmHg, and more importantly,
the mean arterial pressure is maintained above 60 mmHg. Poor perfusion that is
non-responsive to adequate intravascular volume resuscitation necessitates a
search for on-going fluid loss, hyoglycemia, hypoxemia, cardiac dysfunction, pro-
longed hypothermia and bradycardia, arrhythmias, electrolyte imbalances, car-
diac tamponade, brain stem pathology, and hypertension. Persistent hypoten-
sion, not attributable to these complications, requires assessment of central volume,
oxygen supplementation, pain control, evaluation of cardiac function with
treatment as indicated, and evaluation for vasopressor therapy.
Serial echocardiograms done by the author on dogs with non-responsive
hypotension and SIRS have shown dilation of the left ventricle and decreased
contractility during their severe hypotensive stages of the syndrome. Though
this improves as the disease resolves, positive inotropic support (dobutamine
1.0 - 5.0 ug/kg/min) can be required in the interim.
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Hypertension is suspected when systolic/diastolic blood pressures are > 160/100
mmHg. (Kobayashi, 1990) Pulse quality is not a reliable indicator. Significant
hypertension can lead to poor peripheral perfusion, retinal hemorrhage and
detachment, renal damage, and myocardial wall thickening. The underlying
cause is treated and therapy chosen based on the cause; chronic renal disease:
amlodipine at 0.625mg SID; hyperthyroidism: propranolol at 0.2-1.0mg/kg PO
TID or atenolol at 0.2-0.5mg/kg SID; hypertrophic cardiomyopathy: diltiazem at
1-2mg/kg PO TID, or 10mg/kg PO SID of the CD formulation; and enalopril at 1/2
mg/kg sid. 

8. Heart rate, rhythm and contractility:
Careful auscultation of the heart is required to detect murmurs and gallop-
rhythms, suggestive of underlying cardiac disease. The gallop or murmur may be
intermittent in the cat, requiring patience and concentration during auscultation.
Underlying cardiomyopathy and mitral insufficiency can interfere with cardio-
vascular stabilization, if not presenting as a primary problem. It is not infre-
quent for a gallop or murmur to become noticeable after fluid resuscitation has
occurred.
Arrhythmias in cats most often have a definable and treatable underlying cause,
such as hyperkalemia, hypokalemia, hypoxemia, hypercarbia, hypercalcemia,
hypocalcemia, acidosis, hypomagnesemia, cardiomyopathy, or endogenous toxins
from organ failure such as liver or kidney. It is always best to treat the under-
lying problem rather than give antiarrhythmics. 
Dogs require antiarrhythmic therapy more frequently than cats. Criteria for ini-
tiating antiarrhythmic drug therapy include: sustained significant tachycardia
associated with poor cardiac filling; sustained significant bradycardia assoicated
with poor cardiac output; multiform ventricular contractions or torsade de
pointe; poor perfusion attributable to the arrhythmia; or procedure required for
the animal that will potentially further compromise the heart (eg. anesthesia,
decompression of gastric torsion). It is always best to treat the underlying pro-
blem rather than give antiarrhythmics. Oxygen supplementation and antiar-
rhythmic agents can be required with careful attention given to drug dosage. 

9. Body temperature:
Hypothermia can cause peripheral vasodilation, coagulation abnormalities and
a suppression of the immune response. Hyperthermia is often a reflection of sys-
temic inflammation and leads to increased metabolic rate. The underlying cause
of each must be investigated and treated. Fluid and/or temperature support is
required.

10. Coagulation:
Disseminated intravascular coagulation (DIC) is a hypercoagulable condition
that is to be anticipated in any animal that has: capillary abnormalities or sta-
sis, severe hypotension, massive tissue damage, red blood cell hemolysis, or pan-
systemic disease. During the acute decompensatory phase of the underlying disease
process, DIC can be present without outward signs. The goal is to detect DIC as
early as possible. Typically, the order of change of monitored laboratory para-
meters in DIC are: 1) decrease anti-thrombin III (ATIII), 2) decrease platelet num-
ber (usually requires several assessments to detect a declining trend in numbers)
3) shortened coagulation times (PT, PTT, ACT), 4) decrease fibrinogen, 5) prolon-
gation of coagulation times (PT, PTT, ACT) and 6) elevated fibrin degradation
products. Because DIC is a dynamic process, evaluation of these parameters is
initiated early and repeated frequently so that a trend of change can be esta-
blished and success of therapy determined.
Clotting times (ACT, PT, APTT) in the cat are normally shorter than in the dog.
Careful monitoring for declining platelet numbers, shortened Act, PT, or PTT
and declining antithrombin levels will help detect the early hypercoagulable
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stage. Profound hyothermia, as well as particular drugs, can interfere with
platelet function. 
The most common clinical evidence of excessive bleeding from disseminated
intravascular coagulation is failure of clot formation in a clot tube, and occa-
sionally subcutaneous hemorrhage. The interaction of thrombin with its endo-
thelial cell receptor can initiate contraction of the endothelial cell fibrils, roun-
ding of the cells, and increased capillary permeability.
Therapeutics for DIC has five components. First, it is vital that oxygenation and
perfusion be improved and capillary stasis be eliminated. Second, the under-
lying disease must be treated. Third, the target organs of the underlying disease
and the target organs of DIC must be supported. The lungs, kidney, heart, brain,
and intestines are vulnerable to microthrombi and ischemia. Fourth, if there is
consumption of antithrombin (AT), the AT is replaced through a transfusion of
fresh frozen plasma, fresh whole blood or cryoprecipitate. Fifth, the interaction
of AT with thrombin is greatly accelerated when heparin is available as a cofac-
tor. Though controversial, when there is ample AT, a therapeutic option is to
administer low dose heparin (50-100 units/kg SQ q8h).

11. Red blood cell/hemoglobin concentration:
Frequent blood sampling of critical cats and small dogs can cause anemia severe
enough to require blood transfusion by day 3 or 4 of hospitalization. The use of
blood tubes and blood culture tubes designed for neonatal humans will mini-
mize the quantities of blood withdrawn. Microhematocrit tubes can be used to
harvest small aliquots of serum for in-house biochemical testing. 
When the red blood concentration is too low, hemoglobin is low and oxygen
delivery is compromised. When the red blood concentration is too high, the vis-
cosity of the blood is increased, compromising blood flow and tissue oxygen
delivery. The PCV should be maintained above 20%, and ideally between 30-35%.
When red blood cell and hemoglobin are deficient, whole blood or packed red
cell transfusion or oxyglobin infusion may be indicated. Infusion of erythrocytes
may be beneficial not only in terms of oxygen delivery, but also because these
cells contain high concentrations of endogenous enzyme antioxidants, particu-
larly catalase and glutathione. A cross match should be done prior to transfu-
sion.
Should the red blood cell concentration be too high (> 55% - exceptions are ani-
mals that live at high elevations or sight hounds), fluids are administered to
lower the concentration below 50%. When an absolute polycythemia is present,
the animal should be bled and the volume of the blood removed is replaced as
crystalloid or synthetic colloid. The blood should be saved for transfusion should
it be required at a later time. 

12. Renal function:
Shock, severe dehydration, hypotension, hypoxia, hypercalcemia, and nephro-
toxic drugs can each contribute to renal dysfunction or failure. Baseline BUN, 
Urine output is assessed as a reflection of renal function, blood pressure and
fluid balance. Glycosuria without hyperglycemia reflects proximal tubular cell
damage, a complication of nephrotoxic drugs or renal hypoxia. Urine sediment
is evaluated daily in animals on nephrotoxic drugs (such as gentamicin) for the
appearance of renal tubular or granular casts. These will appear before there are
significant elevations in BUN and creatinine. Should these be seen, the drug is
stopped and a decision is made whether to treat the kidneys with mannitol. The
sediment is monitored for signs of infection.
Impaired renal function is managed in the following order: assure intravascular
volume is adequate; assure that MAP is greater than 60 mmHg; mannitol (0.1
g/kg IV) if animal is not volume overloaded and renal insufficiency is caught
early; and furosemide (1mg/kg/hr for 4 hours) combined with dopamine (1-3
ug/kg/min CRI IV) infusion in the dog for as long as required. Diltiazem, a calci-
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um channel blocker, (0.23-0.5 mg/kg IV, then 1-5 ug/kg/min CRI IV) is an option
in early disease for vasodilation of the glomerular afferent arteriole.
Geriatric pets have a high incidence of chronic renal insufficiency complicating
the presenting disease. The inability to concentrate urine leads to volume deple-
tion and potassium wasting. Hyperphosphatemia can cause hyperparathy-
roidism and hypocalcemia. Anorexia is significant and chronic anemia com-
mon. Renal hypertension can complicate resuscitation procedures.

13. Immune status, antibiotic dosage and selection, WBC count:
The ability of the body to fight infection is assessed through white blood cell
count and differential, fever response, history of drug administration, and glo-
bulin levels. Animals that are on immunosuppressive drugs or have neutropenia
require isolation and strict aseptic procedures, with minimal invasive monito-
ring and therapeutic techniques. 
For bacterial infections, antibiotic selection is confirmed by microbiological cul-
ture and antibiotic sensitivity results. Geriatric animals require added conside-
ration of concomitant chronic diseases that may contribute to immunosuppres-
sion and longer recovery periods in the ICU. Other than chronic infectious
diseases, cancer, hyperthyroidism, inflammatory bowel disease, renal insuffi-
ciency, diabetes mellitus, and dental disease need to be considered.

14. GI motility and mucosal integrity:
Critical illness is frequently complicated by gastric paresis, ileus and gastric
ulceration. Stress gastric ulcerations may be subclinical but predispose the
patient to bacterial translocation, gastric paresis and blood and fluid loss. Any
patient that is post-anesthetic, post-operative (especially abdominal surgery - and
particularly gastrointestinal), hypokalemic, suffering from gastrointestinal,
reticuloendothelial, or neuromuscular diseases, or on narcotic analgesics has a
probability of having GI paresis. Ileus predisposes the patient to bacterial and
endotoxin translocation, poor intestinal nutrient digestion and absorption, gas-
trointestinal ulceration and vomiting. 
The patient’s abdomen should be ausculted at least three times daily for bowel
sounds. Ileus is best treated by nasogastric tube suctioning and relief of fluid and
gas accumulation. This reduces vomiting and subsequent aspiration pneumonia.
Motility modifiers should be used (see Table 3). A small amount (0.6 - 2 ml/kg q1-
2h)of oral glucose solution (e.g. Resorb®)helps protect against gastric microul-
ceration. The use of H2 antagonists is controversial, with literature supporting
the idea that altering the gastric pH predisposes to gastric bacterial transloca-
tion and more severe aspiration pneumonia.
Antiemetics are needed in the patient with protracted vomiting, predisposition
to vasovagal reflex, altered level of consciousness, abnormal or depressed gag
reflex, or abnormal breathing. particularly if the animal is critical, recumbent,
or has a depressed gas reflex. Table 3 provides options and dosages of motility
modifiers and antiemetics. 

15. Drug dosages and metabolism:
Many drug dosages in the cat have been extrapolated from studies done in the
dog. Cats have a greater body surface area per unit of body weight when com-
pared to the dog and dosage extrapolation between these species can be inaccu-
rate. 
The liver plays a key role in the unique metabolism of many drugs, especially in
the cat. Lipid soluble drugs (e.g. morphine, chloramphenicol, aspirin, primi-
done, acetaminophen, phenols, barbiturates, benzodiazepines, propofol) must
be converted to water soluble by-products before excretion.
When administering any drug to the dog or cat, the proper dosage, route of
administration, and dosing interval should be confirmed. In addition, based on
the route of elimination, dosage and dosing intervals must be altered with renal
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or liver disease. It is always wise to review current drug dosages in critical ani-
mals that have polypharmacy. Errors in calculation can lead to devastating com-
plications. A list of drugs that lead to catastrophic consequences with overdose
should be posted in the ICU, and dose calculations and milliliter amounts
administered should be reviews at each dosing. The following drugs should
begin this list: insulin, digoxin, aminoglycosides, dopamine, dobutamine, nitro-
prusside, promazine drugs, metronidazole, and phenobarbitol.

16. Nutrition:
The nutritional requirements of the critically ill animal should be addressed
early to minimize tissue catabolism and development of hepatic lipidosis. Meat-
based diets should be selected that provide a good quality protein, vitamin A, thia-
min and niacin. The diet should be adequately supplemented with taurine and
arginine. When the food is warmed prior to feeding or highly aromatic foods are
fed, the palatability of the food offered to stressed and ill cats is often increased.
Initial support, after rehydration, can be done with an intravenous 3.5% amino
acid solution with glucose in a balanced electrolyte solution (Freeamine® -
requires the addition of glucose; Procalamine® - has 3% glycerin). This can be
given as a portion of the maintenance fluids. The patient is weaned onto enteral
nutrient by giving small amounts of glucose and electrolyte solution (e.g.
Resorb®). Small amounts are given frequently to test how well the animal tole-
rates the fluid in the stomach. When vomiting does not occur, the animal is
weaned onto enteral nutrition.
If the patient is unwilling to eat, then feeding must occur either by force fee-
ding or by tube feeding. Force feeding can prove to be very stressful. Tube fee-
ding is done by orogastric intubation, nasoesophageal intubation, gastrostomy,
jeju-nostomy, or esophagostomy intubation. Nutritional support is first provi-
ded by a dilute solution of low volume. If the animal experiences vomiting with
this procedure, the clinician should first consider decreasing the concentration
or the volume being administered prior to administering antiemetics. The ani-
mal can then be weaned onto bolus administration of the solution prior to dis-
charge if tube feeding is still required. 

17. Pain control:
Pain can manifest in animals by mental depression, tachycardia (in the dog and
rarely in the cat), restlessness, and/or and irritable attitude. It is vital to the
maintenance of cardiovascular function and the mental well being of the cat to
provide pain control. In the critically ill cat, it is best to titrate analgesics and
sedatives to effect, as responses are variable and can be affected by underlying
renal and hepatic dysfunction. 
A table of analgesic and anesthetic drugs is provided in Acute Abdominal Pain
and Cancer. The use of regional anesthesia (nerve blocks or infusion in body cav-
ities), epidural analgesia, and/or pre-emptive analgesia with administration of
injectable opioids given prior to surgical intervention are alternative approa-
ches to consider. Lidocaine administered subcutaneously or intravenously can
cause methemoglobinemia and Heinz body anemia in the cat and careful dosing
is required.

18. Nursing care and patient mobilization:
The veterinarian is only as good as the nursing staff. A complete description of
all nursing concerns in the critical animal is worthy of a textbook. Time should
be taken to teach the nurses how and what to monitor and how to perform ther-
apeutic procedures. 
The nursing staff should speak kindly and softly when working with these ani-
mals, using minimal restraint to accomplish any task. The animal must be
removed from the cage and thoroughly examined at least twice daily. Changes
in their physical condition, even pulmonary function, may be very subtle and
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occur rapidly. Catheter sites must be checked daily, and each catheter labeled
appropriately to avoid confusion of lines and misuse of the tubes. The paw distal to the
peripheral catheter must be checked multiple times during the day for evidence
of paw edema, requiring re bandaging of the catheter. Elizabethan collars are
often necessary for catheter security as well as an aid in handling aggressive ani-
mals. 
The recumbent patient must be turned every 4 hours or maintained sternal
when possible. Physical therapy will assist in maintaining muscle tone and
blood flow to the limbs. Urine scalding and fecal soiling is prevented by provi-
ding absorbent bedding and cleaning the animal immediately. Results of moni-
toring procedures, treatments and observations should be carefully recorded.
The nurse must feel confident and comfortable about reporting observed
changes to the veterinarian. The staff must anticipate complications and be pre-
pared for immediate intervention. Animals in severe respiratory distress should
have an endotracheal tube and laryngeoscope available by the cage. Diazepam or
pentobarbitol doses should be predetermined and available for the patient with
cluster seizure activity. 

19. Wound care/bandage change:
When the patient’s underlying disease requires wound debridement or surgical
correction, the incision site or wound should be examined daily to insure that
appropriate healing is occurring. Anytime a bandage is moist, it must be
changed. Any subcutaneous distal limb edema associated with fasciitis is con-
trolled and reduced by compression bandages. These wraps are removed and the
subcutaneous sites examined daily. 

20. Tender Loving Care:
The mental health of the patient is often as important as the physical health. It
must be remembered that these animals are pampered pets. Visits by the owners
are to be encouraged when it benefits the pet and having familiar items in their
cage will make the owner feel better, if not the animal It is important for house
cats to have fresh litter and a place for their food away from their litter box.
Blankets or bedding makes them more comfortable. Providing a box for the cat
to hide in or using other techniques of obstructing their view of strange animals,
when their condition allows, reduces their level of fear and stress. The animal’s
biorhythms become disturbed when the ICU lights are on 24 hours per day.
When possible, it is good to turn down the lights to stimulate night and promote
sleep. 
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Proinflammatory mediators
Tumor necrosis factor

IL-6 induction, TF expression, down regulation of TM gene expression and
increased catabolism, activation of fibrinolysis, cytotoxicity, upregulation of
endothelial cell adhesion molecules, induction of NO synthase, neutrophil
activation, antiviral activit;y, fever, and other effects; circulating soluble
receptor is antagonist

Interleukin-1
Fever, synthesis of acute phase proteins, induction of IL-6 synthesis, upregula-
tion of TF expression, decreased TM expression, activation of fibrinolysis, and
other effects

Interleukin-6
Induction of acute phase response, induces B-cell growth and T-cell differenti-
ation, enhances NK-cell activity, promotes maturation of megakaryocytes, can
inhibit endotoxin induced IL-1 and TNF-alpha; circulating soluble receptor is
agonist

Interleukin-8
Release stimulated by TNF, IL-1, IL-2, promotes chemotaxis, enhances neu-
trophil function, upregulates adhesion molecule expression, level correlates
with severity of systemic manifestation of pathology

Interferon-gamma
Induction of IgG production, potentiation of activity of IL-12, macrophage
activation

Antiinflammatory mediators
Interleukin-4

Stimulation and inhibition of various classes of T-cells, suppression of TNF
and IL-1 secretion, upregulation of IgE and IgG secretion

Interleukin-10
Inhibition of inflammatory cytokine production by mononuclear cells, sup-
pression of monocyte procoagulant activity, downregulation of monocyte
killing, share receptor homology with interferon

Transforming Growth Factor-beta
Tissue development and repair, other anti-inflammatory properties

Soluble receptor and Receptor Antagonists
Soluble TNF-1 receptor and IL-1 soluble receptor inhibit function

Hemostatic Factors
Tissue factor

Upregulate expression on monocytes and subset of endothelial cells by TNF
and IL-1 leading to stimulation of extrinsic coagulation cascade

Thrombin
Protein C
Protein S
Antithrombin
Plasminogen activator inhibitor-1
Tissue Factor Pathway Inhibitor
Plasmin
Thrombin Activatable Fibrinolysis Inhibitor

Other mediators
Nitric Oxide
Bradykinin
Lippopolysaccharide Binding Protein
Complement
Leukotrienes
Prostaglandins
Superoxide Radicals
Platelet Activating Factor
Myocardial Depressant Factor

Table 2. Mediator of SIRS
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Table 3. Antiematics and Motility Modifiers

Drug Dosage Mechanism Comment

Metoclopramide
Dog 1-2mg/kg/day IV CRI blocks CRTZ; reduce
Cat 1 mg/kg/day IV CRI promotes gastric dosage

emptying 50% with
liver
disease

Cisapride
Dog 0.1-0.5 mgkg PO promotes
Cat 2.5-5.0 mg/cat GI motility

Q8-12h PO

Ranitidine
Dog and cat 2.5 mg/kg q12h IV H2 blocker also

3.5 mg/kg q12h PO promotes
GI motility

Dolansetron
Dog and cat 0.6 mg/kg IV q24h blocks CRTZ

vomiting center

Ondansetron
Dogs 0.1-1 mg/kg IV q 24h blocks CRTZ
Cats 0.22 mg/kg IV q24 h vomiting center

Prochlorperazine
Dogs 0,05 mg/kg IV q4-6h blocks vomiting alpha
Cats 0.01-0.02 mg/kg IV ` center blocking

q 4-8h activity can
cause
hypotension,
CNS
depression

Maropitant
Dogs 2 mg/kg PO, SQ, IV blocks CRTZ
Cats 1 mg/kg PO, SQ, IV vomiting center

q24h
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