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Emergency care is one of the most important areas 
of veterinary medicine. Building on the success of the 
previous editions, the international editors and authors 
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continued growth in knowledge and understanding in 
this crucial area.

The BSAVA Manual of Canine and Feline Emergency 
and Critical Care remains a highly practical resource. 
Retaining the structure of the previous edition, each of 
the chapters in this third edition has been thoroughly 
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thinking and practices. 
The introductory chapters, covering areas such 
as triage, catheterization and the assessment of 
shock and dyspnoea, sit alongside chapters that 
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cardiac arrhythmias to uterine prolapse, and  
from corneal ulceration to fractures and luxations. 
The text is fully illustrated throughout.
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Foreword

It is a great pleasure to write the foreword for this third edition of the BSAVA Manual of Canine 
and Feline Emergency and Critical Care. The author list, a literal ‘who’s who’ of international 
experts in emergency and critical care medicine, was compiled (and individually cajoled, no 
doubt) by Amanda Boag and Lesley King, two of the most astonishingly accomplished 
members of the worldwide veterinary critical care community I know or knew. Amanda 
continues to influence her discipline, and the profession, as a champion of structured training 
programmes in emergency and critical care and as a champion of ‘professionalism’ through the 
RCVS. Sadly, Lesley was taken from us all too soon, in May 2016, mid-way through production 
of this Manual.  

I had the good fortune to work alongside Lesley during my 10 years at the University of 
Pennsylvania, coincidentally where I also first met Amanda. When I arrived at ‘Penn’ as a 
temporary lecturer in surgery in 1991, 4 years qualified and with two RCVS certificates tucked 
under my arm, I considered myself a high achiever. On my first day, I was introduced to Lesley, 
who was qualified 1 year longer than me, ‘double boarded’ (Internal Medicine and Emergency 
and Critical Care Medicine) and already ‘Head’ of ICU – the first dedicated veterinary ICU in the 
world – as well as an established expert in pulmonary medicine. Reality check! I realised my 
rudimentary knowledge of emergency and critical care, derived almost entirely from the 
handbook Trauma Management in the Dog and Cat by John Houlton and Polly Taylor, was 
going to fall short of the mark (with all due respect to Polly and John). I openly confessed to 
Lesley that I was particularly deficient in this area and that I would need help and so, Lesley 
added me to her list of ‘projects’ and through a combination of active and passive mentorship, 
Lesley and her colleagues, taught me (and many others, including Amanda) about critical care, 
contextualised to our animal patients. Although Lesley had many attributes that could make her 
intimidating – she was physically very tall as well as being an intellectual giant – to me, she 
never was. Lesley could, however, make it quite clear that she didn’t agree with my treatment 
plan by simply peering over the top of her glasses, smiling and saying “I don’t think that would 
be ideal” and then quoting four publications that proved her point!  

Both Amanda and I carried this enthusiasm for emergency and critical care back to the UK 
when we returned, as did others, many of whom are also contributors to this Manual. I have 
been privileged, largely as a bystander, to witness the emergency and critical care revolution 
ripple through the UK and Europe at the hands of these advocates, with Dez Hughes and 
Amanda deserving special mention in this regard. This enhanced understanding of both 
Emergency Medicine and Critical Care Medicine has saved many lives and improved the quality 
of the lives of so many patients entrusted into veterinary care. The third edition of this Manual, 
ultimately made possible because of Amanda’s dedication, is a ‘must have’ for anyone involved 
in emergency and critical care medicine and represents a massive contribution to animal health 
and welfare. The Manual is a truly fitting tribute to the global influence of the ‘pioneers of 
emergency and critical care medicine’ which included, as a most prominent member, Professor 
Lesley King.

Professor Daniel Brockman
BVSc CertVR CertSAO DipACVS DipECVS MRCVS

Royal Veterinary College
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Preface

It is a great pleasure to present the newest edition of the BSAVA Manual of Canine and Feline 
Emergency and Critical Care. The specialty of Emergency and Critical Care (ECC) continues to 
develop rapidly and this book has been thoroughly updated, including many new images, with 
several new authors joining the team. The chapters outlining the approach to patients 
presenting with cardiac and neurological emergencies have been rewritten to include current 
thinking on the best approach to these patients in the emergency setting, and all chapters have 
been updated to reflect developments on point-of-care ultrasound and colloid fluid therapy. 
Importantly, we have updated the section on teamwork and expanded on the importance of 
communication and leadership skills that must go hand in hand with our clinical skills if we are 
to do the best by our patients.

This Manual is intended as a quick and easy reference for practitioners who handle emergency 
and critical cases on a routine or even a not-so-routine basis. We hope that the material is 
accessible and practical, even in a crisis! It also provides a depth of coverage suitable for those 
studying for their certificate or in the early stages of a residency programme. 

As I write this, I am all too aware that I am doing so in the absence of my co-editor Lesley King 
who very sadly lost her life to cancer in May 2016. Lesley had a huge and lasting impact on our 
specialty and many of the authors, including myself, benefited enormously from her support, 
encouragement and wisdom. She is missed by all of us in the ECC community, but her work 
and influence on our specialty shines through the pages of this Manual. 

I would like to express my sincere gratitude to each of the contributing authors. These 
contributors are truly leaders in their fields both nationally and internationally. Without their 
efforts it would not have been possible to put together this Manual, which spans the breadth of 
our knowledge in this vast field. I would also like to acknowledge the incredible contributions  
of everyone in the BSAVA Office, who all worked tirelessly to make this Manual as perfect as it 
can be! 

Finally, I would like to acknowledge the help and support that I have received from family and 
friends throughout the process – their encouragement and support is priceless. 

I hope that this Manual proves to be useful, helps you to save some lives, and sparks or fuels 
your interest in the exciting and dynamic field of emergency and critical care.

Amanda Boag
February 2018

and on behalf and in memory of Lesley G. King.
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Chapter 1

BSAVA Manual of Canine and Feline Emergency and Critical Care, third edition. Edited by Lesley G. King† and Amanda Boag. ©BSAVA 2018 1

Triage of the emergency patient

Andrew J. Brown and Kenneth J. Drobatz

Triage can be defined as the evaluation and allocation of 
treatment to patients according to a system of priorities 
designed to maximize the number of survivors.

All stages of emergency evaluation are important to the 
successful management of the critically ill patient: tele -
phone triage; waiting room triage; primary survey and initial 
treatment; and secondary survey and the emergency plan. 
Critically ill patients have little physiological reserve to tol -
erate mistakes of omission or commission. Anticipation 
and prevention of problems before they occur is one of  
the cornerstones of optimal emergency and critical care 
medicine. Always assume the worst and treat for it, while  
maintaining the philosophy: ‘above all, do no harm.’

Telephone triage
The initial contact between a client and the veterinary sur -
gery or hospital is often via the telephone. The information 
obtained from this conversation may assist in triage of the 
patient, may help in diagnosis, and may provide informa -
tion regarding first aid treatment for the pet.

The immediate aim of telephone triage is to determine 
whether the patient needs to be examined by a veterinary 
surgeon (veterinarian) immediately and what the owner 
should do for the pet before coming to the surgery. The 
owner should be calmed if necessary, so that concise 
and accurate information can be obtained. Questions 
should determine:

• The level of consciousness
• How the animal is breathing
• The colour of the mucous membranes
• The nature of the injury
• The presence and severity of bleeding
• The presence and severity of wounds
• The ability of the animal to ambulate
• The presence of obvious fractures
• The severity of vomiting and diarrhoea if present
• The presence of urine and the ability to urinate
• The degree of abdominal distension
• Whether there is coughing.

Patients where the owner reports any of the following 
should be brought to the hospital without delay:

• Collapse
• Respiratory distress
• Severe coughing

• Neurological abnormalities
• Protracted vomiting
• Slow or rapid heart rate
• Bleeding from body orifices
• Weakness, pale mucous membranes
• Rapid and progressive abdominal distension
• Inability to urinate
• Toxin ingestion
• Extreme pain.

Transport and preparation
Owners often want to administer first aid to their pets, but 
it is often better to encourage them to bring the animal to 
the clinic as quickly as possible. When the problem is 
clearly determined and relatively simple, advice can be 
given over the telephone. However, relying on an owner’s 
interpretation of the animal’s problems can be risky. If 
there is any doubt about what is occurring, the owner 
should be advised to bring the pet to the clinic for defini -
tive evaluation.

If trauma has occurred, steps should be taken to pro -
tect the spine. The animal should be lifted gently on to  
a rigid board or blanket, and transported by carrying  
the improvised stretcher rather than the animal itself. 
Fractured limbs can sometimes be stabilized for trans -
port by wrapping a roll of newspaper around the limb or 
taping or tying a board or piece of cardboard to the leg. 
The joints above and below the fracture should be stabi -
lized. Splints should be applied with care, since it is  
often difficult for the owner to determine the location of 
the fracture. If done incorrectly, splinting has the potential 
to cause further damage. If doubt exists, the animal 
should be placed in a confined space or in an area where 
movement is minimized. Direct pressure or careful appli -
cation of a tourniquet can control active haemorrhage. 
Owners should be warned that animals that are in  
pain, traumatized, neurologically damaged or frightened 
should be approached carefully and muzzled if possible. 
Even the friendliest of pets can become aggressive under 
these circumstances.

Clients may be extremely upset and should be calmed 
prior to transporting their pet. Clear directions should be 
given to the owner for the drive to the clinic, and time of 
arrival should be estimated. The hospital personnel should 
be notified about the nature of the emergency and the esti -
mated time of arrival, so that any special preparations may 
be undertaken.
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Triage and initial assessment
Triage is the sorting out and classification of patients to 
determine priority of need and the optimal order in which 
they should be treated. Upon arrival at the veterinary clinic, 
every animal should be evaluated promptly and rapidly by a 
trained member of the medical team to determine whether 
it requires immediate treatment or is stable enough to wait 
if necessary (Figure 1.1). During the triage, a brief (30 sec-
ond) history is obtained about the nature of the primary 
complaint and its progression. Animals that are in contain -
ers or blankets should be taken out and examined. Four 
major organ systems should be assessed:

• Respiratory
• Cardiovascular
• Neurological
• Renal.

Animals with dysfunction in any one of the four major 
organ systems should be taken immediately to the treat -
ment area for further evaluation and treatment.

Conditions affecting other body systems are generally 
not immediately life-threatening in themselves, but their 
effects on the four major organ systems can result in death. 
For example, a fracture of the femur is not life-threatening 
by itself, but the resultant blood loss into the thigh mus -
culature may result in hypovolaemia and cardiovascular 
compromise. Problems that do not immediately affect the 
four major organ systems but require that the animal be 
taken immediately to the treatment area include:

• Recent ingestion of, or topical exposure to, a toxin
• Severe pain
• Recent seizures
• Trauma
• Excessive bleeding
• Prolapsed organs
• Snake bite
• Hyperthermia
• Open wounds
• Fractures
• Burns
• Dystocia
• Death.

If an owner is overly concerned, even if the animal 
appears physiologically stable, it should be taken to the 
treatment area for observation. Emergency assessment of 
patients conveyed directly to the treatment area then 
includes the primary survey and the secondary survey. 
Good communication with the owner throughout this time 
is paramount.

Primary survey
The primary survey amplifies the information obtained dur -
ing triage. The purpose of the primary survey is to decide 
whether the patient is stable, and to identify and treat any 
immediate life-threatening conditions. The primary survey 
includes evaluation and support of the airway, respiratory 
system, cardiovascular system (poor tissue perfusion, 
control of haemorrhage) and central nervous system (level 
of consciousness). Evaluation of these parameters allows 
the clinician to identify any emergent life-threatening prob -
lems and classify the patient as stable or unstable. Any 
patient that cannot clearly be classified into either cate -
gory should be considered unstable.

The primary survey comprises a more detailed evalua-
tion of the same physical parameters as triage. Evaluation 
of the respiratory system includes: determination of 
whether the upper airway is patent (by observing the res -
piratory pattern whilst simultaneously auscultating the 
lungs to ensure normal air movement); evaluation of 
mucous membrane colour; and assessment of respiratory 
rate, rhythm and effort. The trachea and all areas of the 
thorax should be carefully auscultated. More objective 
information regarding respiratory function can be obtained 
from pulse oximetry, arterial blood gas analysis and end-
tidal carbon dioxide measurement, although it is worth 
remembering that abnormal perfusion can adversely affect 
the accuracy of pulse oximetry and end-tidal capnography. 
Hypoxaemia can result in pansystemic problems due to 
poor oxygen delivery to the tissues, and requires immedi -
ate correction. Oxygen supplementation should be pro -
vided to any emergency patient if respiratory compromise 
is evident or suspected, and definitive treatment for the 

Following 
triage 

evaluation, unstable 
patients are taken to 
the treatment area for 
initial assessment.

1.1

Dysfunction in any one of these systems can become 
life-threatening and should be addressed as rapidly as 
possible.

Respiratory rate, rhythm and effort should be deter -
mined. Signs of respiratory distress include loud airway 
sounds, increased breathing rate, abducted elbows, ex-
tended head and neck, flaring of the nares, open-mouth 
breathing, cyanosis and paradoxical respiration (see 
Chapter 7).

Cardiovascular system assessment includes mucous 
membrane colour, capillary refill time, and pulse rate,  
quality and rhythm. Signs of cardiovascular compromise 
include pale, grey or hyperaemic mucous membranes, very 
rapid or prolonged capillary refill time, weak or bounding 
pulse, very rapid or slow pulse rate and an irregular or 
asynchronous pulse rhythm (see Chapter 3).

Immediate neurological assessment should include 
evaluation of mentation and ability to ambulate. Neuro -
logical abnormalities that should be addressed quickly 
include severe changes in mentation such as stupor, coma, 
hyperexcitability, delirium and seizures (see Chapter 9).

Immediate evaluation of the renal system should 
include assessment of the ability to urinate and palpation 
of the urinary bladder. This is particularly the case for  
cats, where urethral obstruction should be ruled out in all 
cats with vague clinical signs.
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cause of the respiratory compromise should be provided 
as soon as possible (see Chapter 7). Flow-by oxygen is the 
most effective means of increasing the inspired oxygen 
content while assessing a patient, although cats may ben -
efit from time in a stress-free, oxygen-enriched environ -
ment such as an oxygen cage (Figure 1.2).

Assessment of tissue perfusion includes: evaluation of 
mucous membrane colour; capillary refill time;  ausculta -
tion of the heart; and palpation of pulse rate, rhythm and 
quality. Core body temperature to toe web temperature 
may also provide additional information. More in-depth 
and objective evaluation of tissue perfusion and cardio -
vascular function could include arterial blood pressure 
measurement, electrocardiography and blood lactate 
concentration. More advanced cardiovascular monitoring 
modalities, such as central venous pressure determina -
tion, pulmonary artery catheter placement, and measure -
ment of oxygen delivery and oxygen consumption, can be 
very useful during longer-term management of the criti -
cally ill patient, but are rarely, if ever, available at the time 
of triage. Clinical recognition of poor tissue perfusion 
such as pale or grey mucous membranes, prolonged or 
rapid capillary refill time, cold extremities and/or abnor -
malities of cardiac rate or rhythm warrants rapid identifi -
cation of the underlying cause and definitive treatment 
(see Chapter 3). Prolonged hypoperfusion can cause 
changes in cellular metabolism that result in intracellular 
sodium and calcium accumulation, cell swelling, cell 
membrane damage, lipid peroxidation, release of detri -
mental oxygen-free radicals and cell death.

Extreme changes in the patient’s mentation, such as 
stupor, coma or seizures, require rapid assessment for the 
underlying cause and immediate treatment to prevent irre -
versible changes, which can occur if prolonged seizures or 
hypoglycaemia causing central nervous system dysfunc -
tion is not treated rapidly. Similarly, increased intracranial 
pressure causing stupor or coma may progress if it is not 
managed promptly, resulting in herniation of the brain 
through the foramen magnum.

In summary, the primary survey assures identification 
and immediate treatment of life-threatening problems. It 
also allows identification of unstable patients so that 
appropriate monitoring can be instituted and potential 
problems can be anticipated and prevented.

Secondary survey
After the primary survey and stabilization of immediate 
life-threatening conditions, the secondary survey is per -
formed. This includes a full physical examination, inclu -
ding measurement of bodyweight if possible, obtaining a 
detailed history from the owner, assessment of the 
response to initial therapy, and more in-depth diagnos -
tics, including clinical pathology and imaging procedures. 
It is during this time that a comprehensive diagnostic and  
therapeutic plan can be made and a cost estimate as well 
as prognosis can be formulated. In addition, the owner 
should be asked to choose the level of cardiopulmonary 
resuscitation to be performed should the animal suffer a 
cardiac or respiratory arrest (code status).

Vascular access
Intravenous access should be obtained in all critically ill 
patients for administration of intravenous fluids and drugs 
(Figure 1.3). Peripheral veins, such as the cephalic or lateral 
saphenous vein, are the most common vessels used for 
intravenous catheterization, mainly due to their accessibility 
and familiarity to most emergency personnel. Central 
venous access using the jugular or medial femoral vein 
allows higher drug concentrations to be achieved in the 
coronary vessels (important in cardiopulmonary resuscita-
tion) and allows placement of a larger-diameter catheter. 
This generally facilitates more rapid fluid administration as 
long as the length of the catheter is not so long as to cause 
resistance to fluid flow. However, central vessels are more 
difficult to access compared with the peripheral vessels, 
making them a second choice in an emergency situation 
when vascular access must be rapid. If a catheter cannot 
be placed percutaneously, a cutdown procedure may be 
needed to obtain vascular access. Jugular venepuncture 
and catheter placement is contraindicated in patients sus -
pected of having a coagulopathy or raised intracranial 
pressure. In neonates, the easiest and most expeditious 
way to obtain vascular access is via intraosseous catheter 
placement. Absorption of drugs via this route is almost as 
fast as central venous administration. Vascular access 
options are discussed in more detail in Chapter 2.

Critically ill animals have little physiological reserve to tolerate 
physical examination or medical intervention. Allow 

dyspnoeic animals to stabilize in oxygen before performing diagnostics 
and, above all, do no harm.

1.2

Intravenous access must be established as quickly as 
possible in the critical emergency patient. Short over-the-

�•�‡�‡�†�Ž�‡���…�ƒ�–�Š�‡�–�‡�”�•�����–�‘�’�����’�Ž�ƒ�…�‡�†���‹�•���’�‡�”�‹�’�Š�‡�”�ƒ�Ž���˜�‡�‹�•�•���ƒ�”�‡���„�‡�•�–�á���ƒ�•���–�Š�‡���ª�‘�™��
rate is optimal in a short wide-bore catheter. Long through-the-
needle catheters (bottom) placed in central veins are ideal for longer 
periods of hospitalization.

1.3

Emergency database
Blood should be obtained for an emergency database in 
all critically ill patients as soon as possible after presen -
tation. The minimum database should include measure -
ment of packed cell volume (PCV) and refractometric total 
solids (TS) or total protein (TP), glucose, blood urea nitro-
gen (BUN) and evaluation of a blood smear. Assessment of 
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urine specific gravity prior to fluid therapy, and of serum 
sodium and potassium levels and acid–base status can 
provide valuable information for use in diagnosis and can 
facilitate appropriate therapy. Blood samples can be col -
lected from the hub of the intravenous catheter as it fills 
with blood, or obtained from the hub of a 25 G needle 
placed into a peripheral blood vessel (Figure 1.4). The PCV, 
TP/TS, dipstick glucose, dipstick BUN and blood smear 
can all be obtained from three heparinized microhaema-
tocrit tubes.

tissue oxygen delivery. Thus, following acute blood loss, 
the initial PCV may be normal or even increased, accompa-
nied by a decreased TS due to interstitial fluid shifts dilut -
ing the plasma proteins. When faced with a trauma patient 
that has a normal PCV but decreased TS, there is a strong 
possibility that significant haemorrhage has occurred.

A decrease in PCV with a normal TS suggests an 
increase in destruction or a decrease in production of red 
blood cells. A decreased PCV with haemolysed or icteric 
serum suggests haemolytic anaemia, although hepatic 
and post-hepatic causes of icterus cannot be ruled out. 
Anaemia of chronic disease and bone marrow disorders 
that cause non-regenerative anaemia are characterized by 
a decreased PCV with a normal TS.

An alteration in the PCV:TS ratio characterized by an 
increased PCV but a normal to decreased TS can be seen 
with severe dehydration accompanied by concurrent protein 
loss. The most profound example of this occurs in patients 
with severe haemorrhagic gastroenteritis, which can have a 
PCV of 70% or higher, but a normal TS. Hypoproteinaemia 
(low TS) can result from haemorrhage, inflammation (e.g. 
peritonitis) or loss of protein from the body through the  
gastrointestinal tract or kidney. Loss through the kidney 
(protein-losing nephropathy) results in hypoalbuminaemia, 
whereas a loss from the gastrointes  tinal tract (protein-losing 
enteropathy) results in panhypoproteinaemia. An increase in 
PCV with a normal TS is seen in patients with polycythae -
mia, which is relatively rare. Figure 1.5 lists the possible 
causes of alterations in PCV and TS.

Blood samples 
for the 

emergency database can 
�„�‡���‘�„�–�ƒ�‹�•�‡�†���„�›���¤�Ž�Ž�‹�•�‰���ƒ��
microhaematocrit tube 
from the hub of a 25 G 
needle placed in a 
peripheral blood vessel, 
in this case the cephalic 
vein.

1.4

PCV (%) TS (g/l) Possible causes

Increased Increased Dehydration

Increased Normal Normal for breed (e.g. Greyhound); 
polycythaemia; dehydration combined 
with protein loss

Normal Increased Hyperglobulinaemia; anaemia with 
dehydration

Normal Decreased Acute haemorrhage, 
hypoalbuminaemia

Decreased Normal Haemolytic anaemia, non-regenerative 
anaemia

Decreased Decreased Haemorrhage, concurrent anaemia and 
hypoproteinaemia

Changes in packed cell volume (PCV) and total solids (TS) 
�‡�š�’�‡�…�–�‡�†���™�‹�–�Š���†�‹�¡�‡�”�‡�•�–���†�‹�•�‡�ƒ�•�‡���•�–�ƒ�–�‡�•�ä1.5

Packed cell volume and total solids
PCV is used as a good estimate of haemoglobin (Hb) 
concentration (PCV divided by 3 approximately equals  
Hb (in g/dl – multiply this by 10 to get g/l)) and hence  
oxygen-carrying capacity. The only exception to this is if 
haemoglobin-based oxygen carriers (HBOCs) have been 
used. Although not available at the time of writing, they 
may become so in future. If HBOCs are used, the PCV will 
give a falsely low estimate of haemoglobin. In addition, 
HBOCs also lead to changes in serum colour and care 
must be taken when interpreting any colorimetric tests in 
these patients. Refractometer measurement of TS allows 
estimation of serum proteins, which provides a rough 
indication of plasma colloid osmotic pressure, thereby 
facilitating decisions about the type of intravenous fluids 
to be used. TS is not as accurate as an estimate of  
colloid osmotic pressure after the administration of syn -
thetic colloids, as the value tends towards that of the  
synthetic colloid administered.

PCV and TS should be interpreted together, and in  
conjunction with clinical findings. They can provide infor -
mation regarding hydration status, as well as an estimate 
of red cell content in the blood. Changes in these two 
parameters often parallel each other, but an alteration in 
the normal ratio of PCV to TS gives additional useful infor -
mation. An increase in both PCV and TS is consistent with 
dehydration, as total body fluid loss results in concentra -
tion of red blood cells and plasma proteins. A decrease in 
PCV and TS is seen with aggressive fluid therapy or after 
haemorrhage. However, the decrease in both PCV and TS 
is not seen immediately following haemorrhage, as it takes 
time for fluid to shift from the interstitium to the intra  - 
vas cular space to cause dilution. In addition, immediately 
following an acute loss of blood volume in the dog, splenic 
contraction causes an influx of erythrocytes into the  
circulation in an attempt to restore circulating volume and 
increase oxygen-carrying capacity of the blood, improving 

PCV and TS are important in guiding fluid and diuretic 
therapy. The absolute values determine the choice of fluid 
(e.g. isotonic crystalloid, colloid, blood products) to be deliv -
ered when correcting hypovolaemia or dehydration (see 
Chapter 4). A change in PCV and TS is expected following 
aggressive fluid or diuretic therapy, and these parameters 
should be measured frequently to help monitor response.

Physical appearance of blood samples
Examination of the microhaematocrit tube following centri -
fugation can provide additional information. A large buffy 
coat indicates a high white blood cell count. The colour of 
the serum may provide clues to the disease process; 
icterus may be due to pre-hepatic, hepatic or post-hepatic 
problems. Lipaemic serum may be due to pancreatitis, 
post-prandial lipaemia, or may be associated with hyper -
adrenocorticism or hypothyroidism. Haemolysed serum 
may be due to the collection technique or intravascular 
haemolysis.
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Blood glucose
Increased blood glucose may be due to insulin resistance 
and/or lack of insulin (diabetes mellitus), or acute glyco -
genolysis. Insulin resistance and glycogenolysis due to 
stress are seen most commonly in cats, but can also occur 
in dogs secondary to head trauma, seizures, severe hypo -
volaemia or hypoxia. The hyperglycaemia in these cases is 
transient if the underlying problem is corrected (e.g. fluid 
resuscitation if hypovolaemic). In contrast, although blood 
glucose levels will decrease slightly following intravenous 
fluids in a patient with diabetes mellitus, hyperglycaemia 
will persist in a diabetic patient unless it receives insulin 
therapy. Serum or urine ketones should be measured in 
patients presenting with high blood glucose, especially if 
they have a metabolic acidosis. Ketones can be demon -
strated in the plasma from the microhaematocrit tube 
using ketone dipsticks, which can detect acetone and  
ace to acetate but not �`-hydroxybutyrate.

Hypoglycaemia is a common finding in the emergency 
patient. It can be identified in patients with insulin over  -
dose, sepsis, hypoadrenocorticism, juvenile hypoglycaemia, 
heatstroke, severe hepatic dysfunction, insulin-secreting 
tumours, insulin-like growth factor-secreting tumours, 
severe hypothermia and storage diseases. When using a 
glucometer or dipstick, falsely low results are obtained for 
glucose in whole blood when the PCV is high. This varia-
tion differs with each manufacturer. A more accurate result 
can be obtained by centrifuging the blood sample and 
measuring the serum glucose levels.

Blood urea nitrogen
BUN can be estimated using a dipstick. Although this 
method has limitations, when performed correctly it is a 
very useful screening test. A low dipstick BUN is accurate, 
but elevated results should be confirmed by other labora -
tory methods. Increased BUN may result from pre-renal, 
renal or post-renal causes, while low BUN can occur due 
to severe liver dysfunction or diuresis.

Blood smear
The red blood cells, white blood cells and platelets should 
be evaluated using a carefully prepared blood smear. The 
number and morphology of each cell type should be evalu -
ated and recorded. Examination of the red blood cells is 
most important in patients with anaemia or if there is  
a suspicion of blood loss. Signs of regeneration such  
as polychromasia or anisocytosis help to characterize the 
anaemia as regenerative or non-regenerative. Cell mor-
phology should be evaluated for the presence of sphero -
cytes (seen in patients with immune-mediated haemolytic 
anaemia), Heinz bodies (indicating oxidative damage to 
haemoglobin), schistocytes (suggesting intravascular 
shear injury) or echinocytes (can be seen after rattlesnake 
envenomation). Parasites such as Mycoplasma haemofelis 
or Babesia spp. may also be seen (see Chapter 13).

The blood smear should be scanned at low power to 
estimate the number of white blood cells, and then at 
higher power to assess their morphology. One white blood 
cell viewed per X40 field at the feathered edge approxi -
mates to a cell count of 1.5 x 10 9/l. The differential count 
and nucleated cell morphology can be assessed using oil 
immersion. Leucocytosis with a mature neutrophilia sug -
gests a stress response, or an inflammatory or infectious 
process. Immature neutrophils such as band cells and 
occasionally metamyelocytes or myelocytes may be 

released into the circulation, termed a ‘left shift’, if there is 
a severe inflammatory or infectious process. However, the 
absence of a leucocytosis or a left shift does not rule out 
inflammation or infection. Leucopenia can be due to 
decreased production or sequestration of white blood 
cells. Decreased production can result from viral infections 
such as parvovirus, or from the administration of chemo -
therapeutic or immunosuppressive drugs. White blood cell 
sequestration resulting in leucopenia occurs in patients 
with severe infections or extensive tissue necrosis, for 
example those with peritonitis, necrotizing pancreatitis or 
bite wounds. Transient leucopenia can also be seen in 
hypothermic patients.

Bleeding patients should be evaluated for adequacy of 
platelet numbers. The whole slide should be scanned 
under low power for platelet clumps, since these can result 
in an artificially low count. In healthy dogs and cats there 
should be 11–25 platelets per monolayer field under oil 
immersion. One platelet viewed per oil immersion field 
(X100) approximates to 15 x 109/l (i.e. three platelets per oil 
immersion field approximates to 45 x 10 9/l in the blood). 
Most patients with spontaneous bleeding due to thrombo -
cytopenia have fewer than two platelets per oil immersion 
field; animals with four to five platelets per field are unlikely 
to be bleeding due to thrombocytopenia. Low platelet 
numbers can result from decreased production, consump -
tion or increased destruction.

Summary
The amount of information obtained from a simple emer -
gency database can be tremendous, and should not be 
underestimated. This information, combined with a thorough 
history and physical examination, can often provide a diag -
nosis as well as a prognosis.

Acid–base status and 
electrolytes
Cage-side blood gas, acid–base and electrolyte monitors 
are becoming more widely available for veterinary sur-
geons. Monitors differ, but can provide objective data per -
taining to acid–base status, oxygenation, ventilation and 
electrolytes. Some monitors can also analyse lactate, renal 
parameters and glucose, whilst newer machines may be 
equipped with co-oximetry. Analysis typically requires 
between 0.2 and 0.5 ml of whole blood, which is either 
inserted directly into the analyser (which contains all the 
reagents) or is injected into a cartridge that is inserted into 
the analyser. Different cartridges allow the clinician to 
choose the parameters to be measured, or the monitor can 
be programmed to perform selected analyses. Identifi -
cation of acid–base and electrolyte derangements (see 
Chapter 5) can expand on the history, physical examin -
ation and emergency database, to further develop the 
problem list and emergency plan.

Cage-side ultrasonography
Ultrasonography is becoming more widely available as a 
cage-side tool for emergency patients. The techniques 
originate from the use of FAST (focused assessment with 
sonography for trauma) scans in human emergency medi -
cine and the range of point-of-care ultrasound (POCUS) 
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techniques used in veterinary medicine is expanding. The 
goal is not to perform a comprehensive full body cavity 
scan, but to answer specific questions. The most common 
use is to detect fluid within a cavity, such as free abdom -
inal fluid. A free fluid scan should be performed on all 
trauma patients within minutes of presentation, and any 
animal with an acute abdomen. Furthermore, because free 
abdominal fluid can develop following fluid resuscitation, it 
should be repeated as necessary. Figure 1.6 illustrates 
how to use ultrasonography to detect free abdominal fluid 
in an emergency setting. Fluid may also be detected within 
the pericardial and pleural spaces if effusion is suspected 
based upon physical examination. Cage-side ultrasono -
graphy can also be used to identify the presence/absence 
of a bladder, for the detection of pyometra and in the 
assessment of fetal health.

need to be changed hourly depending upon the desired 
rate of sodium concentration change and the response  
to therapy (see Chapter 5). Dextrose, potassium or  
other electrolytes may need to be added to the fluid 
bags, but these supplemented fluids should never be 
administered as a bolus. Synthetic colloids or even blood 
products may need to be administered if severe hypo -
proteinaemia or anaemia has been identified on the 
emergency database.

Medication
The types of medication and the dose, route, rate and fre -
quency of administration should be clearly written and 
reviewed with the individual who will be administering the 
drugs. All drugs that are being administered should be 
reviewed for incompatibility with each other, as well as 
potential adverse effects in specific patients or disease 
processes. If side effects of a certain drug are of particular 
concern, specific information about the side effects should 
be noted in the treatment orders, and the parameters to 
monitor and suggested therapy for adverse reactions 
should also be included in the record.

Diagnostic plan
The diagnostic plan should be written and tests listed in 
priority of importance for the emergency care of the 
patient. The stability of the patient as well as the impor -
tance of the information that the test will provide should be 
considered when requesting a diagnostic test. The ques -
tion that should be asked for each test should be: ‘Will the 
information that I obtain make a difference to what I do on 
an emergency basis?’ If the answer to this question is ‘no’, 
then the test should not be performed. Certain blood tests 
and urine specific gravity in which pre-treatment values 
may be helpful later are the exception to this rule.

Monitoring
Monitoring procedures should be listed and clinician notifi -
cation criteria should be clearly communicated and re-
viewed with the nursing personnel. Often, the trend of 
change in a parameter is more important than the absolute 
value. Monitoring trends of change allows anticipation of 
problems before they occur. Monitoring parameters may 
be divided into physical examination, clinicopathological 
data and electronic evaluation.

Physical examination parameters should include:

• Mucous membrane colour
• Capillary refill time
• Pulse rate and quality
• Heart rate
• Lung sounds
• Respiratory rate and effort
• Neurological function
• Urination and urine output
• Defecation
• Vomiting
• Rectal temperature
• Abdominal pain
• Observation of skin and mucous membranes for 

ecchymoses and petechiations
• Assessment for peripheral oedema or interstitial 

dehydration
• Assessment of volumes of fluid collected from chest 

tubes or drains.

• Cage-side ultrasonography should be performed with the patient 
in lateral recumbency

• �	�‘�—�”���†�‹�¡�‡�”�‡�•�–���•�‹�–�‡�•���•�Š�‘�—�Ž�†���„�‡���‡�˜�ƒ�Ž�—�ƒ�–�‡�†���‹�•���–�™�‘���’�Ž�ƒ�•�‡�•�����Ž�‘�•�‰�‹�–�—�†�‹�•�ƒ�Ž��
and transverse):
• �
�”�ƒ�˜�‹�–�›�æ�†�‡�’�‡�•�†�‡�•�–���ª�ƒ�•�•���–�‘���†�‡�–�‡�…�–���ª�—�‹�†���ƒ�”�‘�—�•�†���–�Š�‡���•�’�Ž�‡�‡�•�á��

intestines and kidneys
• �
�”�ƒ�˜�‹�–�›�æ�‹�•�†�‡�’�‡�•�†�‡�•�–���ª�ƒ�•�•���–�‘���†�‡�–�‡�…�–���ª�—�‹�†���ƒ�”�‘�—�•�†���–�Š�‡���•�’�Ž�‡�‡�•�á��

intestines and kidneys
• ���‡�•�–�”�ƒ�Ž���•�‹�†�Ž�‹�•�‡���•�—�„�š�‹�’�Š�‘�‹�†���–�‘���†�‡�–�‡�…�–���ª�—�‹�†���„�‡�–�™�‡�‡�•���–�Š�‡���Ž�‹�˜�‡�”���Ž�‘�„�‡�•
• ���‡�•�–�”�ƒ�Ž���•�‹�†�Ž�‹�•�‡���’�”�‡�’�—�„�‹�…���–�‘���†�‡�–�‡�…�–���ª�—�‹�†���ƒ�”�‘�—�•�†���–�Š�‡���—�”�‹�•�ƒ�”�›��

bladder
• ���ˆ���ª�—�‹�†���‹�•���†�‡�–�‡�…�–�‡�†�á���ƒ�„�†�‘�•�‹�•�‘�…�‡�•�–�‡�•�‹�•���•�Š�‘�—�Ž�†���„�‡���’�‡�”�ˆ�‘�”�•�‡�†���ƒ�•�†���–�Š�‡��

�ª�—�‹�†���ƒ�•�ƒ�Ž�›�•�‡�†

���•�‡���‘�ˆ���…�ƒ�‰�‡�æ�•�‹�†�‡���—�Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�’�Š�›���–�‘���†�‡�–�‡�…�–���ƒ�„�†�‘�•�‹�•�ƒ�Ž���ª�—�‹�†���‹�•��
an emergency setting.1.6

Emergency plan
The emergency plan depends upon the presenting prob -
lem and stability of the patient, and the level of nursing and 
technical support available. A medical problem list should 
be generated and the problems prioritized from the most 
to the least life-threatening. The problems should then be 
addressed in that order, making a diagnostic, therapeutic 
and monitoring plan for each one. The plans for each 
problem should be collated and a comprehensive, concise 
and clearly written hospital order list should be formulated. 
Categories that should be covered include fluid therapy, 
medications to be administered, diagnostics to be per -
formed, parameters to be monitored, code status and 
nursing orders.

Fluid therapy
Fluid therapy orders should include the type of fluid to be 
administered, the rate of infusion and the route by which 
the fluid should be given. The frequency of reassessment 
of the fluid orders depends upon patient stability and 
how rapidly the fluid requirements change. In very un  - 
stable patients, fluid therapy may require re-evaluation 
every 15–30 minutes, depending on the response to ther -
apy. Relatively stable patients, where fluid deficits are 
being replaced over 24 hours, require less frequent reas -
sessment of fluid orders, perhaps as infrequently as 
every 6–12 hours. Fluid rate and type are determined not 
only by cardiovascular status but also by sodium and 
potassium concentrations. Type of fluid and rate of infu -
sion become very important in patients with extremes of 
sodium concentrations, such as severe hyponatraemia or 
hypernatraemia. In these cases, fluid therapy orders may 
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The most common clinicopathological parameters  
monitored in the emergency room include:

• PCV
• TP/TS
• Glucose
• Dipstick BUN
• Serum sodium concentration
• Serum potassium concentration
• Blood gas analysis
• Lactate
• Urinalysis
• Blood smear
• Clotting times (prothrombin time (PT) and activated 

partial thromboplastin time (aPTT)).

Electronic monitoring may include:

• Continuous electrocardiography
• Blood pressure measurement (Doppler, oscillometric or 

direct methods)
• Pulse oximetry
• End-tidal capnography
• Detection of free abdominal fluid using ultrasonography
• Measurement of central venous pressure
• Cardiac output
• Oxygen delivery
• Oxygen consumption.

Nursing orders
Nursing orders should be tailored to the needs of each 
individual patient. The specific disease process, the sever -
ity of the patient’s condition and the level of staffing should 
all be considered when orders are written. For example, 
one nurse cannot provide comprehensive nursing care to a 
comatose, 50 kg large-breed dog that is being mechan -
ically ventilated and receiving peritoneal dialysis.

The emergency plan must take into account the needs 
of the patient, the client’s needs and financial capabili -
ties, the immediate and overall prognosis and the capa -
bilities of the emergency staff and facility (Figure 1.7). If it 
is recognized that the best emergency plan cannot be 
accommodated by the facility and staff, referral of the 
patient to a tertiary facility that can provide optimal care 
should be considered.

Cardiovascular

• Electrocardiography
• Blood pressure monitoring (direct and indirect)
• Central venous pressure monitoring
• ���‡�¤�„�”�‹�Ž�Ž�ƒ�–�‘�”���™�‹�–�Š���‹�•�–�‡�”�•�ƒ�Ž���ƒ�•�†���‡�š�–�‡�”�•�ƒ�Ž���’�ƒ�†�†�Ž�‡�•
• Fluid pumps and syringe drivers
• ���”�‡�•�•�—�”�‡���„�ƒ�‰�•���ˆ�‘�”���”�ƒ�’�‹�†���ª�—�‹�†���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•
• Selection of intravenous catheters

Respiratory

• Means to provide short- and long-term oxygen therapy (e.g. oxygen 
cage, face masks)

• Means to intubate and ventilate (e.g. laryngoscope, endotracheal 
tubes, Ambu resuscitation bag)

• Pulse oximeter
• End-tidal capnograph

Diagnostics

• Glucometer (dextrometer)
• Means to measure TP/TS and PCV
• Microhaematocrit tubes, centrifuge, refractometer
• ���‹�…�”�‘�•�…�‘�’�‡�á���•�Ž�‹�†�‡�•�á���•�–�ƒ�‹�•�������‹�¡�æ���—�‹�•® and Gram) and immersion oil
• Electrolyte and blood gas analyser
• Lactate analyser
• Coagulation analyser
• ���•�ƒ�’���–�‡�•�–�•�����‡�ä�‰�ä���ˆ�‡�Ž�‹�•�‡���Ž�‡�—�•�ƒ�‡�•�‹�ƒ���˜�‹�”�—�•�á���ˆ�‡�Ž�‹�•�‡���‹�•�•�—�•�‘�†�‡�¤�…�‹�‡�•�…�›��

virus, parvovirus)
• ���•�•�‘�•�‡�–�‡�”
• ���‘�Ž�Ž�‘�‹�†���‘�•�…�‘�–�‹�…���’�”�‡�•�•�—�”�‡���ƒ�•�ƒ�Ž�›�•�‡�”
• Urine dipsticks
• Dipsticks for BUN and ketones
• X-ray machine, processor and view box (or digital radiography)
• Ultrasound machine

Surgical

• Anaesthetic machine
• Surgical gowns and drapes
• Surgical sets
• Electrocautery
• Surgical table and lights
• Chest tubes, tracheostomy tubes

Other

• Weighing scales
• Thermometer
• Means of providing warmth
• Ophthalmoscope
• Otoscope
• Pen light
• Stomach tubes

Recommended emergency room equipment. Those in �‹�–�ƒ�Ž�‹�…�• 
are desirable but not essential.1.7
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Vascular access

Sophie Adamantos

The placement and maintenance of intravascular access is 
one of the most important skills for any veterinary surgeon 
(veterinarian) and veterinary nurse working in emergency 
and critical care medicine. Rapid and accurate placement 
of appropriate intravenous catheters allows administration 
of fluid and drug therapy, as well as providing an atrau -
matic means for serial blood sampling. Furthermore, 
placement of specialized catheters (e.g. central venous or 
arterial) can assist in monitoring intravascular volume  
status and blood pressure. Familiarization with alternative 
routes of vascular access can be important in particular 
situations, for example intraosseous access in collapsed 
kittens and puppies. This chapter addresses the different 
types of vascular access (catheter placement and main-
tenance) and summarizes complications that may occur.

Intravenous access
A number of factors should be considered when choosing 
the optimal type of intravenous access for each individual 
animal. These include:

• Vein selection and preparation
• Catheter choice, including material, length and gauge
• Ease of insertion
• Ease of maintenance, monitoring and prevention of 

complications.

Vein selection
When choosing the site for catheter placement a number 
of questions should be considered:

• Why am I placing this catheter?
• How long will it remain in place?
• What will I be administering through it?
• Does the animal have any medical or behavioural 

factors that should be considered?

The last question may include consideration of the  
animal’s temperament (aggressive animals may prove dif-
ficult to manage with a jugular catheter), the presence of 
coagulopathy (a contraindication for use of the jugular 
vein) and potential sources of catheter contamination 
(e.g. local tissue damage, skin infection, presence of 
vomiting, urination, diarrhoea and excessive salivation). 
Animals with regional vascular obstruction (e.g. gastric 
dilatation–volvulus or saddle thrombus) should have  

catheters placed in the front legs (i.e. at a site that is not 
affected by the obstructed vessel).

In emergency patients, the initial catheterization site 
should be chosen to facilitate rapid and effective catheter 
placement. Peripheral veins are generally more suitable 
than the jugular vein. Catheterization via a peripheral vein is 
adequate for administration of most fluids and medications, 
and should be the primary site for rapid intravenous access 
in the majority of emergency patients. There are several 
suitable peripheral sites in the dog and cat, including:

• Cephalic vein and accessory cephalic vein (below the 
carpus)

• Medial and lateral saphenous vein
• Auricular veins in breeds with large ears (e.g. Basset 

Hound)
• Dorsal common digital vein (over the metatarsal bones).

Most commonly the cephalic vein is used as it is fam-
iliar and most animals will tolerate gentle restraint for cath -
eter placement while in sternal recumbency. It is important 
to be familiar with other readily accessible sites, especially 
when faced with small patients or those that have suffered 
trauma to multiple limbs.

Following initial vascular access and fluid resuscitation 
via a peripheral vein, a decision should be made as to 
whether the animal is an appropriate candidate for central 
venous catheterization. Central veins are large veins that 
lie within the thoracic or abdominal cavity. They can be 
accessed from more peripheral sites including the jugular 
and saphenous veins. Factors that may prompt placement 
of a central venous catheter include:

• Likely long-term (>5 days) administration of fluids
• Administration of hypertonic fluids or medications
• The need to obtain multiple venous blood samples
• Necessity or preference for measuring central venous 

pressure (CVP)
• Animal factors (e.g. conformation, temperament) 

suggesting that maintenance of a peripheral catheter 
may be challenging.

The jugular vein is the most frequently used site for 
placement of central venous catheters and is easily acces -
sible in most animals. Other sites may be used to access 
the central compartment, most commonly the medial 
saphenous vein, which is particularly useful in cats. 
Hyperosmolar fluids (such as >5% glucose infusions or 
parenteral nutrition) should always be administered via a 
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central catheter to reduce the risk of thrombophlebitis. Any 
catheters (or ports of multi -lumen catheters) used for par-
enteral nutrition should be reserved for that purpose only 
and strict asepsis should be observed when managing the 
catheter. If these catheters are to be used to measure CVP, 
a jugular catheter is preferred. The tip of the catheter 
should lie within the thoracic cavity and the catheter tip  
on a lateral radiograph needs to be between the caudal 
aspect of the second rib and the right atrium. Placement 
should be checked with thoracic radiographs. Although 
CVP can be measured from the caudal vena cava, the  
cranial vena cava is preferred in dogs and cats.

Catheter selection
A large number of catheters are available on the veterinary 
and human medical markets, making selection difficult and 
at times confusing. Catheter size, composition and place -
ment method are the predominant characteristics to be 
considered in catheter selection.

Fluid flow rate through a catheter is related to both the 
length and radius of the catheter as well as rheological  
factors. Of these, catheter radius (r) has the greatest effect, 
flow rate being related to r 4. A reduction in catheter diameter 
by half results in a 16-fold decrease in flow rate, whereas 
doubling of the diameter would result in a 16 -fold increase 
in maximum flow. Increasing catheter length also results in 
decreased flow due to increased resistance. When choos -
ing a catheter for rapid fluid resuscitation the shortest cath -
eter with the biggest radius (gauge) should be utilized.

Catheters are made from a variety of chemically inert 
materials in order to limit vessel irritation; once they are in 
the body, however, inflammatory reactions may occur due 
to agents used in the manufacturing process. Silicone and 
polyurethane are minimally reactive, making these mater-
ials ideal for use in long-term catheters. Silicone is thought 
to be particularly desirable due to its additional character -
istic of flexibility but is very expensive. In contrast, Teflon ® 
(polytetrafluoroethylene) has intermediate reactivity and  
is relatively stiff, making it less suitable. Antibiotic -
impregnated catheters have been introduced to the human 
and veterinary markets; however, there are currently insuf-
ficient data to recommend their use in veterinary patients 
given the significant additional cost. Many catheters are 
rendered radiopaque by the addition of barium or bismuth 
salts into the plastic.

Catheters can be broadly divided into a number of cat -
egories by their placement method:

• Butterfly or winged- needle catheters
• Over-the-needle catheters
• Through-the-needle catheters
• Peel-away catheters
• Over-the-wire catheters (Seldinger technique).

Butterfly catheters (Figure 2.1) are essentially needles 
with attached wings, which enable them to be secured, 
and a short extension tube that facilitates attachment of a 
syringe for collection of blood or administration of intra-
venous medications. They are manufactured in a variety of 
gauges and lengths. Butterfly catheters are not suitable for 
fluid therapy as the sharp tip will damage the vein if it is 
left in place for more than a few minutes.

Over-the-needle catheters (Figure 2.2) are the most 
common catheter type in day -to-day use in veterinary prac-
tice. They are suitable for short- to medium-term intra-
venous access. Insertion is technically easy and associated 
with few complications. The catheters are inexpensive and 
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2.2

there are few contraindications to placement. They com -
prise a rigid, typically metal, stylet with a closely associated 
catheter fitted over it. The catheter should not be taken off 
the stylet prior to placement in order to prevent damage to 
the catheter. The stylet is used to penetrate the vessel and 
guide the tip of the catheter into the vein. The catheter is 
then slid off the stylet into the lumen of the vein. The cath-
eters are generally made of stiff material (e.g. fluorinated 
ethylene propylene, FEP® or other fluorinated polymers) to 
prevent damage to the tip as it passes through the vessel 
wall. A wide variety of gauges and lengths is available, 
making them extremely versatile. There are a large number 
of companies that provide intravenous catheters to the vet -
erinary and medical fields (see Useful websites below).

Through-the-needle catheters (Figure 2.3) have a large-
bore needle which is placed into the vein, with an adjust-
able length catheter that is threaded through the needle 
into the vessel lumen. After successful introduction of the 
catheter, the needle is withdrawn from the vessel and 
either enclosed in a plastic guard or removed altogether. If 
the needle is removed an adaptor is attached to the end of 
the catheter that remains outside the vein, and the catheter 
is secured. These catheters are easy to place and are a 
relatively affordable way of accessing the central venous 
compartment. However, the presence of the introducer 

���•���‡�š�ƒ�•�’�Ž�‡���‘�ˆ���ƒ���–�Š�”�‘�—�‰�Š�æ�–�Š�‡�æ�•�‡�‡�†�Ž�‡���…�ƒ�–�Š�‡�–�‡�”���™�‹�–�Š���ƒ�–�–�ƒ�…�Š�‡�†��
�‹�•�–�”�‘�†�—�…�‡�”���ƒ�•�†���•�‡�‡�†�Ž�‡���‰�—�ƒ�”�†�ä2.3
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needle and guard make some of these catheters difficult to 
secure and can result in bulky dressings.

Peel-away catheters (Figure 2.4) have a plastic guide 
(or sheath) which is placed in the lumen of the vessel using 
an over-the-needle technique. The needle is then removed 
and the catheter is inserted through the guide. The guide 
can then be ‘peeled away’ by pulling gently outwards and 
upwards on the two tabs of the sheath. The gauge of the 
catheter is limited to that of the plastic guide.

The final group of catheters are those designed to be 
placed by the over-the-wire (Seldinger) technique (Figure 
2.5); they are placed using a wire guide. A needle or intro-
ducer catheter is inserted into the vein and a wire is passed 
through it. The introducer catheter is removed, leaving only 
the wire in place. The catheter is then advanced over the 
wire into the vessel lumen. Theoretically, any gauge of 
catheter may be placed. In some circumstances this is 
aided by use of a vessel dilator advanced over the wire 
prior to catheter placement, which increases the diameter 
of the subcutaneous tunnel and venous puncture site. 
These catheters are secured by suturing them to the skin at 
the entry site via wings. Placement is shown in Figure 2.6.

Peel-away and Seldinger technique catheters are avail-
able as single or multi-lumen catheters. Multi -lumen cath-
eters have several ports (typically two or three), each 
running via a separate channel to the tip of the catheter, 
thus preventing mixing of fluids/drugs until they reach the 
bloodstream. The use of a multi -lumen catheter should be 
considered if the animal requires a mixture of fluid therapy, 
drug therapy, parenteral nutrition, CVP monitoring and/or 
repeated blood sampling (see Chapter 25).
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Catheter insertion
Peripheral veins
A large area of skin surrounding the vein should be clipped 
before insertion of the catheter. Long hair (feathers) on the 
caudal aspect of the limb may need to be removed if it will 
interfere with securing the catheter and to help prevent 
contamination. In some dogs a complete 360 -degree clip 
of the limb may be necessary. Catheters should be placed 
aseptically and as distal in the vein as possible to allow 
subsequent venepuncture at a more proximal site. In the 
emergency situation there may not be time for full aseptic 
preparation of the vein. In these circumstances, potentially 
contaminated catheters should be replaced as soon as 
possible. Peripheral catheter placement is described in 
Figure 2.7.

A T-port or extension set should be attached and the 
catheter well secured with conforming non -elastic adhesive 
tape or sutures. Extension sets are useful as they prevent 
unnecessary blood loss, provide a method of closure when 
the catheter is not in use and increase the ease of connec -
tion of drip lines and drug administration (Figure 2.8). 
Needle-free bungs should be used to close the extension 
set ports. These are useful to minimize contamination 
associated with connection and disconnection as they can 
always remain in place, and many modern ones prevent 
movement of blood into and out of the catheter hub (zero 
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displacement), which reduces infection risk. It is recom -
mended that they are vigorously cleaned for 30 seconds 
with a sterile alcohol wipe, and then allowed to dry prior to 
reconnection or use for injections. Needle -free bungs 
should not be removed prior to attaching a giving set as  
fluids will run freely through them. Needle -free bungs also 
offer health and safety benefits for veterinary personnel 
because of reduced risk of accidental needlestick injuries. 
After placement of the initial non -elastic adhesive tape, the 
catheter should be bandaged in place to prevent contami -
nation. This bandage should comprise a soft primary layer 
and a protective secondary layer.

Central veins
The most commonly used site for central venous access is 
the jugular vein. As a catheter of any length may be placed 
using the through-the-needle technique, other sites (e.g. 
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the medial saphenous vein) may also be utilized. Central 
venous catheters should be placed using strict aseptic 
technique. Sterile gloves should be worn and the catheter 
site should receive full surgical preparation and be draped 
appropriately before catheter placement. Although central 
lines may be placed in conscious animals if they are weak 
or debilitated, sedation or anaesthesia is required in most 
animals to prevent movement during the procedure. 
Considering the site and size of needle utilized, it is pru -
dent to check for the presence of coagulopathy or throm -
bocytopenia before placement. In breeds predisposed to 
von Willebrand’s disease a buccal mucosal bleeding time 
should also be performed.

Central lines may be placed using either the Seldinger 
(see Figure 2.6), through-the-needle or peel-away tech-
nique, as described above. These catheters are sutured in 
place and bandaged securely to prevent contamination 
and inadvertent removal. Peripherally inserted central 
catheters (PICC) are useful when access to the jugular vein 
is limited. In these cases long catheters are inserted 
through peripheral veins (usually the saphenous vein) into 
the caudal vena cava. These catheters can be used in  
the same way as conventional central catheters, although 
it must be remembered that if they are to be used to  
measure CVP then the tip of the catheter must be in the 
abdominal portion of the caudal vena cava. Recently, ultra -
sound-guided placement of central lines has been 
described in dogs (Chamberlin et al., 2013). This is asso-
ciated with a steep learning curve, but may be useful in 
challenging cases.

Catheter maintenance
Maintenance of the catheter is vitally important; the cath-
eter should be examined at least twice daily. The site of 
insertion should be monitored for signs of heat, erythema, 
swelling, pain (on palpation or during injection) or leakage 
of fluid. The leg and foot should be checked for swelling 
above the catheter site (indicating extravasation of fluid) 
and swelling of the toes (indicating that the bandage or 
tape is too tight). Jugular catheters are usually sutured in 
place and therefore only need to be covered with a light 
bandage, avoiding application of too much pressure to the 
neck. Too tight a jugular wrap will rapidly result in swelling 
of the head or upper airway obstruction. It should be  
possible to pass a hand comfortably under the bandage 
after placement. The bandage should be removed and 
replaced each time the catheter is checked. If signs of 
phlebitis are present (redness or discharge at the catheter 
site, thickening along the length of the catheter when it is 
palpated under the skin) or the animal develops unex-
plained pyrexia, the catheter should be removed and the 
tip sent for microbiological culture. Routine use of topical 
or systemic antibiotic ointments is not recommended.

Catheter patency should be maintained by any fluid 
running through it. If the catheter is not being used contin -
uously, intermittent flushing with saline or heparinized 
saline (1 IU of heparin per ml of saline) should be per-
formed two or three times a day as well as before and after 
use. There is no benefit associated with the use of hep -
arinized saline as opposed to normal saline for maintaining 
catheter patency in dogs or humans (Schallom et al., 2012; 
Ueda et al., 2013). In low use situations, it is more cost -
effective and safer to use small bottles of normal saline 
because bags of heparinized saline contain no preserva -
tive and therefore have a short shelf-life. Palpation during 
injection can be used to ensure patency of peripherally 
placed catheters, but this is not possible in central veins. 

To check patency of central catheters, negative suction 
should be applied and a ‘flash’ of blood should be 
observed prior to flushing or using the catheter. Failure to 
obtain blood when a central line is aspirated can indicate 
that the catheter is no longer correctly placed in the vein or 
that there is a partial obstruction, e.g. thrombus at the tip 
of the catheter. Some smaller-gauge central catheters, 
however, function poorly for blood sampling from the out -
set. Correct placement can be confirmed by injecting a 
small amount of an intravenous radiographic contrast 
agent and obtaining radiographs. Replacement of central 
catheters should be considered if it is not possible to aspi -
rate blood even if the fluids appear to be flowing well.

Once the catheter is no longer required it should be 
removed. As long as careful monitoring is performed, cath -
eters may be left in place for several days; it is not recom -
mended that catheters that are working well are replaced 
simply due to time elapsed since placement. When a cath -
eter is not in use, needle-free valves or sterile injection 
caps (Figure 2.9) should be used to close access ports; 
ports should never be left open to the air. In order to 
reduce the risk of contamination of the catheter, discon -
nection of fluid lines should be avoided and only done 
when absolutely necessary. The use of needle-free valves 
is thought to minimize this risk. Central venous catheters 
are useful for blood sampling. A technique for sampling 
from catheters is described in Figure 2.10.
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Catheter complications
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medications
Even with diligent efforts to secure and maintain catheters 
properly, there is a risk of displacement of any intravenous 
or arterial catheter. Risk of displacement may be greatest 
with the use of peripheral over-the-needle catheters. 
Careful securing and diligent monitoring are the best strat -
egies to limit catheter migration and subsequent extra-
vasation of fluids or medications.

Phlebitis/thrombophlebitis
All patients are at risk for phlebitis or thrombophlebitis by 
virtue of the inherent endothelial damage and inflamma -
tion incited by the presence of any intravenous catheter. 
Phlebitis may be simply inflammatory, or may be asso-
ciated with concurrent infection because the catheter 
entry site and attached fluid administration set represent 
an important portal for bacterial entry. As discussed 
above, catheters should be checked regularly and if 
examination of the catheter insertion site or vessel identi -
fies any redness, swelling, pain, firmness or other signs of 
inflam mation such as pyrexia, immediate removal of the 
catheter should be considered. In addition, removal of  
the catheter should be considered if the animal shows  
evidence of pain on injection. The presence of phlebitis 
increases the risk of other more serious catheter -related 
complications such as endocarditis.

Thrombosis/thromboembolism
Continuous administration of intravenous fluids and/or reg -
ular intermittent flushing decreases the risk of thrombosis 
but does not completely prevent it. Blood clots may occur 
within the catheter lumen, obstructing flow, or between the 
catheter and the vessel wall. Thrombi that form outside  
the catheter or attached to the tip of the catheter may not 
obstruct flow through the catheter, but can break off to 
form a thromboembolism at any time. Animals with under -
lying diseases predisposing to hypercoagulability (e.g. 
endocrine disease, cardiac disease, severe inflammation) 
are considered to be at greater risk for thrombosis and/or 
thromboembolism. Identification of hypercoagulability is 
becoming easier due to the introduction of viscoelastic 
coagulation testing to veterinary practice (e.g. thrombo-
elastography). In animals at risk of hypercoagulability, 
careful risk–benefit assessment should be performed 
before placement of a central catheter. Routine anticoagu -
lation is not recommended in animals at risk of hypercoag -
ulability with central venous catheters, but cannulated 
vessels should be evaluated frequently for thrombosis and 
catheters removed if there are any concerns.

Placement of a peripherally inserted central catheter 
via the saphenous vein may be preferred. Septicaemia is 
considered to be an absolute contraindication to central 
vein catheterization in human patients due to the increased 
risk of thrombophlebitis, although this contraindication is 
not considered absolute in small animal patients. Central 
lines are routinely placed in dogs and cats with sepsis.

Infection
Routine practice of good hygiene and aseptic techniques 
whenever intravenous catheters are placed and used, 
combined with daily catheter maintenance, are the best 
strategies for prevention of catheter -related infections. 

Catheter contamination will be minimized by limiting the 
number of disconnections from fluid lines and injection 
ports. The use of systemic antimicrobials does not reduce 
the risk of infection and is not recommended for preven -
tion of infectious complications.

Dislodgement/catheter embolism
Embolism by a piece of an intravenous catheter is an 
uncommon but serious complication, which may result 
from inadvertent transection of the catheter with a blade or 
scissors as bandage or suture material is being removed. 
Extreme caution should be practised whenever sharp 
instruments are used near a catheter. If a catheter embo -
lism occurs, however, the piece of catheter may be identifi -
able on radiographs if it is radiopaque. Depending on the 
site at which it lodges, it may be safe to leave it in place 
permanently, or retrieval may sometimes be possible using 
non-invasive intravascular techniques and fluoroscopy.

Air embolism
Air embolism may occur with any indwelling venous cath-
eter. The risk of air embolism is thought to be greatest  
during the placement of central venous catheters. This can 
be avoided by delaying release of vascular occlusion until 
the catheter has been connected to the T -port. Air embo -
lism can also occur if fluid administration sets are not 
flushed properly and air bubbles remain within the line. In 
most circumstances, when air embolism does occur, small 
emboli will be contained within the pulmonary vasculature 
without adverse clinical consequence.

�,�_�Z�H�U�N�\�P�U�H�[�P�V�U
Blood loss may occur whenever a catheter becomes dis -
connected from its injection cap or fluid extension set. The 
risk of significant blood loss is greatest with arterial cathe -
ters as blood can be lost rapidly under arterial pressure. 
Animals with arterial catheters should always be under 
direct supervision. Animals with venous catheters can also 
suffer haemorrhage if the catheter becomes disconnected 
and a clot does not form; however, significant blood loss  
is rare. All animals with intravenous access should be 
observed at regular intervals.

Specialized techniques
�*�\�[���K�V�^�U���[�L�J�O�U�P�X�\�L���M�V�Y���]�L�U�V�\�Z���H�J�J�L�Z�Z
In some animals, it may not be possible to obtain percuta -
neous peripheral or central venous access and a surgical 
cut-down approach will be required. This occurs most 
commonly in animals with severe peripheral oedema or 
vascular collapse (hypovolaemia or shock). The technique 
may be used for peripheral or central veins and is similar 
for both. If time allows, strict aseptic technique should be 
followed; if not, clipping of the hair and brief wiping with 
an antiseptic solution will suffice. These catheters are 
considered to be ‘dirty’ and should be removed as soon 
as possible; they should never remain in place beyond  
24 hours. Drainage of the site may be required after cath -
eter removal.

After skin preparation, the location of the vein is identi -
fied using anatomical features and circumferential com -
pression of the leg or compression of the neck using 
digital pressure at the thoracic inlet. The location of the 
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jugular vein can be estimated by drawing an imaginary line 
from the manubrium to the angle of the jaw. The jugular 
vein will be found approximately halfway along this line. 
The skin is pulled dorsally so that it no longer overlies the 
vein and a longitudinal incision is made through the skin to 
the subcutaneous tissues. The length of the incision will 
depend partially on the site and partially on the skill of the 
veterinary surgeon or nurse. The skin is allowed to return 
to the normal position, and the subcutaneous tissues are 
bluntly dissected away from the vein using the index  
fingers or sterile curved-tip haemostats. Catheter insertion 
is facilitated by removal of as much of the fascia from 
around the vein as possible (Figure 2.11).

Once the vein is exposed, catheter placement is 
accomplished using one of two techniques. The first tech -
nique utilizes two loops of suture material passed beneath 
the vein. The distal (for limbs) or cranial (for the jugular 
vein) loop is used to elevate and partially occlude the vein 
during placement, and the proximal (limb) or caudal (jugu -
lar vein) loop can subsequently be used to secure the 
catheter. This technique requires complete dissection of 
the vessel from the surrounding tissues. The other tech -
nique uses no suture; the catheter is placed in the conven -
tional manner once the vein is directly visualized. Less 
dissection is required with this technique, although stabili -
zation of the vessel is more challenging. Once the catheter 
is in place it should be secured immediately by suturing it 
to the vessel or surrounding tissues using absorbable 
suture material. The skin may then be sutured and the 
catheter bandaged into place as previously described.

�0�U�[�Y�H�V�Z�Z�L�V�\�Z���J�H�[�O�L�[�L�Y�Z
Intraosseous access is particularly useful in cases where 
direct intravenous access is not possible but where rapid 
fluid administration is required, such as in hypovolaemic 
puppies or kittens, or in animals with severe vascular  
collapse. This route may be used to provide initial fluid 
resuscitation and medication until intravenous access is 
possible. Most substances that can be given intravenously 
may be given into the medullary space and absorption into 
the vasculature is extremely rapid. Although intraosseous 
needles are considered to access the central compart -
ment, hypertonic and alkaline fluids may cause pain when 
infused and can lead to lameness. Intraosseous cannulas 
are commercially available (Figure 2.12); however, a spinal 
or bone marrow aspiration needle may be used. In neo -
nates, a regular hypodermic needle may be used as the 
cortical bone is soft. Ideally, the needle should have a  
central stylet to prevent a core of bone from obstructing 
the needle. Automated devices for placement are available 
and provide a rapid way to access this compartment.
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Placement of an intraosseous catheter is easy and rapid. 
The technique is described in Figure 2.13. Any site with a 
good marrow cavity may be used and suitable sites include:

• The medial aspect of the trochanteric fossa of  
the femur

• The flat medial surface of the proximal tibia, 1–2 cm 
distal to the tibial tuberosity

• The cranial aspect of the greater tubercle of  
the humerus

• The wing of the ilium.

The preferred sites are those in the femur and tibia. 
Damage to the sciatic nerve can be avoided by walking the 
needle off the medial edge of the greater trochanter. 
Damage to the growth plate is extremely unlikely in young 
animals with careful placement.
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Once in place, fluids can be given rapidly to provide 
volume resuscitation and, despite concerns about hyper -
tonicity, dextrose is often given successfully to collapsed 
neonates by this route. Intraosseous catheters and  
needles may be left in place but are difficult to secure in 
active animals; their most useful application is therefore 
during initial stabilization where intravenous access is 
impossible. Extravasation may occur so the subcutaneous 
tissues should be monitored. Should this occur, the can -
nula should be removed and a different bone selected  
for subsequent placement, or efforts made to place an 
intravenous catheter once initial resuscitation has been 
performed.

Arterial catheterization
Arterial catheters are placed less commonly than venous 
catheters in veterinary practice. They are particularly use -
ful for monitoring critically ill patients as they allow direct 
arterial blood pressure measurement and serial collection 
of arterial blood gas samples. They require greater tech-
nical skill to place than venous catheters; however, with 
practice arterial catheters may be placed in the majority of 
medium- to large-sized dogs. Placement in cats and small 
dogs is more challenging.

The main sites used for arterial catheterization are the 
dorsal pedal artery, femoral artery, auricular artery, coccy -
geal artery and palmar metacarpal artery. A 20–22 G 
peripheral venous catheter can be placed in most arteries. 
The site is prepared gently with an antimicrobial solution 
and surgical spirit. Vigorous scrubbing may cause arterial 
spasm and should be avoided. Use of a small stab incision 
(No. 11 blade) through the skin facilitates placement as it 
minimizes damage to the catheter tip. The artery is pal -
pated during placement and this is used to guide the cath -
eter tip towards the vessel (Figure 2.14). As the walls of 
arteries are more muscular than those of veins, entrance  
of the catheter into the vessel is aided by short, firm, pur -
poseful movements once the catheter tip is in the region of 
the artery. The flash chamber is watched closely for signs 
of vessel penetration, and once this has occurred the stylet 
may need to be flattened and advanced another millimetre 
or two into the vessel before the catheter is advanced into 
place. To facilitate feeding of the catheter, it is important 
that the catheter is aligned parallel to the artery at all times 
and approached at a gentle angle (10–30 degrees). The 
dorsal pedal artery sits between the fourth and fifth meta -
tarsal bones, then runs across the cranial tarsus at about 
30 degrees to the long axis of the limb from medial to lat -
eral. Ideally, the artery should be penetrated as low down 

as possible, in order to minimize compression of the cath-
eter when the tarsus is flexed. Once in place, the catheter 
is secured firmly, bandaged and heparinized. It may then 
be used as required for blood pressure monitoring and  
collection of samples for blood gas analysis.

Arterial catheters may be placed in animals that are 
thrombocytopenic or coagulopathic, but this should be 
done with care and only the more distal sites on the limb 
should be used where pressure can be applied. There is 
an increased risk of bleeding in these situations; if this 
occurs firm pressure should be applied to the site for 
10–15 minutes. Arterial catheters should be maintained in 
a similar way to venous catheters; however, they require 
more frequent flushing (at least every 1–2 hours) as they 
are prone to occlusion. Alternatively, arterial catheters 
used for continuous monitoring of direct arterial blood 
pressure may be connected to a disposable pressure 
transducer, through which dilute heparinized saline is con -
tinuously infused under pressure via microtubing (Figure 
2.15). Care must be taken to identify clearly arterial cathe -
ters as such, to avoid inadvertent administration of fluids 
or drugs into the artery. Due to the risk of vascular damage 
and subsequent tissue necrosis, use of arterial catheters 
should be restricted to blood sampling and pressure moni -
toring; they should never be used for the administration of 
drugs or fluids.
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�;�O�L���W�\�S�T�V�U�H�Y�`���H�Y�[�L�Y�`���J�H�[�O�L�[�L�Y
Cardiac catheterization is an uncommon procedure gener -
ally reserved for the intensive care unit and which requires 
the participation of an experienced specialist. Pulmonary 
artery (PA) catheters (Swann–Ganz catheters) are special-
ized multi-lumen catheters equipped with a balloon -tip to 
facilitate catheterization of the pulmonary artery and sub -
sequent measurement of vascular pressures (wedge pres-
sure). They are also equipped with a thermistor to allow 
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determination of cardiac output and systemic vascular 
resistance. Select PA catheters may also allow additional 
monitoring (e.g. oximetry). Indications for the use of a PA 
catheter include animals that are refractory to routine fluid 
resuscitation, animals with known cardiac disease that 
require aggressive fluid therapy and animals with distribu -
tive shock. Contraindications for cardiac catheterization 
include: the presence of bleeding disorders, acquired 
coagulopathies or severe hypercoagulability; unstable car -
diac conditions; and any pre -existing risk for complica -
tions (i.e. severe dysrhythmias or predisposition to them). 
These catheters are rarely placed in veterinary practice.
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A number of companies provide intravenous catheters and other supplies such 
as connectors and needle -free devices. The following is a list of those that the 
author has found useful:

Arrow International: 
www.arrowintl.com

Infusion Concepts:  
www.infusionconcepts.com

MILA International: 
www.milainternational.com

Smiths Medical:  
www.smiths- medical.com/uk

Terumo: 
www.terumomedical.com

Vygon: 
www.vygon.co.uk  
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Assessment and treatment  
of shock
Emily Thomas and Elise Boller

Shock is broadly defined as an imbalance between oxygen 
delivery to tissues (DO2) and oxygen consumption by  
tissues (VO2), resulting in impaired cellular metabolism and 
energy production. In rare cases, disruption of cellular 
metabolism may result in deranged oxygen consumption 
such that shock exists despite normal DO 2 (e.g. mitochon-
drial dysfunction due to cyanide toxicity or sepsis). The 
effects of shock are seen at the cellular, tissue and ulti -
mately organ levels, and may cause significant morbidity 
and mortality without prompt, aggressive treatment.

Shock may be classified according to its underlying 
aetiological, haemodynamic or functional effects. In veter-
inary medicine, a commonly used haemodynamic classifi -
cation includes hypovolaemic, cardiogenic, obstructive and 
distributive types of shock. Importantly, multiple types of 
shock can coexist within one patient; for example, hypo-
volaemic and obstructive shock (a patient with gastric dila -
tation–volvulus (GDV)), or hypovolaemic and distributive 
shock (a patient with septic peritonitis). Additionally, several 
clinical stages of shock are recognized, and are character -
ized based on the extent of physiological compensation. 
The effects of shock are initially reversible, but become 
irreversible in the late clinical stages.

Treatment varies according to the type of shock. The 
most commonly seen in small animal practice is hypo-
volaemic shock, for which the initial treatment is fluid 
resuscitation. However, it is important to determine the 
cause of shock and to treat accordingly, as treatment may 
vary depending on the underlying aetiology. For example, 
fluid resuscitation may be detrimental for patients in some 
types of cardiogenic shock (e.g. those with respiratory 
compromise along with pump failure), and some animals in 
distributive shock may not respond appropriately to fluid 
therapy and will require treatment with vasopressors.

The prognosis for shock is variable, from good to grave 
depending on the underlying cause and clinical stage. 
However, even patients presenting with dramatic clinical 
signs may respond well to appropriate treatment, and 
these cases can be very rewarding to treat.

Pathophysiology
An imbalance between oxygen delivery and 
oxygen consumption
Oxygen delivery (DO2) is determined by cardiac output  
(the volume of blood pumped by the heart each minute), 

haemoglobin concentration, arterial oxygen saturation and,  
to a small extent, arterial partial pressure of oxygen (Figures 
3.1 and 3.2). Under normal physiological conditions, DO 2 
greatly exceeds VO2, and only 20–30% of delivered oxygen 
is extracted for consumption. Typically in shock states, 
either DO2 is decreased and/or VO2 is increased, which ulti -
mately leads to anaerobic metabolism and therefore 
decreased cellular energy production. In very rare circum -
stances there is a primary defect in mitochondrial meta-
bolism that decreases the ability of the cells to utilize 
oxygen to produce energy (decreased VO2). Multiple factors 
may alter the balance between DO2 and VO2 (Figure 3.3).

• Preload
• Contractility
• Afterload
• Lusitropy

SV

CO

DO2

CaO2

HRHbSaO2 PaO2

Components that determine delivery of oxygen. CaO2 = blood 
oxygen content; CO = cardiac output; DO2 = oxygen delivery; 

Hb = haemoglobin; HR = heart rate; PaO2 = arterial partial pressure of 
oxygen; SaO2 = arterial oxygen saturation;  SV = stroke volume.

3.1

DO2 = CO x CaO2

CO = HR x SV
CaO2 = (1.34 x [Hb] x SaO2) + (0.003 x PaO2)

Equations for determination of oxygen delivery. CaO2 = blood 
oxygen content; CO = cardiac output; DO2 = oxygen delivery; 

Hb = haemoglobin; HR = heart rate; PaO2 = arterial partial pressure of 
oxygen; SaO2 = arterial oxygen saturation;  SV = stroke volume.

3.2
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Example factors DO2 VO2

Hypovolaemia; anaemia; 
hypoxaemia; maldistribution of 
�„�Ž�‘�‘�†���ª�‘�™���…�ƒ�—�•�‡�†���„�›��
vasodilatation

Decreased Normal

Status epilepticus; fever; 
�‡�š�…�‡�•�•�‹�˜�‡���™�‘�”�•���‘�ˆ���„�”�‡�ƒ�–�Š�‹�•�‰

Normal Increased

Mitochondrial dysfunction, e.g. 
sepsis, cyanide toxicity

Normal Decreased

���Ž�–�‡�”�ƒ�–�‹�‘�•�•���‹�•���–�Š�‡���”�‡�Ž�ƒ�–�‹�‘�•�•�Š�‹�’���„�‡�–�™�‡�‡�•���‘�š�›�‰�‡�•���†�‡�Ž�‹�˜�‡�”�›��������2) 
and oxygen consumption (VO2�����‹�•���”�‡�•�’�‘�•�•�‡���–�‘���†�‹�¡�‡�”�‡�•�–��

factors. The altered relationship can result in shock states and decreased 
cellular energy production. Note that some disease processes, such as 
�•�‡�’�•�‹�•�á���•�ƒ�›���ƒ�¡�‡�…�–���•�—�Ž�–�‹�’�Ž�‡���ˆ�ƒ�…�–�‘�”�•�ä

3.3

Anaerobic threshold

Supply independent
Supply 
dependent

DO2DO2 crit
(oxygen delivery)

V
O

2

���Š�‡���•�‘�”�•�ƒ�Ž���”�‡�Ž�ƒ�–�‹�‘�•�•�Š�‹�’���„�‡�–�™�‡�‡�•���‘�š�›�‰�‡�•���†�‡�Ž�‹�˜�‡�”�›��������2) and 
oxygen consumption (VO2). When DO2���ˆ�ƒ�Ž�Ž�•���„�‡�Ž�‘�™���–�Š�‡���…�”�‹�–�‹�…�ƒ�Ž��

level (DO2 crit) anaerobic metabolism ensues, and VO2 becomes 
dependent on DO2.

3.4

Organ system Clinical signs of 
dysfunction

Diagnostic test 
abnormalities

Renal Abnormal urine output; 
peripheral and 
pulmonary oedema; 
�™�‡�‹�‰�Š�–���‰�ƒ�‹�•

Elevated serum urea, 
creatinine, phosphate, 
potassium; 
isosthenuria; metabolic 
acidosis

Cardiac and 
vascular

Worsening clinical signs 
of hypoperfusion 
�†�‡�•�’�‹�–�‡���ƒ�†�‡�“�—�ƒ�–�‡���ª�—�‹�†��
�–�Š�‡�”�ƒ�’�›�â���‘�‡�†�‡�•�ƒ�â���™�‡�‹�‰�Š�–��
gain; persistent 
hypotension; irregular 
�Š�‡�ƒ�”�–���”�ƒ�–�‡���™�‹�–�Š���’�—�Ž�•�‡��
�†�‡�¤�…�‹�–�•

Decreased ejection 
fraction on 
echocardiography; 
arrhythmias; 
hypoalbuminaemia

Respiratory Increased respiratory 
�”�ƒ�–�‡���‡�¡�‘�”�–�â���’�—�Ž�•�‘�•�ƒ�”�›��
crackles; cyanosis

���‘�™��SpO2, PaO2; alveolar 
�‹�•�¤�Ž�–�”�ƒ�–�‡�•���‡�˜�‹�†�‡�•�–���‘�•��
thoracic radiographs

Hepatic Icterus; encephalopathy; 
diarrhoea; 
gastrointestinal bleeding

Increased serum liver 
enzyme activity; 
elevated serum total 
bilirubin; elevated 
ammonia and bile acids

Gastrointestinal Diarrhoea; melaena; 
vomiting; regurgitation; 
ileus; intolerance to 
feeding; decreased gut 
sounds

Elevated serum BUN; 
abnormal abdominal 
ultrasonography; 
abnormal auscultation

Nervous Dull or dull mentation; 
peripheral neuropathy; 
seizures

Abnormal neurological 
examination

Coagulation Thrombosis or bleeding Prolonged PTT, PT; 
elevated �	-dimers and/
or FDPs; 
thrombocytopenia

Endocrine Poor vascular 
responsiveness (CIRCI); 
relative insulin resistance 

���‘�™���„�ƒ�•�ƒ�Ž���…�‘�”�–�‹�•�‘�Ž��
delta-cortisol; 
hyperglycaemia

���˜�‡�”�˜�‹�‡�™���‘�ˆ���…�‘�•�•�‘�•���…�Ž�‹�•�‹�…�ƒ�Ž���•�‹�‰�•�•���ƒ�•�†���†�‹�ƒ�‰�•�‘�•�–�‹�…���–�‡�•�–��
�ƒ�„�•�‘�”�•�ƒ�Ž�‹�–�‹�‡�•���ˆ�‘�—�•�†���™�‹�–�Š���•�—�Ž�–�‹�’�Ž�‡���‘�”�‰�ƒ�•���†�›�•�ˆ�—�•�…�–�‹�‘�•��

syndrome (MODS). Diagnosis and management of individual organ 
system dysfunction is discussed in more detail in the relevant chapters. 
BUN = blood urea nitrogen; CIRCI = critical illness-related corticosteroid 
�‹�•�•�—�¥�…�‹�‡�•�…�›�â���	�������¯���¤�„�”�‹�•���†�‡�‰�‡�•�‡�”�ƒ�–�‹�‘�•���’�”�‘�†�—�…�–�â��PaO2 = arterial partial 
pressure of oxygen; PT = prothrombin time; PTT = partial thromboplastin 
time; SpO2 = peripheral capillary oxygen saturation.

3.5

Organ dysfunction and ischaemia- 
reperfusion injury
The changes in cellular metabolism result in complicated 
injury to tissues and organs secondary to ischaemia, 
inflammation and apoptotic signalling, among other patho -
logical changes. This is exacerbated by the systemic 
release of inflammatory cytokines such as tumour necrosis 
factor-�_ (TNF-�_), interleukin-1 (IL-1) and IL-8. Clinical signs  
of organ dysfunction secondary to shock may vary by  
species; the gastrointestinal system is commonly referred 
to as the ‘shock organ’ in dogs, whereas lung injury seems 
to be common in cats. In dogs, the splanchnic circulation  
is one of the first to be compromised because blood is 
diverted to vital organs such as the heart and brain, which 
normally have a high oxygen extraction ratio and little  
physiological reserve. Organ injury may remain subclinical 
and/or localized, but as shock progresses, multiple organ 
dysfunction syndrome (MODS) may ensue (Figure 3.5).

Although there is no consensus definition for MODS in 
veterinary patients, a working definition is dysfunction of 
two or more organs in critically ill patients such that organ 
system-specific supportive care is required to maintain 

As DO2 decreases, the cellular oxygen extraction ratio 
increases in most tissues, enabling VO2 to remain con-
stant. However, this physiological reserve is exhausted 
once the oxygen extraction ratio is maximized. The DO 2 
level at which this occurs is known as the ‘critical DO 2’. 
Below this critical level, VO2 starts to reduce linearly with 
DO2 (a state known as ‘supply dependency’), resulting in 
a switch from aerobic to anaerobic metabolism (Figure 
3.4). Alternatively, a switch to anaerobic metabolism can 
result from increased tissue oxygen consumption, as 
seen with status epilepticus, fever or increased work of 
breathing. Finally, disease processes such as sepsis may 
cause a primary impairment of oxygen utilization at the 
mitochondrial level, resulting in decreased VO 2. In these 
instances, anaerobic metabolism occurs at higher DO 2 
levels than usual.

When cells convert to anaerobic metabolism, cellular 
energy production is greatly decreased. Under aerobic 
conditions each molecule of glucose yields 38 molecules 
of adenosine triphosphate (ATP), whereas under anaerobic 
conditions, only two ATP molecules are produced and  
lactate and free hydrogen ions are formed as byproducts. 
Normal cellular processes are affected both by energy 
depletion and by intracellular acidosis, leading to changes 
in cell membrane permeability and alterations in intra  cel l-
ular ion ratios, which may ultimately cause cell dysfunction 
and death.
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adequate homeostasis (Johnson et al., 2004; Hackett, 
2011). Since MODS reflects a systemic response to shock, 
dysfunction of any organ may occur, including those  
distant from the original underlying injury. Patients that 
develop MODS have increased mortality, and its early  
recognition and prompt treatment are essential (Kenney  
et al., 2010).

Unfortunately, pathophysiological changes continue 
even after tissue perfusion is restored. As oxygen is 
restored to damaged cells, reperfusion injury may occur. 
Under ischaemic conditions there is build -up of xanthine 
oxidase within cells. This reacts with oxygen to produce 
reactive oxygen species (ROS), which result in local oxida-
tive damage, cell death and tissue injury. ROS may also 
enter the systemic circulation and cause more widespread 
oxidative damage.

�*�S�H�Z�Z�P�Ä�J�H�[�P�V�U���V�M���Z�O�V�J�R
Various classification schemes for shock have been pro  - 
posed and there is no single ‘correct’ system. In this  
chapter shock states are classified according to approach 
to treatment, and therefore broadly as ‘circulatory’ or 
‘non-circulatory.’

• Circulatory types of shock (hypovolaemic, cardiogenic, 
obstructive, distributive) all result in tissue 
hypoperfusion (reduced DO2) and, with the exception of 
cardiogenic shock, usually require treatment with 
intravenous fluids.

• Non-circulatory types of shock (hypoxic, metabolic) 
arise when other factors affect the balance between 
DO2 and VO2; treatment of non -circulatory forms of 
shock varies depending on the underlying aetiology.

Whilst classification schemes are clinically helpful, any 
scheme is necessarily a vast oversimplification of the 
complex pathophysiology described above. Thus, patients 
often present in shock that may be classified concurrently 
into several categories. For example, a dog with GDV  
may be in hypovolaemic, cardiogenic and obstructive 
shock all at the same time. Figure 3.6 summarizes the 
shock classification scheme with the definitions used in 
this chapter.

Broad category Type of shock ���‡�¤�•�‹�–�‹�‘�•

Circulatory Hypovolaemic Decreased intravascular 
volume

Cardiogenic Reduced cardiac output 
���î�ˆ�‘�”�™�ƒ�”�†�ï���‘�”���î�’�—�•�’�ï���ˆ�ƒ�‹�Ž�—�”�‡��

Obstructive Physical obstruction to blood 
�ª�‘�™���Ž�‡�ƒ�†�‹�•�‰�á���—�Ž�–�‹�•�ƒ�–�‡�Ž�›�á���–�‘��
�”�‡�†�—�…�‡�†���¤�Ž�Ž�‹�•�‰���‘�ˆ���–�Š�‡���Ž�‡�ˆ�–���•�‹�†�‡��
of the heart (heart and/or 
great vessels)

Distributive ���ƒ�Ž�†�‹�•�–�”�‹�„�—�–�‹�‘�•���‘�ˆ���„�Ž�‘�‘�†���ª�‘�™��
(vasodilatation, 
vasoconstriction)

Non-circulatory Hypoxic Decreased oxygen content in 
arterial blood (anaemia, 
hypoxaemia, 
dyshaemoglobinaemia)

Metabolic Impaired cellular metabolism

���Š�‘�…�•���…�Ž�ƒ�•�•�‹�¤�…�ƒ�–�‹�‘�•���•�…�Š�‡�•�‡�ä3.6

Circulatory types of shock
Hypovolaemic shock
Hypovolaemic shock is defined as shock resulting from a 
decrease in blood volume, and is the most common form  
of shock seen in small animal practice. It may occur  
with volume loss due to haemorrhage (internal or external),  
with loss of other body fluids (e.g. vomiting, diarrhoea, 
polyuria, third -spacing of fluids) or due to decreased intake 
(e.g. restricted access to food and/or water) (Figure 3.7).

In clinical practice, the term ‘hypovolaemia’ is used to 
refer to a fluid deficit in the intravascular space, while the 
term ‘dehydration’ is used to refer to a deficit in the inter-
stitial space. It is very important to make a clinical distinc -
tion between a patient that demonstrates inter  stitial 
dehydration and one that is hypovolaemic; hypovolaemia is 
life-threatening and must be treated immediately with acute 
resuscitative fluid therapy, while interstitial dehydration is 
not and can be corrected more slowly, over 6–24 hours.

Fluid loss

Haemorrhagic Internal Cavitary: peritoneal, retroperitoneal, 
pleural or pericardial spaces

Non-cavitary: gastrointestinal, 
urinary, subcutaneous, bleeding into 
tumours

External Trauma

Non-
haemorrhagic

Internal Cavitary: peritoneal, retroperitoneal, 
pleural or pericardial spaces 

Non-cavitary: interstitial space, 
urinary tract, gastrointestinal tract

External Urine, vomitus, diarrhoea, excessive 
�•�ƒ�Ž�‹�˜�ƒ�–�‹�‘�•�á���™�‘�—�•�†�•�á���„�—�”�•�•

���‡�…�”�‡�ƒ�•�‡�†���ª�—�‹�†���‹�•�–�ƒ�•�‡

Unable to 
drink

���‡�•�–�”�‹�…�–�‡�†���ƒ�…�…�‡�•�•���–�‘���™�ƒ�–�‡�”
���”�‘�„�Ž�‡�•�•���™�‹�–�Š���’�”�‡�Š�‡�•�•�‹�‘�•���ƒ�•�†���•�™�ƒ�Ž�Ž�‘�™�‹�•�‰
Vomiting or regurgitation

Uninterested 
in drinking

Neurological disorders

Causes of hypovolaemic shock.3.7

Distributive shock
Distributive shock is defined as a maldistribution of blood 
flow, most commonly inappropriate vasodilatation due to 
sepsis or the systemic inflammatory response syndrome 
(SIRS). It is clinically distinct from other forms of shock  
in that it initially results in a hyperdynamic state, which in 
dogs is characterized by increased cardiac output and 
peripheral vasodilatation (see below). Release of inflam-
matory mediators and induction of the nitric oxide pathway 
causes inappropriate vasodilatation such that the vascular 
volume that needs to be filled is increased, which leads to 
maldistribution of blood flow and a decrease in effective 
circulating volume such that DO 2 to the tissues is compro -
mised. As distributive shock worsens it usually progresses 
from a hyper- to hypodynamic state.

SIRS is systemic inflammation resulting from infectious 
or non-infectious causes. Non-infectious SIRS may be 
caused by insults such as trauma, pancreatitis, shock,  
surgery or burns. Its strict definition is the presence of two 
or more defined criteria in an animal with an inflammatory 
focus (Figure 3.8). These criteria are very non-specific 
(many healthy patients will fulfil them after exercise or  
during the stress of clinical examination) but the definition 
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category. Causes of obstructive shock include GDV, peri -
cardial tamponade, tension pneumothorax, and pulmo -
nary or aortic thromboembolism.

Cardiogenic shock
There is often confusion about the term ‘cardiogenic 
shock’. In its purest sense, cardiogenic shock occurs 
when cardiac output is reduced (i.e. ‘forward’ or ‘pump’ 
failure). Cardiac output is a product of stroke volume and 
heart rate. Systolic and diastolic dysfunction and cardiac 
arrhythmias may cause decreased stroke volume and/or 
abnormal heart rates. Common causes of cardiogenic 
shock, grouped according to their effect on cardiac func -
tion, are summarized in Figure 3.9. It is important to note 
that not all patients in congestive heart failure (build -up of 
fluid ‘behind’ the heart or ‘backward’ failure) are in cardio -
genic shock, while most animals in cardiogenic shock will 
concurrently be in congestive heart failure.

Patients with chronic cardiomyopathies develop com -
pensatory mechanisms such as cardiac dilatation and 
increased heart rate to cope with a gradual decline in  
cardiac output; however, as the disease progresses and 
compensatory mechanisms fail or an arrhythmia deve-
lops, the patient may show overt clinical signs of forward 
failure. Complicating factors, such as the onset of back -
ward congestive heart failure (cardiogenic pulmonary 
oedema, which causes hypoxic shock), may confound the 
clinical picture. The prognosis is typically guarded for 
patients in cardiogenic shock, except when it is caused by 
a revers ible underlying disease such as sepsis-induced 
myocardial dysfunction.

Cardiogenic shock is typically not treated with intra-
venous fluids, but rather with medications directed at in -
creasing cardiac output (inotropes and anti -arrhythmic 
drugs).

Non-circulatory types of shock
Hypoxic shock
Hypoxic shock is defined as shock resulting from de  -
creased oxygen content in arterial blood (C aO2). Hypoxic 
shock may arise due to decreased haemoglobin or dys -
functional haemoglobin as in dyshaemoglobinaemias, or 

Parameter Dogs Cats

Heart rate 
(beats per minute)

>120 <140 or >225

Respiratory rate 
(breaths per minute)

>40 >40

Temperature (°C) <38.1 or >39.2 <37.8 or >40

White blood cells/�+l <6000 or >16,000 <5000 or >19,000

Band neutrophils (%) >3

���”�‹�–�‡�”�‹�ƒ���ˆ�‘�”���–�Š�‡���†�‹�ƒ�‰�•�‘�•�‹�•���‘�ˆ���•�›�•�–�‡�•�‹�…���‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›���”�‡�•�’�‘�•�•�‡��
syndrome (SIRS). In addition to the presence of an 

�‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›���ˆ�‘�…�—�•�á���–�™�‘���‘�”���•�‘�”�‡���…�”�‹�–�‡�”�‹�ƒ���•�—�•�–���„�‡���’�”�‡�•�‡�•�–���‹�•���†�‘�‰�•���ˆ�‘�”��
diagnosis, and three or more in cats.
(Hauptman et al., 1997; Brady et al., 2000)

3.8

Parameter Dysfunction Cause Examples

Stroke volume Systolic dysfunction Decreased cardiac contractility • Dilated cardiomyopathy
• Sepsis
• Endomyocarditis
• Myocardial infarction
• End-stage mitral valve endocardiosis

���‡�†�—�…�‡�†���î�ˆ�‘�”�™�ƒ�”�†�ï���ª�‘�™ • Hypertrophic obstructive cardiomyopathy
• Aortic stenosis
• Chordae tendinae rupture

Diastolic dysfunction Inability of ventricular muscle to relax • Hypertrophic cardiomyopathy

Physical restriction • Pericardial tamponade

���‡�†�—�…�‡�†���¤�Ž�Ž�‹�•�‰���–�‹�•�‡ • Tachyarrhythmias 

���‡�†�—�…�‡�†���¤�Ž�Ž�‹�•�‰���’�”�‡�•�•�—�”�‡• Severe hypovolaemia

Heart rate Bradyarrhythmias Conduction disturbances • Third-degree atrioventricular (AV) block
• High-grade second-degree AV block
• Atrial standstill
• Sick sinus syndrome

Tachyarrhythmias Conduction disturbances • Supraventricular tachycardia
• Ventricular tachycardia

Causes and types of cardiogenic shock.3.9

remains useful for those patients where inflammation is 
clinically suspected, especially in patients that appear to 
be clinically ill.

Veterinary definitions of sepsis and septic shock are not 
universally agreed upon but a good working definition of 
sepsis is the clinical syndrome of systemic inflammation 
associated with infection. It represents a dysregulation of 
host response to infection and is life threatening. Infection 
may be of bacterial, viral, fungal or protozoal origin. In 
humans, the term ‘severe sepsis’ has been discarded and 
replaced by the term ‘sepsis’  because sepsis is, by defini -
tion, a severe and life-threatening condition. Septic shock 
is sepsis accompanied by organ dysfunction, such as arte -
rial hypotension despite volume resuscitation, or other  
cellular/metabolic abnormalities that substantially increase 
mortality. There is no current consensus on definitions in 
veterinary medicine. Importantly, it is not only the infection 
itself that causes the morbidity associated with sepsis, but 
also the host response to the infection. Dysregulation of 
vasomotor tone, coagulation and endothelial permeability 
are all hallmarks of the sepsis/SIRS syndrome.

Obstructive shock
Obstructive shock results from physical obstruction to 
blood flow, either to or from the heart, or through the 
great vessels. It shares many characteristics with  
car diogenic shock and is often categorized together  
with cardiogenic shock rather than in its own distinct  
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desaturated haemoglobin caused by decreased partial 
pressure of oxygen (see Figures 3.1 and 3.2). Decreased 
CaO2 acts to decrease DO2, sometimes despite normal  
tissue perfusion, resulting in hypoxic shock. The most 
common cause of hypoxic shock in clinical veterinary 
practice is severe anaemia, which is not necessarily asso-
ciated with hypovolaemia (e.g. immune -mediated haemo-
lytic anaemia). It is important to note that in these cases, 
low CaO2 arises directly from low levels of haemoglobin, 
not from respiratory disease, and diagnostic tests such  
as pulse oximetry and arterial blood gas analysis may  
be unremarkable.

Severe pulmonary disease is, however, a separate 
potential cause of hypoxic shock, and is not uncommon. 
For example, severe aspiration pneumonia or pulmonary 
contusions may reduce oxygen uptake sufficiently to cause 
hypoxic shock.

Finally, and uncommonly, alterations in the binding 
affinity of haemoglobin for oxygen may result in hypo-
xaemia despite normal haemoglobin levels. Examples 
include carbon monoxide poisoning (carboxyhaemoglo-
binaemia) and paracetamol (acetaminophen) toxicosis 
(methaemoglobinaemia).

Metabolic shock
Metabolic shock results when cellular aerobic metabolism 
is reduced despite normal DO 2. Severe metabolic 
derangements such as hypoglycaemia, acidaemia and 
primary mitochondrial dysfunction can result in metabolic 
shock; however, many patients with these conditions will 
concurrently have other types of shock. Normal aerobic 
metabolism relies on sufficient substrate (glucose) enter-
ing the cell, followed by oxidative phosphorylation within 
the mitochondria. Severe hypoglycaemia can therefore 
result in metabolic shock, as can disorders affecting any 
stage of mitochondrial respiration. Sepsis is thought to 
cause an intrinsic derangement in mitochondrial respir-
ation known as ‘cytopathic hypoxia’. Cyanide toxicity, 
although rarely seen, inhibits oxidative phosphorylation  
by binding to cytochrome oxidase within the mitochon -
dria. Both these disorders inhibit aerobic metabolism  
and may result in metabolic shock.

Diagnosis
Physical examination and physiological 
response to shock
Rapid recognition of shock is essential and a brief history 
and triage examination should be sufficient for initial diag -
nosis. The major body systems should be examined during 
triage, with particular attention paid to the cardiovascular 
system (heart rate, cardiac auscultation, mucous mem -
brane colour, capillary refill time (CRT), and pulse syn-
chrony and quality), respiratory system (respiratory rate, 
effort, pattern, mucous membrane colour, respiratory aus -
cultation) and neurological system (mentation and gait) 
(see Chapter 1). Clinical signs of shock may affect all these 
body systems and vary according to the type and stage of 
shock. There is also species variation, with cats showing 
different signs from dogs (Figure 3.10).

In early shock, clinical signs in dogs reflect a compen -
sated state and may easily be overlooked. The canine 
patient may be ambulatory and alert, often not yet showing 
pronounced mentation changes. There may be a mild 
increase in heart rate and respiratory rate, hyperaemic 

mucous membranes, and a shortened CRT of <1 second. 
The pulse quality may be normal or tall and narrow (Figure 
3.11). As hypovolaemic or cardiogenic shock progresses, 
the mucous membranes soon become pale due to vaso -
constriction. The clinical signs of this compensatory state 
can be explained by a predictable neurohormonal response 
to decreased effective circulating volume that is aimed at 
preserving cardiac output: catecholamine release results in 
increased heart rate, contractility and peripheral vasocon -
striction. Decreased renal blood flow resulting from low 
cardiac output also activates the renin–angiotensin–aldo-
sterone system. This increases sodium and water retention 
by the kidneys in an attempt to prevent further decreases in 
blood volume, and further promotes vaso  constriction. 
Other water-retaining mechanisms such as antidiuretic  
hormone release may also come into play.

Parameter Dogs Cats

Heart rate Tachycardia Bradycardia

Mucous membrane colour Hyperaemic Pale

���ƒ�’�‹�Ž�Ž�ƒ�”�›���”�‡�¤�Ž�Ž���–�‹�•�‡<1 second Variable

Temperature Often high ���•�—�ƒ�Ž�Ž�›���Ž�‘�™

Typical clinical signs of distributive shock in dogs and cats.3.10
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�’�”�‘�¤�Ž�‡�•�ä�����•�•�‡�•�•�‹�•�‰���–�Š�‡��
�Š�‡�‹�‰�Š�–���ƒ�•�†���™�‹�†�–�Š���‘�ˆ���–�Š�‡��
�’�—�Ž�•�‡���–�‘�‰�‡�–�Š�‡�”���ƒ�Ž�Ž�‘�™�•��
an estimation of pulse 
volume. (a) Normal 
palpable pulse pressure 
�’�”�‘�¤�Ž�‡�ä�����„�������›�’�‡�”�æ
dynamic pulse (tall and 
�•�ƒ�”�”�‘�™�����ƒ�•���’�ƒ�Ž�’�ƒ�–�‡�†���‹�•��
compensated 
hypovolaemia. (c) Weak 
pulse (short and 
�•�ƒ�”�”�‘�™�����ƒ�•���’�ƒ�Ž�’�ƒ�–�‡�†���‹�•��
decompensated 
hypovolaemia.

3.11

(a)

(b)

(c)
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As shock and hypoperfusion progress, dogs become 
overtly tachycardic and tachypnoeic, with pale mucous 
membranes (Figure 3.12a), a prolonged CRT (>1.5–2  
seconds) and decreased pulse pressure. Mentation may 
be depressed, and the skin and extremities are often cold 
to the touch, as blood flow is diverted to the central 
organs. Rectal temperature may decrease. In the terminal 
stages patients become progressively bradycardic, CRT is 
difficult to detect, peripheral pulses are weak or absent, 
the animal is hypothermic, stuporous or comatose, and 
oliguria or anuria may be present. This stage of shock is 
often irreversible despite aggressive attempts at resuscita -
tion. These advanced clinical signs are explained by pro -
gressive failure of neurohormonal responses to adequately 
compensate for the worsening hypoperfusion; it is not 
uncommon for veterinary patients to be presented in this 
decompensated stage of shock.

Dogs with distributive shock share the initial hyper-
dynamic clinical signs seen in other types of compensated 
shock. However, instead of progressing to vasoconstric -
tion and pale mucous membranes, the patient remains 
hyperaemic (Figure 3.12b) with a brisk CRT (<1 second) 
even in the more advanced stages of shock, due to vaso -
motor dysfunction resulting in inappropriate vasodilatation. 
In the very late stages, CRT will become prolonged.

Cats are assessed for clinical signs of shock in the 
same manner as dogs; however, the clinical signs differ in 
several ways. First, although the heart rate may increase in 
cats, heart rates in this species are typically not as propor -
tionately elevated as in dogs. In fact, having a lower than 
expected (or indeed lower than normal) heart rate may be 
a sign of shock in cats, particularly in septic cats. Second, 
their mucous membranes are normally paler than dogs, so 
appreciating paleness as a sign of shock can be challeng -
ing in cats. Third, evaluating the pulse quality and profile in 
cats is challenging normally and even more so in cats with 
shock. Cats tend to be quiet patients, so assessing a cat 
for the hallmark signs of shock (quiet, weak, dull menta -
tion) may also be challenging. Finally, cats do not always 
have fever with sepsis; in fact they are commonly hypo -
thermic. For all of these reasons, identifying shock in cats 
can be more challenging. It is therefore important to use all 
available tools, subjective and objective, to confirm a clini -
cal suspicion that a cat is in shock. Monitoring tools such 
as blood pressure and lactate measurement can be useful 
in this regard.

Assessment of mucous membrane colour in hypovolaemic versus���†�‹�•�–�”�‹�„�—�–�‹�˜�‡���•�Š�‘�…�•�ä�����ƒ�������›�’�‘�˜�‘�Ž�ƒ�‡�•�‹�ƒ���…�ƒ�—�•�‡�•���•�—�…�‘�—�•���•�‡�•�„�”�ƒ�•�‡���’�ƒ�Ž�Ž�‘�”���™�‹�–�Š���ƒ��
�’�”�‘�Ž�‘�•�‰�‡�†���…�ƒ�’�‹�Ž�Ž�ƒ�”�›���”�‡�¤�Ž�Ž���–�‹�•�‡�������������ä�����„�������ƒ�Ž�†�‹�•�–�”�‹�„�—�–�‹�‘�•���‘�ˆ���„�Ž�‘�‘�†���ª�‘�™���…�ƒ�—�•�‡�•���Š�›�’�‡�”�ƒ�‡�•�‹�…���•�—�…�‘�—�•���•�‡�•�„�”�ƒ�•�‡�•���™�‹�–�Š���ƒ���„�”�‹�•�•�����������‹�•���†�‹�•�–�”�‹�„�—�–�‹�˜�‡��

shock. 

3.12

(a) (b)

If cardiogenic shock is present then clinical signs 
consistent with cardiac abnormalities are often, but not 
always, detected on physical examination. Signs may 
include auscultation of a heart murmur, gallop rhythm or 
arrhythmia, with or without pulse deficits. If there is con -
current congestive (backward) heart failure, increased 
respiratory rate and effort with either crackles (pulmonary 
oedema) or dull lung sounds (pleural effusion) on pulmo-
nary auscultation may be noted. Jugular distension/
pulses and ascites may be evident with right -sided back-
ward failure.

Shock is a very dynamic state and a patient’s clinical 
status may change rapidly. The importance of repeating 
the physical examination during and after initial stabiliza -
tion, and at frequent intervals during hospitalization, can -
not be overemphasized. Assessment of the major body 
systems should typically be repeated every 15–30 min -
utes during initial stabilization and at least every 4 hours 
after that until the patient is deemed fully stable. Some 
patients may require more frequent monitoring than this.

Diagnostic tests
Shock is primarily a clinical diagnosis. Resuscitative 
treatment should be prioritized over extensive diagnostic 
testing in unstable patients. Most routinely performed 
tests in shock patients are used to determine the under-
lying cause of shock, assess organ damage and guide 
therapy, rather than to diagnose shock per se. A broad 
general approach to initial diagnostic testing for a patient 
in shock is outlined in Figure 3.13, although this will need 
to be tailored for individual patients. Almost all the sug -
gested tests can be performed while resuscitative treat -
ment is under way.

The authors’ general approach is to place an intra-
venous catheter and, if possible, draw blood samples 
from the intravenous catheter for an initial emergency 
database (see Chapter 1), serum biochemistry and 
haemogram (and possibly a coagulogram or blood typing 
as required). Acute resuscitative fluid therapy (if appro-
priate to the type of shock present) is then commenced. 
The collection of blood samples should never significantly 
delay initiation of resuscitative measures. Other diagnos -
tic tests such as imaging are usually delayed until the 
patient is more stable.
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General approach to basic diagnostic testing for patients in 
shock. Resuscitative treatment should be prioritized over 

�–�‡�•�–�‹�•�‰�á���ƒ�•�†���’�ƒ�”�–�‹�…�—�Ž�ƒ�”���…�ƒ�”�‡���•�Š�‘�—�Ž�†���„�‡���–�ƒ�•�‡�•���™�‹�–�Š���†�›�•�’�•�‘�‡�‹�…���ƒ�•�‹�•�ƒ�Ž�•��
�™�Š�‘�•�‡���…�‘�•�†�‹�–�‹�‘�•���•�ƒ�›���„�‡���™�‘�”�•�‡�•�‡�†���„�›���–�Š�‡���•�–�”�‡�•�•���‘�ˆ���Š�ƒ�•�†�Ž�‹�•�‰�ä�� 
BUN = blood urea nitrogen; ECG = electrocardiogram; EDTA = 
ethylenediaminetetraacetic acid; GDV = gastric dilatation–volvulus;  
PCV = packed cell volume; SpO2 = peripheral capillary oxygen saturation; 
TS = total solids.

3.13

All patients

• Major body system assessment and full physical examination
• Placement of ECG leads for monitoring heart rate and rhythm
• Non-invasive arterial blood pressure measurement
• SpO2 measurement
• Blood sampling from the intravenous catheter at placement:

• Blood from the hub of the catheter can be used to run an 
emergency database (PCV, TS, blood glucose, BUN, blood 
smear; see Chapter 1)

• Where it is possible to collect further blood samples at 
�’�Ž�ƒ�…�‡�•�‡�•�–���™�‹�–�Š�‘�—�–���…�‘�•�’�”�‘�•�‹�•�‹�•�‰���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”�á���…�‘�•�•�‹�†�‡�”�ã��
 – Cage-side venous blood gas, electrolyte, lactate measurement 

(typically only 0.1–0.2 ml of blood required)
 – Filling a serum gel and EDTA blood tube and reserving for later 

haematology and biochemistry panels

Selected patients

• �W�æ�Ž�‡�ƒ�†�������
���•�‡�ƒ�•�—�”�‡�•�‡�•�–���‹�•���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���–�ƒ�…�Š�›�…�ƒ�”�†�‹�ƒ�á���„�”�ƒ�†�›�…�ƒ�”�†�‹�ƒ��
or a suspected arrhythmia

• Ultrasound examination of the abdomen and/or pleural and 
�’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���•�’�ƒ�…�‡�•���ˆ�‘�”���ˆ�”�‡�‡���ª�—�‹�†�������‘�‹�•�–�æ�‘� �̂æ�…�ƒ�”�‡���—�Ž�–�”�ƒ�•�‘�—�•�†���•�…�ƒ�•��
���������������â���•�‡�‡�����Š�ƒ�’�–�‡�”�•���U���ƒ�•�†���V�X�����‹�•���’�ƒ�–�‹�‡�•�–�•���‹�•���™�Š�‹�…�Š���ª�—�‹�†��
accumulation is suspected based on clinical history, examination or 
�”�‡�•�—�Ž�–�•���‘�ˆ���–�Š�‡���‡�•�‡�”�‰�‡�•�…�›���†�ƒ�–�ƒ�„�ƒ�•�‡�����‡�ä�‰�ä���Ž�‘�™�����������������™�‹�–�Š���•�‘��
evidence of external haemorrhage)

• Diagnostic abdominocentesis, thoracocentesis or 
pericardiocentesis if required (thoracocentesis and 
pericardiocentesis may also be therapeutic)

• ���ƒ�†�‹�‘�‰�”�ƒ�’�Š�›���‹�•���ƒ�Ž�•�‘�•�–���ƒ�Ž�™�ƒ�›�•���†�‡�Ž�ƒ�›�‡�†���—�•�–�‹�Ž���ƒ�ˆ�–�‡�”���‹�•�‹�–�‹�ƒ�Ž���•�–�ƒ�„�‹�Ž�‹�œ�ƒ�–�‹�‘�•�á��
�™�‹�–�Š���”�ƒ�”�‡���‡�š�…�‡�’�–�‹�‘�•�•�����‡�ä�‰�ä���
���������™�Š�‡�”�‡���ƒ���”�ƒ�’�‹�†���”�ƒ�†�‹�‘�‰�”�ƒ�’�Š�‹�…��
diagnosis is required

• Blood collection for blood typing if anaemia is suspected, or 
coagulation panel if a coagulopathy is suspected

Type of 
hyperlactataemia

Underlying cause Prevalence

A: tissue hypoxia 
present

Decreased DO2
Increased VO2

Common

B: tissue hypoxia 
absent

B1: underlying disease causing 
decreased lactate clearance
Examples: acute hepatitis, chronic 
kidney disease, hyperthyroidism, 
diabetes mellitus, neoplasia, 
sepsis/SIRS

UncommonB2: toxins inhibiting oxidative 
phosphorylation
Examples: paracetamol, 
salicylates, ethylene glycol, 
carbon monoxide, cyanide, 
strychnine, terbutaline, 
nitroprusside, halothane, 
activated charcoal

B3: mitochondrial disease causing 
abnormal metabolism

Rare

���›�’�‡�•���ƒ�•�†���…�ƒ�—�•�‡�•���‘�ˆ���Š�›�’�‡�”�Ž�ƒ�…�–�ƒ�–�ƒ�‡�•�‹�ƒ���–�‘�‰�‡�–�Š�‡�”���™�‹�–�Š���ƒ�•��
estimation of their prevalence in emergency and critically ill 

patients.
�����ƒ�•�‡�†���‘�•���–�Š�‡���…�Ž�ƒ�•�•�‹�¤�…�ƒ�–�‹�‘�•���„�›�����‘�Š�‡�•���ƒ�•�†�����‘�‘�†�•�á���U�]�[�Z��

3.14

Lactate
Lactate is produced as a byproduct of anaerobic metabo -
lism and therefore increases in shock states. Multiple vet -
erinary experimental and clinical studies have shown that 
both arterial and venous lactate concentrations increase 
with shock (type A hyperlactataemia). Initial lactate levels 
have been correlated with survival and used to predict 
outcome in veterinary patients, although more recently 
interest has focused on serial lactate measurement and 
assessment of lactate clearance as a prognostic tool  
(see Monitoring shock resuscitation below). In one study 
of dogs requiring intravenous fluid therapy, those with  
lactate concentrations higher than the reference interval  
6 hours after presentation were more likely to die 
(Stevenson et al., 2007).

Measurement of lactate should be considered part  
of an initial database in emergency patients; it can be 
quickly and reliably measured using handheld lactate 
meters and many blood gas analysers include lactate meas -
urement. The required sample size is often only one drop of 
blood. Reference ranges vary, but a value >2.5 mmol/l is 
generally considered elevated. Whilst the most common 
cause of hyperlactataemia is shock, other disease pro -
cesses may sometimes result in elevated lactate in the 
absence of shock (type B hyperlactataemia) due to failure  
of lactate clearance or causes of anaerobic metabolism  
that are not related to perfusion. Examples include renal 
failure, hepatic dysfunction and neoplasia (Figure 3.14).

Central venous oxygen saturation
Central venous oxygen saturation (ScvO2) can be viewed as 
a reflection of the difference between oxygen delivery to 
and consumption by the tissues. When DO 2 decreases 
(due to anaemia, hypoxaemia or hypoperfusion) and/or VO2 
increases beyond a critical point, a decrease in S cvO2 
results. ScvO2 in normal patients is about 65–75% (venous 
partial pressure of oxygen (PvO2) is approximately 40 
mmHg); lower values indicate tissue dysoxia and oxygen 
debt. Although S cvO2 is not commonly directly measured  
in clinical practice, PvO2 is often substituted and under 
certain circumstances can be used clinically as an esti -
mate of ScvO2). As long as the limitations and practical 
consider ations regarding evaluation of these parameters is 
understood (discussed below), value may be gained by 
evaluating them in the diagnosis and treatment of shock.

First, sampling from peripheral sites (e.g. the cephalic 
vein) is not, in fact, ‘central’; it will reflect only regional 
(e.g. the foot) and not global circulation. Thus, S cvO2 can 
only be usefully assessed using blood obtained from a 
central venous catheter. In veterinary medicine it is very 
unusual for a central venous catheter to be placed during 
initial shock resuscitation, although one may already be in 
place in a hospitalized patient. Second, most blood gas 
analysers measure PvO2; ScvO2 is then calculated from 
PvO2 via the oxyhaemoglobin dissociation curve, taking 
into account the temperature and pH. Thus, abnormalities 
in pH and temperature will confound interpretation of  
the values.

Historically, mixed and central venous oximetry have 
received a large amount of attention in human sepsis and 
critical care but in response to recent human trials, its 
use is currently being downplayed. These trials did not 
demonstrate superiority of use of central venous cathe -
ters for monitoring of ScvO 2 (or central venous pressures), 
thus the sepsis improvement bundles were revised and 
routine placement of central venous catheters is no 
longer recommended.

The shock index (SI) is calculated by dividing heart rate 
by systolic blood pressure (SI = HR/SBP). A value greater 
than 0.9–1.0 has been associated with shock in dogs 
(Peterson et al., 2013; Porter et al., 2013). The shock index 
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is non-invasive and easy to calculate. Whilst evidence for 
its use in veterinary medicine is limited to date, it may prove 
clinically useful in dogs in the early stages of shock where 
the degree of tachycardia and hypotension may be subtle. 
A shock index >1.0 should prompt further investigation. 

Veno-arterial carbon dioxide partial pressure 
gradient.
The venous partial pressure of carbon dioxide (PvCO2) is 
usually around 4–6 mmHg greater than the arterial partial 
pressure of carbon dioxide (PaCO2) because carbon diox-
ide is produced by tissue metabolism and venous blood 
carries it back to the lungs for elimination. During shock, a 
decrease in pulmonary blood flow (i.e. cardiac output) 
causes the difference between venous and arterial carbon 
dioxide pressures to increase. A difference >6 mmHg may 
indicate poor tissue perfusion.

Future diagnostic tests: assessment of 
microcirculatory perfusion
Traditionally, assessment has focused on global circulation 
in shock states. However, there is increasing evidence that 
global indices such as cardiac output do not correlate well 
with perfusion at the microcirculatory level (i.e. in the capil -
lary beds). Techniques developed in human medicine for 
direct evaluation of microcirculatory changes have been 
evaluated in anaesthetized dogs (Silverstein et al., 2009) 
and dogs in haemorrhagic shock (Peruski et al., 2011). 
These techniques remain experimental at present, but this 
is an interesting area of active research and may provide 
valuable diagnostic tools for small animal veterinary medi -
cine in the future.

Treatment
Rapid recognition and treatment of shock is vital to pre -
vent irreversible cellular and tissue injury and reduce mor-
tality. Initial treatment for some types of circulatory shock 
(hypovolaemic, obstructive, distributive) is rapid adminis -
tration of intravenous fluids to improve tissue perfusion  
by restoring effective intravascular volume; therefore, the 
immediate priority is to gain vascular access. Vascular 
access techniques, advantages and disadvantages of 
sites and catheter types, and indications for each are 
described in Chapter 2. Acute resuscitative fluid therapy is 
discussed in Chapter 4. Thus, this section will focus on 
therapies that should be carried out in parallel with acute 
resuscitation, treatment of types of shock other than 
hypovolaemic, and special considerations when adminis -
tering shock fluid therapy.

Adjunctive treatments in patients with 
shock
Adjunctive treatments during initial stabilization may include 
oxygen supplementation, analgesia, broad -spectrum intra -
venous antibiotics if sepsis is suspected, and cortico-
steroids if critical illness- related corticosteroid insufficiency 
(CIRCI) is suspected. Supplemental oxygen may be admin-
istered via flow-by or using a mask, nasal cannula/prongs or 
an oxygen cage/incubator (see Chapter 7). Although oxygen 
supplementation is unlikely to increase DO 2 dramatically 
without other resuscitative measures, it is quick and easy to 
implement and may help.

Prompt consideration should also be given to anal gesia, 
particularly in patients that have sustained trauma, are  
presenting with an acute abdomen, or show signs of pain 
from other causes. Pain may exacerbate tachycardia, can 
increase myocardial oxygen demand, and can affect the 
vasomotor centre and interfere with the vasoconstrictive 
response. Typically, pure mu opioid agonist analgesics are 
appropriate in patients with shock, although at very high 
doses they may cause respiratory and cardiovascular 
depression. Non-steroidal anti-inflammatory drugs (NSAIDs) 
are contraindicated in shock patients because they may 
cause renal and gastrointestinal injury in the presence of 
hypoperfusion. Other analgesic options may include lido -
caine and ketamine, which are often given as constant rate 
infusions (see Chapter 21).

If sepsis is present (based on known or suspected 
infection with consistent clinical signs), intravenous, 
broad-spectrum antibiotics should be started within 1 hour 
of the diagnosis of septic shock (see Chapter 23). This rec -
ommendation is an extrapolation from the Surviving 
Sepsis Guidelines for humans (Rhodes et al., 2017) and is 
reasonable to apply to veterinary patients (Butler, 2011) 
based on our knowledge of the pathophysiology of sepsis, 
and evidence from clinical and experimental animal  
models (see Treatment of distributive shock below).

Treatment of distributive shock
General considerations
Patients with distributive shock suffer from inappropriate 
vasodilatation and therefore require aggressive fluid resus -
citation; in addition, they often need vasopressor support. 
At the same time, they typically have increased capillary 
permeability and hypoalbuminaemia and are therefore at 
risk of interstitial overhydration with fluid therapy, even in 
the face of intravascular volume depletion. These patients 
can be especially challenging to treat. Generally, acute 
resuscitative fluid therapy is commenced (see Chapter 4), 
and if the patient remains hypotensive (systolic arterial 
pressure (SAP) <80 mmHg; mean arterial pressure (MAP) 
<60 mmHg) despite reasonable attempts at fluid resusci-
tation, vasopressor treatment should be considered. 
Determining the point at which a persistently hypotensive 
patient will not benefit from further intravenous fluid 
boluses can be difficult. Measuring central venous pres -
sure (CVP) can aid in predicting volume responsiveness; 
however, several factors can confound the interpretation of 
this therapeutic endpoint. Although its utility is debated, in 
the absence of other alternatives, CVP monitoring remains 
one of the few options available to general practitioners 
(Marik and Cavallazzi, 2013) (see Chapters 2 and 4, as well 
as Monitoring shock resuscitation below).

The 2016 Surviving Sepsis Guidelines recommend that 
resuscitation by performed by administering 30 ml/kg iso -
tonic crystalloid fluid aliquots (saline or a balanced isotonic 
but not synthetic colloid solution) for as long as haemo-
dynamic parameters improve, and monitoring using dyna-
mic response testing (i.e. passive leg raises) and frequent 
reassessment, with the goals of normalizing lactate and 
attaining a mean arterial blood pressure of >65 mmHg. It 
has been suggested to aim for a 50% reduction in lactate 
concentrations in the first 1–2 hours of resusci  tation 
(Rosenstein et al., 2014).

Patients with suspected CIRCI (i.e. patients that  
are hypotensive despite volume resuscitation and are 
vasopressor-dependent) may benefit from replacement  
treatment with hydrocortisone after adrenocorticotropic 
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hormone (ACTH) stimulation testing. If ACTH stimulation 
evokes a normal cortisol response, therapy may be dis -
continued. Therapy may be continued if: the basal cortisol 
level is normal but the ACTH-stimulated cortisol concen -
tration is still below the reference range; there is a normal 
or elevated basal cortisol concentration but a ‘flatline’ 
(<5%) response; the response is <3 �+g/dl (830 nmol/l) 
above the basal cortisol concentration; or there is a clini -
cally significant positive cardiovascular response upon 
corticosteroid replacement therapy. General non -specific 
use of steroids for shock, especially at higher doses, has 
not been shown to be beneficial and is discouraged since 
it may be associated with adverse gastrointestinal effects.

Vasopressor and inotropic therapy
Studies are ongoing to determine whether any one vaso -
pressor is better than another in veterinary patients. At 
present, it is reasonable to start with either noradrenaline 
(norepinephrine) or dopamine; vasopressin may also be 
considered. Noradrenaline is recommended as the first -
choice vasopressor in humans with septic shock (Rhodes 
et al., 2013). Noradrenaline is a catecholamine that mainly 
acts at alpha receptors, which are found on vascular 
smooth muscle cells; stimulation of alpha receptors results 
in vasoconstriction. Dopamine also stimulates alpha 
receptors at the higher end of the dose range, and as such 
may be useful in vasodilated patients. It also stimulates 
dopaminergic and beta receptors at the lower and middle 
dose ranges, respectively.

Vasopressin is not a catecholamine but acts via vaso -
pressin receptors on vascular smooth muscle to cause 
vasoconstriction; it may be useful in patients that are not 
responsive to catecholamines. There is increasing interest 
in both human and veterinary medicine in the use of vaso -
pressin to treat vasodilatory shock. However, at present it 
is expensive and difficult to source in the UK.

Dobutamine has its greatest effect at beta -1 receptors 
and as such is generally considered an inotropic (not a 
vasopressor) agent. Dobutamine may be useful when 
reduced cardiac contractility (e.g. sepsis- induced myocar-
dial dysfunction) is suspected. It should be noted that this 
drug also has mild beta -2 effects and as such can cause 
mild vasodilation. Of note, dobutamine has been reported 
to cause central nervous system effects (tremors and  
seizures) at higher doses in cats.

Vasopressors are administered as constant rate infu -
sions; the dose ranges and mechanisms of action are 
summarized in Figure 3.15. If vasopressors are started, 
ongoing monitoring of fluid status and haemodynamics is 
essential (see Chapter 4). Direct (invasive) blood pressure 
monitoring is ideal when patients are treated with vasoac -
tive medications because it provides continuous real -time 
information about the response to therapy, and has the 
greatest likelihood of accuracy in the presence of hypo-
tension. If using non-invasive (indirect) means of measure-
ment (e.g. Doppler or oscillometric), arterial blood pressure 
should be monitored at least every 15–30 minutes initially 
and after dose changes, and at least every 4 hours once 
the patient is stable. Vasopressors can cause cardiac 
arrhythmias, tachycardia and hypertension, so continuous 
electrocardiogram (ECG) monitoring is essential. Although 
vasopressors can increase arterial blood pressure, they 
may result in splanchnic vasoconstriction, which can 
cause gut and renal ischaemia, thereby potentiating organ 
dysfunction and failure. Thus, initiating the process of dis -
continuing vasopressor therapy should be considered 
when the underlying disease has been addressed and/or 

the patient’s clinical status is improving. At this stage, 
vasopressor therapy should be gradually tapered, with 
close cardiovascular monitoring, over 6–18 hours.

Source control and antimicrobial therapy
In distributive shock patients, the septic or inflammatory 
focus should be removed as quickly as possible and the 
patient should be treated with antimicrobial drugs as soon 
as sepsis is known or suspected. Ideally, appropriate  
samples should be collected for culture and sensitivity 
testing prior to starting broad -spectrum intravenous anti-
biotic treatment, but if samples cannot be collected 
quickly, antibiotic treatment should not be delayed in these 
critical patients. There is good evidence in human medi -
cine that delivery of appropriate antibiotics very early in 
the treatment of septic shock has a significant positive 
effect on outcome; the current recommendation is to com -
mence antibiotic therapy within 1 hour of the recognition or 
suspicion of sepsis and septic shock (Rhodes et al ., 2017).

Antibiotics should be reassessed once culture results 
are back and adjusted as appropriate (changed if neces -
sary or the spectrum narrowed). A rational choice of anti -
biotics is essential to improve survival, and suggestions 
for appropriate combinations of intravenous antibiotics  
to provide broad -spectrum coverage can be found in 
Chapter 23.

Intervention to remove the source of infection whenever 
possible (‘source control’) is vital, and should ideally be 
performed as soon as it is medically and logistically pos-
sible. However, surgical intervention may carry a high risk 
in an unstable patient; therefore resuscitation should take 
priority, and the simplest surgical plan to treat the infection 
with the least risk to the patient should be instituted until 
the patient is more stable. Anaesthesia and surgery should 
be thought of as subsequent ‘hits’ (in addition to the infec -
tion and shock) that may contribute to the overall morbidity 
of the patient. Despite this, it is essential that source con -
trol be performed as soon as possible after the patient is 
stabilized. Occasionally, despite aggressive attempts at 
stabilization, it can become clear that no further improve -
ment in haemodynamics will occur without source control. 
It can be a difficult decision to move forward with source 
control; however, the benefits may outweigh the risks in 
these patients.

Agent Mechanism of action Dose range 

Vasopressor agents

Noradrenaline Catecholamine causing mainly 
alpha adrenergic stimulation and 
peripheral vasoconstriction

0.05–2 �+g/kg/
min

Dopamine ���ƒ�–�‡�…�Š�‘�Ž�ƒ�•�‹�•�‡���™�‹�–�Š���•�‹�š�‡�†���ƒ�Ž�’�Š�ƒ��
and beta adrenergic stimulation 
causing peripheral 
vasoconstriction, increased 
cardiac contractility and heart rate

5–15 �+g/kg/
min

Vasopressin Stimulation of vasopressin 
receptors on vascular smooth 
muscle causing peripheral 
vasoconstriction

0.5–2 mU/kg/
min

Inotropic agents

Dobutamine Catecholamine causing mainly beta-
1 adrenergic stimulation, resulting 
in increased cardiac contractility, 
�ƒ�•�†���•�‹�Ž�†���„�‡�–�ƒ�æ�V���‡�¡�‡�…�–�•��
(vasodilation)

2– 20 �+g/kg/
min (dogs)

Dose ranges and mechanisms of action of vasopressor and 
inotropic agents.3.15
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Treatment of obstructive shock
Treatment for obstructive shock depends on the underlying 
cause. Patients with obstructive shock are often hypovol -
aemic, and as such require fluid therapy in addition to 
treatment of the underlying cause of obstructed blood flow. 
Typical causes of obstructive shock include peri  cardial 
tamponade, GDV, restrictive pericarditis and pulmonary 
thromboembolism. Treatment is aimed at the underlying 
cause (e.g. pericardiocentesis or gastric decompression; 
see Chapters 6 and 12). Particular consideration of the 
catheter site for intravenous fluid therapy is warranted in 
patients with GDV; this form of obstructive shock causes 
impairment of venous return through the caudal vena cava, 
so a thoracic limb or central vein (e.g. cephalic or jugular 
vein) should be used for administration of shock fluid  
therapy in these patients.

Treatment of cardiogenic shock
Treatment for cardiogenic shock differs from treatment of 
other forms of circulatory shock as fluid resuscitation 
should be used with caution, if at all, in patients with 
increased risk of fluid overload. Instead of fluids, the main -
stay of treatment is addressing the underlying disease with 
appropriate medication or procedures (see Chapter 6). 
These can often be very unstable patients and care should 
be taken to minimize stress. Full physical examination and 
diagnostics (such as thoracic radiography) are often 
delayed until the patient is stable enough to cope with 
restraint. In the interim, oxygen supplementation should  
be provided, and if signs of congestive heart failure are 
present then furosemide should be administered intra-
venously (if a catheter has been placed) or intramuscularly 
at an initial dose of 2 mg/kg (cats) or 4 mg/kg (dogs), with 
follow-up doses as needed based on the clinical response. 
Additional therapy in dogs could include a positive ino -
trope if there is decreased cardiac contractility, or anti -
arrhythmics as indicated (see Chapter 6).

Special considerations and troubleshooting 
�P�U�L�M�M�L�J�[�P�]�L���Å�\�P�K���[�O�L�Y�H�W�`
The decision to treat with aggressive intravenous fluid  
therapy should prompt careful consideration of any reason 
to be particularly cautious with the fluid volumes adminis -
tered, e.g. hypovolaemic patients with concurrent lung 
injury or patients with pre -existing heart murmurs. Caution 
is also warranted in cats, which seem to be more suscept-
ible than dogs to pulmonary oedema and pleural effusion 
with aggressive resuscitative fluid therapy. This may be 
partly because the lungs are the ‘shock organ’ of the cat 
and seem to be susceptible to both permeability and 
hydrostatic oedema in the setting of shock and critical ill -
ness, and also because the blood volume of the cat is 
smaller than that of the dog.

For any patient in which there is concern about fluid 
administration, more advanced monitoring may be war -
ranted (e.g. CVP monitoring), and referral to a secondary or 
tertiary care facility may be advisable. If acute resuscitative 
fluid therapy is ineffective, or less effective than expected, 
complicating factors should be taken into consideration 
(e.g. ongoing haemorrhage, systolic dysfunction, vasodila-
tation or endocrine problems such as CIRCI; see above).

Hypotensive resuscitation
Experimental animal models have shown increased mor-
tality when early, aggressive fluid resuscitation is used in 

cases of uncontrolled haemorrhage. Fluid resuscitation 
may cause changes in blood viscosity, dilution of clotting 
factors, or mechanical disruption of clots, all of which 
could exacerbate haemorrhage. Limited clinical studies in 
humans suggest that hypotensive resuscitation (i.e. delib -
erately targeting a lower MAP (e.g. 60 mmHg) until haem-
orrhage has been fully controlled (‘damage control’)) may 
be beneficial in severe trauma, but the concept remains 
controversial. In any case, this approach should only be 
taken if definitive steps towards controlling the source of 
haemorrhage are being taken simultaneously with the 
hypotensive resuscitation. Due to the fact that, for prac-
tical reasons, veterinary patients may not receive definitive 
management of haemorrhage immediately (as is the case 
with humans), this approach has to be viewed sceptically. 
No veterinary studies have been performed. Hypotensive 
resuscitation is contraindicated in cases of traumatic brain 
injury (discussed below).

Pulmonary contusions
Animals that have sustained blunt trauma are frequently 
presented with pulmonary contusions in combination  
with other injuries that result in shock. In these cases, 
increased vascular permeability within the pulmonary 
parenchyma predisposes the patient to worsening pulmo -
nary oedema when intravenous fluids are administered. 
This exacerbation of pulmonary oedema by volume resus -
citation means that cautious use of fluids is important. 
Crystalloid fluids will be redistributed into the pulmonary 
interstitium, and the resulting increased lung water further 
compromises oxygen exchange. The use of hypertonic 
saline and colloids has therefore been recommended by 
some authors to provide comparative resuscitation with 
lower volumes of fluid. However, these types of fluid do not 
necessarily prevent accumulation of fluid in the interstitium 
of the lung, and there is no evidence that this is a superior 
resuscitation strategy.

Clinical management of these patients can be difficult. 
Resuscitation with small aliquots of fluid is recommended, 
with close observation to ensure that fluid rates are 
tapered as soon as resuscitation endpoints are met. 
Transfusion of blood products may be better tolerated 
than other types of fluid. Oxygen supplementation and 
ongoing monitoring of oxygenation during resuscitation 
are essential. Use of catecholamines such as dopamine 
may be considered for cardiovascular support earlier  
during resuscitation, if fluid administration must be limited 
or curtailed. Mechanical ventilation is indicated if haemo -
dynamic stability cannot be achieved without compromis -
ing lung function.

Traumatic brain injury
There is good evidence from human medicine that even 
short periods of hypotension can greatly increase mortal -
ity from traumatic brain injury. Hypotension causes de -
creased cerebral perfusion pressure, which potentiates 
secondary brain injury. Historically, fluid therapy was with -
held from patients presenting with head injury and con -
current shock in the belief that it would worsen cerebral 
oedema. However, in light of new evidence, current 
recommen dations are for aggressive fluid resuscitation in 
this patient population.

Much debate remains as to the ideal choice of fluid for 
initial resuscitation. There is increasing interest in human 
medicine in the beneficial effects of hypertonic saline for 
traumatic brain injury. Hypertonic saline has been shown 
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to reduce intracranial pressure and to decrease neuronal 
excitotoxicity. Although to date there is insufficient evi -
dence to recommend its use as a sole agent to reduce 
intracranial pressure, this remains an area of active 
research. Hypertonic saline also provides rapid intravas-
cular volume resuscitation at low fluid volumes. Its com -
bined volume-expanding and neuroprotective properties 
theoretically make it a good first choice fluid for resuscita -
tion in patients with traumatic brain injury. It should be 
kept in mind that hypertonic saline is a crystalloid solution 
that will redistribute rapidly, thus ongoing intravascular 
monitoring and support must be provided, and concurrent 
use of isotonic crystalloids or colloids may be considered 
in an effort to maintain the otherwise transient gains in 
intravascular volume.

Monitoring shock resuscitation
Each patient in shock responds to treatment differently, 
and given the life-threatening nature of this condition it is 
essential to assess the response and to determine 
whether adequate treatment has been provided. There is 
much controversy in human and veterinary medicine over 
the ‘endpoints of resuscitation’ that should be targeted for 
optimal outcome, and this is an area of active research. 
Even after normalization of vital signs and global haemo -
dynamic parameters, such as arterial blood pressure and 
heart rate, patients may have ongoing tissue hypoxia  
and remain in a compensated state of shock or ‘cryptic 
shock.’ In other words, macrohaemodynamic stabilization 
does not always mean that tissue dysoxia has been 
resolved because microhaemodynamics are often persis -
tently abnormal even after global haemodynamic variables 
have normalized.

Basic monitoring
Physical examination
The major body system assessment should be repeated at 
regular intervals during resuscitation, and frequently there -
after (see above and Chapter 1). Typically, patient examin-
ation is repeated at least every 15–30 minutes during initial 
stabilization, then at least every 4 hours. Normal menta -
tion, respiratory rate and effort, heart rate, pulse quality, 
temperature of the extremities and rectal temperature 
should be targeted.

Arterial blood pressure
Decreased cardiac output in circulatory shock often, but 
not always, results in hypotension. Arterial blood pres -
sure is the product of cardiac output and systemic vascu -
lar resistance. It is important to note that arterial blood 
pressure within the normal range does not necessarily 
equate to adequate tissue blood flow and tissue perfu -
sion. If systemic vascular resistance is increased due  
to compensation, pain or for other reasons, arterial  
blood pressure may be normal or high (less commonly) in 
the face of mildly to moderately reduced cardiac output. 
Arterial blood pressure measurement, although useful 
both in initial assessment and for monitoring resus  - 
ci tation, should therefore be interpreted with caution in 
patients with shock and should always be considered  
in combination with heart rate and basic physical  
exam ination parameters of systemic perfusion (such as  

temperature of the extremities). In hypotensive patients, 
normalization of blood pressure within the first hour of 
fluid resuscitation has been correlated with improved out -
comes in veterinary patients (Silverstein et al., 2012).

Arterial blood pressure can be measured directly or 
indirectly. Direct measurement is the gold standard and 
involves placement of an intra -arterial catheter connected 
via a pressure transducer to a monitor that displays the 
arterial waveform and gives continuous pressure readings. 
Placement of arterial catheters requires some technical 
expertise (see Chapter 2), and direct pressure monitoring 
requires equipment that is not routinely available.

Indirect (non-invasive) blood pressure monitoring is 
therefore more commonly used in veterinary medicine. 
Doppler and oscillometric methods are available. In both 
methods a cuff is applied around an extremity, usually the 
distal limb over the radial or dorsal pedal artery. A cuff 
width of approximately 40% of the circumference of the 
extremity is used. If the cuff is too wide, readings will be 
falsely low, and if it is too narrow, readings will be falsely 
high. If using the Doppler method, the area is clipped and 
coupling gel is applied with the flow detector crystal 
placed over the artery. The cuff is then inflated until it 
occludes arterial blood flow. The air in the cuff is slowly 
released while the reading on the sphygmomanometer is 
observed gradually decreasing; the reading at which the 
signal is first audible is widely accepted to represent SAP. 
Doppler blood pressure measurement is useful in patients 
of any size, but particularly cats and small dogs, and in 
patients with arrhythmias. Limitations of this method are 
that mean and diastolic arterial pressures are difficult to 
measure reliably.

With the oscillometric method, the cuff is inflated and 
deflated by a machine that detects oscillatory pressure 
changes in the cuff caused during pulsation of the under-
lying artery as the cuff is deflated. Systolic, diastolic and 
mean pressures are reported, with MAP believed to be 
most accurate. Several oscillometric machines have been 
evaluated for use in veterinary medicine, and it is impor -
tant to make sure that the system in use has been appro -
priately validated. For example, some machines are not 
reliable for use with cats. It may be difficult to obtain  
readings with oscillometric machines in patients that are 
tachycardic or have arrhythmias. Some machines have a 
continuous cycling feature, which enables automated 
blood pressure measurements at a frequency that is deter -
mined by the user. This can be useful during resuscitation 
and in unstable patients. Normal blood pressure values in 
dogs and cats are summarized in Figure 3.16. The MAP 
may be calculated using the formula:

�4�(�7���$���+�(�7�������]�����:�(�7���¶���+�(�7����

Where:

DAP = diastolic arterial pressure
MAP = mean arterial pressure
SAP = systolic arterial pressure.

Hypotension is defined as a SAP <80 mmHg or a MAP 
<60 mmHg.

Species Systolic pressure (mmHg) Diastolic pressure (mmHg)

Dogs 110–190 55–110

Cats 120–170 70–120

Normal arterial blood pressure values in dogs and cats.3.16
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Central venous pressure
CVP is the blood pressure in the cranial vena cava near the 
right atrium. It is used to approximate the pressure within 
the right atrium as an estimate of preload (left ventricular 
end-diastolic volume). Placement of a central venous cath -
eter may not be appropriate or practical for all patients  
in shock, but monitoring CVP may be useful both during 
initial resuscitation and in the post -resuscitative period, 
particularly in patients at risk of fluid overload (e.g. with 
cardiac disease or oligoanuric renal failure).

Placement of a central venous catheter is described in 
Chapter 2, and interpretation of changes in response to fluid 
resuscitation is described in Chapter 4. Briefly, volume res-
ponsiveness can be inferred if rapid administration of  
a 20 ml/kg crystalloid (or 5 ml/kg colloid) fluid bolus to a 
hypovolaemic patient causes the CVP to increase minimally 
(e.g. by 0–2 mmHg) with a subsequent rapid return to the 
baseline (within 10 minutes). In addition, other monitoring 
parameters should indicate improved perfusion, suggesting 
volume responsiveness. The ‘test’ bolus should be adminis -
tered very quickly to prevent the venous system accommo -
dating the volume and hence blunting the CVP response.  
If the bolus causes the CVP to increase by more than  
2 mmHg and it stays elevated without any further evidence 
to indicate improved perfusion, this suggests that the 
patient is not volume responsive. If the CVP increases by 
more than 4 mmHg, or if it takes more than 30 minutes to 
return to normal, this could suggest decreased cardiac 
function or increased vascular volume, in which case addi -
tional fluids may be detrimental.

Lactate clearance
In humans, serial lactate measurements with analysis of the 
percentage decrease in lactate over time has been found 
useful in predicting outcome. Recent studies in veterinary 
medicine show similar results (Stevenson et al., 2007; Green 
et al., 2011). To date, these reports are small and retrospec-
tive, but future studies may provide useful information to 
guide treatment and prognosis. Current expert opinion in 
combination with the strong evidence that lactate clearance 
is highly important suggests to aim to reduce lactate con -
centration by 50% within 1–2 hours (Rosenstein, 2014). 

Urine output
In patients with shock, hypoperfusion of the kidneys 
reduces the glomerular filtration rate, resulting in de -
creased urine output. Measurement of urine output can 
therefore be useful to guide fluid resuscitation in these 
patients. This is most accurately performed by placing an 
indwelling urinary catheter with a closed collection system 
and measuring output every 2–4 hours. Urine production 
>0.5 ml/kg/h is targeted (see above). Interpretation of urine 
output may be complicated by the presence of acute  
kidney injury (resulting in polyuria or oliguria) or by comor-
bidities causing polyuria, such as diabetes mellitus. Where 
confounding factors are suspected further diagnostic tests 
are warranted such as measurement of urine specific  
gravity, urinalysis and sediment examination.

ECG monitoring
Continuous ECG monitoring is a useful tool in any patient 
with shock, regardless of the underlying cause. Cardiac 
dysrhythmias should initially be ruled out as a cause of 
shock, but may develop as a sequela of shock both during 
and in the hours following resuscitation.

Prognosis for shock
The prognosis for shock depends upon the underlying 
cause and the stage of the clinical syndrome. Many of 
these patients sustain multiple ‘hits’ that contribute to a dif -
ficult recovery and poorer prognosis (e.g. the initial insult, 
shock, ischaemia-reperfusion injury, infection, anaesthesia, 
surgery). Overall, these patients can be extremely reward-
ing to treat; however, intensive care and monitoring is 
required. Admission to the hospital is always recom -
mended; if intensive and 24-hour care cannot be offered, 
referral should be considered.
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Fluid therapy

Amanda Boag and Dez Hughes

Fluid therapy is part of the treatment plan in most critically 
ill animals. In some patients fluid therapy is used acutely to 
treat absolute or relative intravascular volume deficits over 
a period of minutes to hours. Alternatively, fluid therapy 
may be used on a more chronic basis, during treatment of 
the haemodynamically stable patient, to re-establish and 
maintain normal water, electrolyte and acid–base balance 
over a period of several days. The precise type, rate and 
total volume of fluid to be administered for optimal man -
agement of a patient can be difficult to determine, espe -
cially at the beginning of treatment, and fluid therapy plans 
may need to be altered depending on the patient’s 
response and the progression of the disease. 

Unfortunately, there are no ‘recipes’ that can be fol -
lowed that will guarantee a successful outcome. Good fluid 
management comes from understanding why the patient 
requires fluid therapy, and considering both the goals of 
fluid administration in that patient and the advantages and 
disadvantages of the different fluid types in achieving those 
goals. Goal-directed fluid therapy, where the volume of  
fluids administered is decided upon on the basis of achiev-
ing specific measurable endpoints, is now widely consid -
ered to be best practice (Rhodes et al ., 2017). In assessing 
the fluid therapy requirements of an animal, it is extremely 
important to separate those patients requiring life-saving 
intravascular volume expansion from those requiring a 
more gradual correction, or maintenance, of fluid and  
electrolyte balance. Central to this goal is an appreciation 
of the difference between hypoperfusion and dehydration.

Hypoperfusion refers to a local or generalized deficit  
in tissue blood flow, which results in inadequate oxygen 
and nutrient delivery and failure to remove metabolic by-
products from the tissues. Global hypoperfusion can 
occur due to hypovolaemia (a reduction in the effective  
circulating intravascular volume), reduced cardiac function, 
maldistribution of blood flow such as that seen in the sys -
temic inflammatory response syndrome (SIRS), or physical 
obstruction to blood flow if it occurs close to the heart (see 
Chapter 3). Hypovolaemia is the most common cause of 
hypoperfusion. Common causes of hypovolaemia include: 
haemorrhage; extracellular fluid losses in excess of fluid 
and solute intake, such as vomiting, diarrhoea and poly -
uria; and internal losses of plasma volume due to exuda -
tion or transudation of fluid from the intravascular space 
(‘third-spacing’). Most animals with SIRS and some  
animals with cardiogenic shock also have concurrent 
reductions in effective circulating intravascular volume.

Dehydration is strictly defined as a net reduction in  
the free water content of the body; however, in veterinary 

patients the term is most often used to refer to combined 
water and solute loss in excess of intake. Dehydration may 
ultimately lead to hypovolaemia and hypoperfusion 
depending upon the volume and nature of the fluid that is 
lost; however, the terms are not synonymous.

Understanding whether fluid therapy is being used to 
treat a perfusion abnormality, a hydration abnormality, a 
combination of the two, or to prevent development of one or 
both of these is crucial to providing good fluid therapy. Both 
perfusion and hydration abnormalities are initially evaluated 
using the physical examination. Unfortunately, the para-
meters used for assessment of hydration status (moisture of 
the mucous membranes, skin turgor, presence or absence 
of retraction of the globe) are often combined with those 
used to assess perfusion (heart rate, pulse quality, mucous 
membrane colour and capillary refill time). This combination 
of hydration and perfusion para  meters has compounded 
the confusion between the terms and should be avoided.

To illustrate the difference, consider a dog hit by a car  
1 hour previously, which has suffered a fractured spleen 
and bled half of its blood volume into its peritoneal cavity. 
This animal would have no net change in the water content 
of its body and no physical examination findings suggestive 
of dehydration; however, it would be severely hypovolae -
mic. In contrast, the geriatric cat with anorexia, hypodipsia 
and chronic renal failure, with prolonged net water loss in 
excess of intake, may be severely dehydrated but often has 
surprisingly good perfusion status. The former animal 
would require rapid intravascular volume replacement to 
re-expand effective blood volume and thereby preserve 
perfusion to the major body systems. In the latter animal, in 
which perfusion of major organs is adequate, more con -
servative fluid therapy would be appropriate with a goal of 
re-establishing normal fluid and electrolyte balance over 
24–48 hours. A clear understanding of the distinction 
between dehydration and hypovolaemia and the clinical 
assessment of both conditions is therefore necessary to 
ensure appropriate fluid therapy.

�,�_�[�Y�H�J�L�S�S�\�S�H�Y���Å�\�P�K���O�V�T�L�V�Z�[�H�Z�P�Z��
�¶���W�O�`�Z�P�V�S�V�N�`���Y�L�]�P�L�^
To understand the choice of intravenous fluids, it is neces -
sary to appreciate how fluids are normally distributed 
within the body and the factors that control movement of  
fluid between different compartments. Three major fluid  

Ch04 Emergency.indd   29 22/02/2018   15:22



BSAVA Manual of Canine and Feline Emergency and Critical Care

30

compartments make up the total body water: the intra -
cellular fluid; the interstitial fluid between cells; and the 
intravascular fluid (Figure 4.1). Together the intravascular 
and interstitial fluids comprise the extracellular fluid com -
partment. Total body water is approximately 60% of total 
bodyweight; however, this may vary depending upon such 
factors as the species, the age of the animal and the body 
composition (mainly the fat content). Movement of fluid 
between compartments depends upon the permeability of 
the relevant barrier and the concentration of molecules 
contained within each compartment. Importantly, the cap -
illary endo thelium is freely permeable to water and electro -
lytes, whereas the cell membrane is freely permeable only 
to water. Movement of water across the cell membrane 
depends upon the relative concentration of solute mole -
cules within cells compared with the concentration around 
the cell. Net movement of water will occur by osmosis into 
an area with a higher concentration of solute molecules; 
this has important implications in disease (see Figures 4.2 
and 4.3).

of renal afferent arterioles stimulate renin release from 
the juxtaglomerular cells. Renin activates angiotensin -
ogen to angio tensin I, which is then converted to angio -
tensin II. Sodium and water reabsorption is increased by 
angiotensin II in the proximal tubule and angiotensin 
II-mediated aldo  sterone release promotes distal tubular 
sodium reabsorption.

The feedback loops controlling extracellular volume and 
osmolality overlap as they can both cause ADH release and 
thirst. During hypovolaemia, the renin–angiotensin–aldo - 
 s terone system, ADH and thirst act to increase retention of 
sodium and water and to expand extracellular volume. In 
summary, the concentration  of the extracellular fluid is  
controlled primarily via modulation of water balance, 
whereas the volume of the extracellular fluid is regulated by 
changes in sodium and water balance.

Maintenance of intravascular volume
Adequate intravascular volume is essential for maintaining 
perfusion. As capillaries are relatively (but not completely) 
impermeable to macromolecules, a protein concentration 
gradient exists from the vasculature to the interstitium.  
The higher concentration of impermeant solutes within the 
capillaries exerts an osmotic pressure (termed the capil-
lary colloid osmotic pressure (COP)) which acts to retain 
fluid in the vasculature. Fluid flux out of the vessel is  
predominantly due to hydrostatic forces with lymphatic 
drainage being responsible for removal of fluid from the 
interstitium. The role of intravascular and interstitial  
COP in transvascular fluid flows are much less important 
than previously thought. Although the microvascular  
barrier greatly restricts macromolecular flux, capillaries 
are slightly permeable to protein. Of the total quantity of 
albumin present in the body, 40% is intravascular and 
60% is extravascular. Furthermore, all the albumin present 
in plasma circulates through the interstitium every 24 
hours. It is important to note that the permeability of  
the microvascular barrier varies between tissues. For 
example, the microvascular barrier of skeletal muscle or 
subcutaneous tissue is relatively impermeable to protein, 
whereas the pulmonary capillary endothelium is more  
permeable. Different plasma proteins or artificial colloid 
molecules will differ in their rate of efflux from a vessel 
depending upon such factors as their molecular radius, 
shape and charge. Smaller plasma proteins, such as albu -
min, can pass through with less impedance than larger 
plasma proteins. In healthy animals, the hydrostatic and 
osmotic pressure gradients governing transvascular fluid 
flux and the permeability of the microvascular barrier can 
vary between different tissues and at different levels of 
the capillary bed within the same tissue; these may vary 
even further with different disease states.

By virtue of its relatively high concentration in the vas -
cular space, albumin usually accounts for 80% of the 
plasma COP, with globulins making up the remainder. 
Albumin synthesis, which is unique to the liver, is regulated 
by the hepatic plasma COP. Equations have been calcu -
lated to estimate plasma COP from plasma protein con -
centrations; however, direct measurement, using a colloid 
osmometer, is more accurate. Normal COP in dogs is 
approximately 16–24 mmHg.

Excess fluid in the interstitium (oedema) can have detri-
mental consequences, the exact nature of which depends 
on the anatomical site. Two major mechanisms guard 
against interstitial fluid accumulation. First, extravasation of 
fluid into a relatively non-distensible interstitium results in 
an increased interstitial pressure, which thereby opposes 

Intravascular
(5%)

Interstitial
(15%)

Intracellular
(40%)

���‘�†�›���ª�—�‹�†
compartments

Extracellular (intravascular
+ interstitial) (20%)

���ƒ�Œ�‘�”���ª�—�‹�†���…�‘�•�’�ƒ�”�–�•�‡�•�–�•���‘�ˆ���–�Š�‡���„�‘�†�›�����¨���‘�ˆ���„�‘�†�›�™�‡�‹�‰�Š�–���ä4.1

Control of extracellular volume and 
concentration
Extracellular fluid homeostasis in the normal animal is con -
trolled by two distinct, but intertwined, feedback loops. 
One system acts to maintain the concentration, or osmol -
ality, of the body and one regulates the volume of the 
extracellular fluid. It is important to remember that no dis -
tinction is made between intravascular fluid and interstitial 
fluid because the capillary membrane is extremely perme -
able to water and small solutes.

Osmolality is controlled by hypothalamic osmorecep -
tors that stimulate thirst and the release of antidiuretic hor -
mone (ADH) from the neurohypophysis. If net water loss 
from the body exceeds net water gain, plasma osmolality 
will rise and hypothalamic osmoreceptors then stimulate 
thirst and release of ADH. The augmented water intake 
and increased reabsorption of water by the kidney com -
bine to decrease plasma osmolality towards normal. 
Fluctuations in plasma osmolality necessary to stimulate 
thirst and ADH release are very small (approximately  
4 mOsm/kg in the dog, i.e. an increase in plasma sodium 
concentration of only 2 mmol/l).

Extracellular volume is primarily dependent upon total 
body sodium content, controlled by the renin–angiotensin–
aldosterone system and modulated by the natriuretic  
peptides. Sympathetic discharge and decrease in stretch  
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further extravasation. Second, because the interstitium is 
not compliant, increased interstitial fluid results in an 
increased driving pressure for lymphatic drainage, which is 
the major mechanism by which interstitial fluid is drained. 
These alterations in Starling forces, which act to limit inter -
stitial fluid accumulation, have been termed the ‘tissue 
safety factors’. Their relative importance varies depending 
upon the characteristics of the tissue. In a relatively non-
distensible tissue such as tendon, a rise in interstitial pres -
sure may be the most important means by which to 
counteract filtration. In a tissue with moderate distensibility 
and a relatively impermeable microvascular barrier, such as 
skin, the fall in interstitial COP assumes more importance in 
protecting against interstitial fluid accumulation. In a dis -
tensible tissue that is quite perme  able to protein, such as 
the lung, increased lymph flow appears to be the most 
important safeguard against interstitial oedema.

Because of this marked heterogeneity in Starling forces 
and transvascular fluid dynamics between tissues, it is a 
potentially dangerous oversimplification to view the body 
as the homogenous sum of its individual parts. A great deal 
of emphasis has been placed on the manipulation of indi -
vidual Starling forces in isolation, such as the intravascular 
COP with the use of colloid fluids, rather than addressing 
the system in its entirety. The effects of this manipulation 
on different tissues and organ systems should be carefully 
considered, especially if microvascular permeability is likely 
to be altered. The role of the endothelial glycocalyx (the 
layer of membrane-bound proteoglycans and glycoproteins 
on the luminal side of the endothelial cells) is an area of 
active research, and a better understanding of how it 
behaves in health and in disease will further improve our 
ability to tailor fluid therapy to specific patients and has 
radically changed our understanding of transvascular fluid 
flux (Woodcock and Woodcock, 2012; Ushiyama et al ., 
2016). If a COP gradient cannot be maintained between the 
intravascular and interstitial spaces then the capillary 
hydrostatic pressure becomes the major deter  minant of 
fluid extravasation. Smaller rises in capillary hydrostatic 
pressure will result in much greater fluid extravasation than 
when the endothelium remains intact. From a clinical 
standpoint, the differences between transvascular fluid flux 
in the lungs compared with the systemic circulation are the 
most important.

Maintenance of arterial blood pressure
With acute or severe reductions in effective circulating 
blood volume, the body reacts to maintain arterial blood 
pressure and effective circulating blood volume to the 
heart, lungs and brain. With mild to moderate degrees of 
hypovolaemia, baroreceptor reflexes initiate sympathetic 
discharge, causing an increase in heart rate and cardiac 
contractility and, to a lesser degree, vasoconstriction. This 
is the so-called ‘compensatory’ or ‘hyperdynamic’ phase 
of hypovolaemia, when mean arterial blood pressure is 
maintained. After moderate reductions in blood volume, 
cardiac compensatory mechanisms are insufficient but 
vasoconstriction in the peripheral and splanchnic circu -
lation increases to maintain arterial blood pressure; 
although there is partial compensation with maintenance 
of blood flow to vital organs, this stage of moderate hypo -
volaemia is associated with poor perfusion to some 
organs, notably the gastrointestinal (GI) tract. Ultimately, 
after severe reductions in blood volume, despite a maxi -
mum response from counter-regulatory mechanisms, pro -
gressively falling blood volume results in a fall in arterial 
blood pressure, the so-called ‘decompensatory’ or ‘hypo -
dynamic’ phase of hypovolaemia.

�7�H�[�O�V�W�O�`�Z�P�V�S�V�N�`���V�M���H�I�U�V�Y�T�H�S��
�Å�\�P�K���S�V�Z�Z�L�Z
In a normal animal, fluid is lost in urine and faeces and via 
evaporation from the respiratory tract. Abnormal losses 
include vomiting and diarrhoea, polyuria, increased body 
temperature and panting, bleeding, wound exudation, loss 
from chest or abdominal drainage tubes, and loss into the 
interstitium or body cavities (often called ‘third-spacing’). 
The effect of fluid loss on intravascular volume depends 
upon the magnitude of the loss, and on the water shifts  
that occur between the extra- and intracellular spaces as a 
result of changes in extracellular fluid concentration. These 
water shifts depend upon the tonicity (concentration) of  
the extracellular fluid lost relative to the intracellular fluid.

Loss of pure water or hypotonic fluid causes the extra -
cellular fluid to become more concentrated compared with 
the intracellular space. Water moves out of cells, thereby 
supporting extracellular (and therefore intravascular)  
volume (Figure 4.2). This type of fluid loss is uncommon 
but occurs, for example, in animals that produce large  
volumes of hyposthenuric urine because of diabetes insipi -
dus. The fluid loss is distributed over the total body water 
and intravascular depletion is a small proportion of the 
total loss. With loss of isotonic fluid (for example, with 
bleeding or in animals with surface losses through burn  
or bite wounds) no water movements occur because there 
is no change in extracellular concentration to create an 
osmotic gradient.
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With hypertonic fluid loss, the extracellular space be-
comes hypotonic relative to the intracellular space and water 
moves into cells, exacerbating the extracellular fluid deficit 
and hypovolaemia (Figure 4.3). The very acute and severe 
haemoconcentration and hypovolaemia seen in haemor-
rhagic gastroenteritis in dogs is an example of hyper  tonic 
fluid loss, ostensibly due to a secretory diarrhoea.

To illustrate the effects of fluid loss on intravascular  
volume status, consider a dog with dehydration due to 
water restriction alone. Dehydration of 12% of body -
weight would imply a free water deficit of 120 ml/kg. As 
water moves freely across cell membranes, this loss 
would be shared equally between the intravascular, inter -
stitial and intra  cellular fluid compartments. Assuming  
that the free water deficit is distributed between these 
compartments on the basis of their relative size (i.e. 1:3:8 
or 5, 15 and 40% of bodyweight, respectively; see Figure 
4.1), one twelfth of the fluid loss would be borne by the 
intravascular compartment. This would result in a de-
crease in intravascular volume of approximately 10 ml/kg, 
an amount comparable with the volume of blood normally 
removed from a canine blood donor, usually with few  
or no untoward effects. Conversely, with loss solely from 
the intravascular space, i.e. haemorrhage, loss of 5% of 
bodyweight (i.e. 50 ml/kg or more than 50% of the blood 
volume) would result in clinical signs of severe hypo  - 
volaemia.

�(�W�W�Y�V�H�J�O���[�V���Å�\�P�K���[�O�L�Y�H�W�`���P�U���[�O�L��
�J�S�P�U�P�J�H�S���W�H�[�P�L�U�[
The approach to fluid therapy suggested by DiBartola  
and Bateman (2012) is helpful when deciding upon a fluid 
therapy plan.

• Does the animal require fluid therapy?
• What type or types of fluid should be given?
• Which route should be used?
• How much should be given?
• Over what time period should it be administered?
• For how long should therapy be continued?

Careful consideration of the first question with critical 
evaluation of whether the animal requires fluid therapy to 
treat hypoperfusion, to treat dehydration, or for main -
tenance purposes (or some combination of those three) will 
allow the subsequent questions to be answered and the 
fluid therapy plan to be tailored to that patient’s needs. As 
hypoperfusion represents an imminently life-threatening 
situation for the patient, abnormalities of perfusion should 
always be corrected prior to considering the longer-term 
fluid requirements.

�+�V�L�Z���[�O�L���H�U�P�T�H�S���Y�L�X�\�P�Y�L���Å�\�P�K��
therapy?
Clinical assessment of perfusion status
The perfusion status of the animal should be assessed 
using mucous membrane colour, capillary refill time (CRT) 
and vigour, pulse profile (height and width), and heart rate 
and cardiac auscultation. In uncomplicated hypovolaemia 
in dogs, the clinical perfusion parameters tend to change 
in a relatively predictable manner (Figure 4.4). A normal 
animal should have pink mucous membranes with a vig -
orous capillary refill, which takes 1–1.75 seconds. A  
2 second CRT is often prolonged in the setting of a veter -
inary clinic. Pulses (femoral and metatarsal) should be 
carefully palpated to allow assessment of both the height 
or amplitude (to estimate pulse pressure) and the width or 
duration of the pulse. Assessment of both the height  
and width of the pulse allows estimation of pulse volume 
and, with careful palpation, a perceptive clinician can 
generate a mental image of the pulse profile (Figure 4.5). 
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4.3

Clinical sign Mild 
(compensatory)

Moderate Severe 
(decompensatory)
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Lactate
Tissue hypoperfusion results in increased lactate produc -
tion and decreased removal of lactate, and blood lactate 
concentration can be used to assess the severity of hypo  - 
 volaemia. The reference value for plasma lactate con - 
centration in normal dogs by direct amperometry is <2.5 
mmol/l, irrespective of sample site. A blood lactate concen -
tration in the range of 3–4 mmol/l constitutes a mild 
increase, 4–7 mmol/l is a moderate increase and >7 mmol/l 
represents a severe increase. Clinical experience suggests 
that lactate concentration accurately reflects the degree of 
uncomplicated hypovolaemia in dogs. Furthermore, plasma 
lactate concentrations almost invariably fall with successful 
fluid resuscitation and can be used to guide fluid therapy. 
Failure of plasma lactate concentration to normalize follow-
ing fluid resuscitation suggests ongoing systemic hypoper -
fusion or an occult source of lactate production. Lactate can 
also be used as a prognostic indicator. In one of the land -
mark studies in humans, as lactate concentration increased 
from 2.1 to 8.0 mmol/l, survival decreased from 90% to 
10%. There is an increasing body of clinical data suggesting 
that lactate is similarly associated with prog  nosis in dogs 
(Ateca et al., 2015; Cortellini et al., 2015). If plasma lactate 
concentration fails to fall following an appropriate fluid chal -
lenge, or if a significant and sustained rise in plasma lactate 
concentration occurs, the prognosis for survival appears to 
be poor. Lactate also increases with hypoperfusion in cats, 
although the increase may not be as significant as in dogs 
with a similar severity of disease and the association with 
prognosis is less clear (Reineke et al., 2015).

Clinical assessment of hydration status
The widely accepted method for determining hydration  
status involves assessing the moisture of the gums and 
cornea, skin turgor, presence or absence of retraction of 
the globe, and perfusion parameters (Figure 4.6). Dryness 
of the mucous membranes alone is said to reflect dehydra -
tion equivalent to 5% of the bodyweight, and >12% dehy -
dration may represent a fluid loss sufficient to cause  
overt signs of mild to moderate hypovolaemic shock. 
Interestingly, there is little or no scientific evidence support -
ing this. When one considers the variable effect on intra -
vascular volume, which depends upon the tonicity of fluid 
losses and the compartments from which the loss occurs, 
it is apparent that this scheme allows only a rough approxi -
mation of fluid deficits. Bodyweight represents the only 
easily available, reasonably accurate way of assessing the 
severity of dehydration, but is rarely relevant immediately 
following admission as few patients have a known accurate 
bodyweight from the time immediately before their illness 
started. Bodyweight can, however, be used as a monitoring 
tool; dehydrated patients should gain weight following 
appropriate fluid therapy.

(a) Normal pulse (b) Hyperdynamic 
 pulse

(c) Weak 
 pulse
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4.5

An awareness of the normal pulse profile facilitates a 
meaningful assessment of changes in pulse profile in sick 
patients. A normovolaemic animal that is stressed or in 
pain will have a slightly taller and narrower pulse profile 
than a resting animal. The vast majority of unstressed 
dogs have a heart rate of 80–120 beats per minute (bpm) 
in the setting of an emergency clinic, which is unrelated 
to the dog’s bodyweight (Ferasin, Ferasin and Little, 
2010).

Clinical assessment of perfusion in cats is more  
challenging. Normal heart rate in cats usually varies from 
170–200 bpm in the veterinary clinic, although this prob -
ably represents a moderate tachycardia compared with 
resting heart rate at home. Mucous membranes in normal 
cats are significantly paler than in dogs and, although it is 
possible, it is much more difficult to appreciate the pulse 
profile in a cat. Critically ill feline patients also tend  
to develop an inappropriate bradycardia (heart rate in the 
130–150 bpm range) despite the presence of hypovol -
aemic or distributive shock, further complicating their 
assessment (Brady et al., 2000).

In the compensatory stages of uncomplicated hypovol -
aemia, dogs develop a moderate tachycardia of 130–150 
bpm. This increase in rate along with the reduced blood 
volume and increase in cardiac contractility produces a 
pulse that is narrower and taller than normal (Figure 4.5b). 
This pulse will also be narrower than the pulse profile of a 
normovolaemic dog with tachycardia secondary to stress/
exercise or pain. This pulse profile is often referred to as 
‘bounding’ or ‘snappy’, but these terms often serve to con -
fuse rather than clarify. In compensatory hypovolaemia, 
metatarsal pulses should still be palpable. Mucous mem -
branes should be pink to pinker than normal with a rapid 
CRT of less than 1 second duration.

The increases in heart rate seen in dogs with hypovol -
aemia are surprisingly independent of bodyweight, such 
that severe hypovolaemia results in a heart rate of 170 to 
220 bpm regardless of size. Heart rates in excess of this 
range should raise suspicions of a primary dysrhythmia 
rather than a physiological sinus tachycardia in response 
to hypovolaemia. Heart sounds are sometimes quiet 
when there is severe hypovolaemia. Mucous membranes 
have little or no red coloration (white, muddy or grey) and 
the CRT is prolonged or absent. Femoral pulses are 
extremely weak (Figure 4.5c) (sometimes referred to as 
‘thready’) and metatarsal pulses are not palpable. While 
clinically assessing perfusion, the findings should be 
continually cross-referenced. For example, in a recum -
bent patient with very weak femoral pulses, pale mucous 
membranes and a prolonged CRT, the heart rate should 
be approximately 180–220 bpm. An inappropriately low 
heart rate should prompt a search for the underlying  
reason, such as hyperkalaemia associated with post -
renal, renal or endocrine causes.

Clinical signs Dehydration estimate  
(% of bodyweight)
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The classic scheme will tend to underestimate losses 
when free water is lost in excess of solute and to overesti -
mate losses of hypertonic fluid. A clinical study performed 
over 30 years ago (Hardy and Osborne, 1979) found that 
the clinical signs of dehydration due to free water loss 
were extremely unpredictable. Of the 20 dogs that were 
deprived of water for periods ranging from 2 to 4 days, 10 
showed no clinical signs of dehydration and no dogs 
exhibited dry mucous membranes or dry or sunken eyes. 
One dog deprived of water for 4 days lost 16% of its body -
weight, showed no change in skin turgor, had no change  
in its packed cell volume (PCV) and a minimal change in 
total protein concentration.

Despite the limitations of the classic scheme for 
assessing fluid requirements, it nevertheless provides a 
tried and tested starting point on which to base chronic 
fluid replacement therapy. The tendency to underestimate 
replacement requirements in animals with greater free 
water loss may actually be appropriate, because these 
losses tend to be chronic and require more gradual 
replacement. This scheme should not be used when an 
animal is showing signs of hypoperfusion; in that situation 
fluid therapy should be aimed at rapid intravascular  
volume replacement.

�;�`�W�L�Z���V�M���W�H�Y�L�U�[�L�Y�H�S���Å�\�P�K
Fluids should not be regarded as a single entity; rather, they 
are a range of pharmacological products, each with its own 
indications and contraindications, much like the choice of 
antibiotics for different infections or the selection of heart 
medications for different types of heart disease. Knowledge 
of the underlying disease processes and assessment of 
fluid deficits will help to determine the most appropriate 
fluid. There are three main groups of fluids:

• Crystalloids – electrolyte solutions that can pass freely 
out of the vascular space

• Colloids – contain macromolecules that are retained 
within the vascular space for a longer time period than 
crystalloids

• Blood products – covered in more detail in Chapter 14.

Crystalloids
Crystalloid fluids can be hypotonic, isotonic or hypertonic 
(Figure 4.7) compared with extracellular (and therefore 
intracellular) fluid. The tonicity of the solution will determine 
its distribution following intravenous infusion (Figure 4.8).

���ƒ�•�‡���‘�ˆ���ª�—�‹�† ���‡�•�…�”�‹�’�–�‹�‘�•���‘�ˆ���ª�—�‹�†�� 
(in vivo tonicity)

Na+ (mmol/l) K+ (mmol/l) Cl– (mmol/l) Ca2+ (mmol/l) Osmolality 
(mOsm/l)

pH

���ƒ�”�–�•�ƒ�•�•�ï�•�����Ž�ƒ�…�–�ƒ�–�‡�†��
���‹�•�‰�‡�”�ï�•�����•�‘�Ž�—�–�‹�‘�•

���•�‘�–�‘�•�‹�…���”�‡�’�Ž�ƒ�…�‡�•�‡�•�–131 5 111 2 272 �Z�ä�Y

���ƒ���Ž���T�ä�]�¨ ���•�‘�–�‘�•�‹�…���”�‡�’�Ž�ƒ�…�‡�•�‡�•�–150 0 150 0 308 5

���‹�•�‰�‡�”�ï�•���•�‘�Ž�—�–�‹�‘�• ���•�‘�–�‘�•�‹�…���”�‡�’�Ž�ƒ�…�‡�•�‡�•�–147 4 �U�Y�Y�ä�Y �V�ä�V�Y 310 �Y�ä�Y
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�
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���Ž�ƒ�•�•�ƒ�æ�Ž�›�–�‡���� ���ƒ�‹�•�–�‡�•�ƒ�•�…�‡ 40 16 40 �V�ä�Y
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Isotonic solutions
Isotonic replacement crystalloid solutions are the most 
familiar and frequently used fluid group in small animal vet -
erinary medicine. They are tremendously versatile fluids 
and can be used (at different rates) to treat both hypo -
volaemia and dehydration, and to support the patient with 
ongoing losses. The most widely available isotonic re-
placement fluids are normal (0.9%) saline, Ringer’s solu-
tion and Hartmann’s solution (lactated Ringer’s solution). 
When used to treat hypovolaemia, there is no concentra -
tion gradient change between the intracellular and extra -
cellular spaces, therefore water shifts do not occur across 
the cell membrane (Figure 4.8c). Intravascular crystalloid 
equilibrates with the interstitial space, with 20–25% of the 
infused volume remaining within the intravascular space  
1 hour following infusion.

Isotonic replacement crystalloids have an electrolyte 
composition similar to extracellular fluid, with a relatively 
high sodium and low (or zero) potassium concentration (see 
Figure 4.7). Consequently, when used for longer-term fluid 
therapy, there is a tendency for patients to develop hypo -
kalaemia and have a mild increase in their serum sodium. 
Whilst the change in sodium is rarely of clinical significance, 
if the patient has limited intake of potassium from other 
sources (e.g. is anorexic) the decrease in serum potassium 
may be significant. Supplementation of the intravenous  
fluids with potassium should be considered once acute  
volume deficits have been replaced (see Chapter 5).

Alternatively, isotonic maintenance fluids can be used. 
These fluids have an electrolyte composition that more 
closely mimics the electrolytes lost due to insensible 
causes in a healthy animal. As these fluids have a rela-
tively high potassium concentration (see Figure 4.7), they 
must only be used at slow rates (e.g. 2 ml/kg/h). Due to 
their lack of versatility and the small number of patients 
for which their use is indicated, they are rarely used in 
veterinary practice.

Hypertonic saline
Hypertonic saline is most commonly supplied at a concen -
tration of 7.2–7.5%, which, at approximately 2400 mOsm/l, 
is more than eight times the concentration of plasma. A 
dosage of 4–7 ml/kg (dogs) or 2–4 ml/kg (cats) is given over 
2–5 minutes, and produces a haemodynamic response  
similar to that of an isotonic crystalloid dose of 60–90 ml/kg. 
Intravenous infusion of a hypertonic crystalloid creates a  
large osmotic gradient (Figure 4.8d) and water is drawn from 
the interstitial and intracellular compartments, producing a 
rapid expansion of intravascular volume (Figure 4.8e).
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However, as the sodium rapidly diffuses out of the  
vasculature, the effects can begin to wane in as little as 30 
minutes following infusion. To prolong the duration of 
effect, hypertonic saline may be constituted with a colloid.

Hypertonic solutions have been reported to be safe and 
effective for the treatment of hypotension in experimental 
studies in a wide range of species including dogs and cats. 
When compared with crystalloid solutions alone, many 
potential benefits have been demonstrated, including:

• Cardiovascular effects
• Improved cardiac output
• Arteriolar (including coronary) vasodilation
• Possible weak inotropic effect
• Improved cerebral perfusion pressure by increasing 

mean arterial pressure whilst concurrently reducing 
intracranial pressure

• Immunomodulatory effects
• Suppression of neutrophil respiratory burst activity

• Other
• Reduced endothelial swelling
• Reduction in organ damage following resuscitation
• Lower total volume of resuscitation fluid required
• Reduction in time taken for resuscitation.

Clinical indications: Hypertonic saline is extremely useful 
when rapid intravascular volume expansion is required, 
such as the occasional case of severe hypovolaemia when 
death is imminent. It is also useful in large-breed dogs and 
in hypovolaemic animals in which inappropriately small 
intravenous catheters have been placed. Hypertonic saline 
may be the fluid of choice in patients with head trauma 
and hypovolaemia representing the best compromise 
between improving the arterial blood pressure and mini -
mizing the increase in intracranial pressure (i.e. optimizing 
cerebral perfusion pressure).

Contraindications:
Dehydration and hyperosmolality: Animals suffering from 
dehydration do not have a normal reservoir of interstitial 
and intracellular fluid for mobilization following infusion of 
hypertonic saline. Similarly, use of hypertonic saline may 
be contraindicated in animals with hypernatraemia or other 
hyperosmolar states. Administration of hypertonic saline 
may also lead to hypernatraemia, although usually this is 
of no clinical significance unless repeated doses are used 
or the animal has pre-existing electrolyte abnormalities.

Volume overload: Hypertonic resuscitation is sometimes 
referred to as small volume resuscitation. However, this 
should not lead to the mistaken assumption that the 
effects on the cardiovascular system are also small. 
Volume expansion with hypertonic saline is a very rapid 
and aggressive method of fluid resuscitation irrespective 
of the small volume infused. It should be avoided or used 
with extreme caution in patients in which aggressive  
volume expansion would be dangerous, such as patients 
with heart or lung disease.

Ventricular dysrhythmias: Hypertonic saline may cause ven-
tricular dysrhythmias, especially when given rapidly, there -
fore an electrocardiogram should ideally be monitored 
during infusion.

Uncontrolled haemorrhage: Experimental evidence and  
clinical experience support the view that aggressive volume 
expansion in patients with uncontrolled haemorrhage is 
associated with a higher mortality rate. This is probably due 
to an increase in the volume of haemorrhage and loss of  
red blood cells, platelets and clotting factors following 
aggressive volume expansion. However, there are also stud-
ies documenting increased mortality following hypertonic 
saline resuscitation, even after changes in blood pressure 
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and volume of haemorrhage are taken into account. The 
most common situation in which uncontrolled haemorrhage 
is encountered in clinical small animal practice is following 
road traffic accidents. Intra-abdominal haemorrhage and 
pulmonary contusions are the most common sites of bleed -
ing. Notably, pulmonary bleeding appears to be exquisitely 
sensitive to volume expansion. Aggressive fluid resuscita-
tion, such as with hypertonic saline, almost always worsens 
pulmonary bleeding and the authors consider the use of 
hypertonic saline, or any form of aggressive volume expan -
sion, to be contraindicated in this patient population.

Hypotonic solutions
Hypotonic solutions include:

• 5% glucose (D5W)
• 0.18% NaCl + 4% glucose
• 0.45% NaCl.

Although the osmolality of 5% glucose solution is 252 
mOsm/l (and thus in the fluid bag it is close to being iso -
tonic), once administered to the patient, the glucose is  
rapidly taken up by cells and metabolized. Administering 
glucose solutions is therefore tantamount to giving free 
water (i.e. water without associated solute). Free water  
rapidly passes out of the intravascular space and distri -
butes across the total body water, thus it is an ineffective 
intravascular volume expander and should not be used for 
the treatment of hypoperfusion. Furthermore, rapid infu -
sion of hypotonic solutions can cause severe dilution of 
serum electrolytes, especially sodium, and result in acute 
cerebral oedema and death. Although there are rare uses 
for hypotonic fluids (e.g. in patients with severe hyper -
natraemia), their use is contraindicated in most situations.

�(�Y�[�P�Ä�J�P�H�S���J�V�S�S�V�P�K�Z
The theoretical basis for the use of colloids for volume 
expansion, as opposed to crystalloids, is that they are 
retained in the intravascular space to a greater degree than 
crystalloids and are therefore more efficient in maintaining 
intravascular volume. As long as microvascular perme ability 
is normal, colloids will also maintain the intravascular COP 
and the COP gradient between the intravascular and inter -
stitial spaces, thereby reducing the rate of fluid efflux from 
the vasculature. Experimental studies confirm that the ratio 
of colloids:crystalloids needed to achieve a similar volume 
effect is approximately 1:4 (Silverstein et al., 2005). As such, 
they may seem like a logical choice for volume expansion. 
However, they are also associated with a num  -ber of known 
adverse effects as described below. Furthermore, recent 
evidence from human clinical patients suggests that the 
actual volume expansion effect may be much lower  
than anticipated from the experimental studies, with a 
colloid:crystalloid ratio of 1:1 to 1.58. This discrepancy is 
thought to be due to damage to the endo thelial glycocalyx 

that occurs in many critical illnesses. Recent meta-  
analyses in human medicine failed to find any evidence that 
resuscitation with colloids of any type leads to an improve -
ment in mortality and found some evidence that the use of 
hydroxyethyl starch products may be associated with a 
worse outcome (Perel et al., 2013). Specifically relating to 
hydroxyethyl starch solutions, several large randomized 
controlled clinical trials have demonstrated a higher inci -
dence of acute kidney injury, need for renal replacement 
therapy, and number of blood transfusions in patients 
resuscitated with hydroxyethyl starch products as opposed 
to crystalloids (Brunkhorst et al ., 2008; Myburgh et al., 
2012; Perner et al., 2012). Current guidelines for use in 
human critical care such as the Surviving Sepsis Guidelines 
advise against the use of hydroxyethyl starch in sepsis and 
septic shock, as does the European Medicines Agency. 
Although similar studies are not available for small animal 
patients, a high degree of caution is recommended when 
considering colloid use.

�;�`�W�L�Z���V�M���H�Y�[�P�Ä�J�P�H�S���J�V�S�S�V�P�K
There are three common types of artificial colloid: the gela -
tins, the dextrans and the hydroxyethyl starches (Figure 
4.9). Gelatins are produced from mammalian collagen, 
whereas dextrans are prepared from a macromolecular 
polysaccharide produced from bacterial fermentation of 
sucrose. Hydroxyethyl starches are derived from amylo -
pectin (the branched form of plant starch). The parent mix -
tures of macromolecules are separated into fractions 
according to molecular weight. Artificial colloids contain a 
mixture of molecules of varying weights (i.e. are polydis -
perse), with the hydroxyethyl starches having a much wider 
range of molecular weights than dextran 70 or the gelatins. 
Albumin, by comparison, is a monodisperse colloid, with 
molecules that are all the same size (molecular weight 69 
kD, molecular radius 3.5 nm). An average molecular weight 
of 100–300 kD would seem to be ideal, providing the best 
compromise theoretically between colloid osmotic volume 
expansion and duration of action. Mean molecular weights 
of the commonly available colloids are shown in Figure 4.9.

In addition to their weight, hydroxyethyl starches are 
also described by their degree of molar substitution. To 
reduce intravascular hydrolysis of the hydroxyethyl starch 
by amylase, the amylopectin may be hydroxyethylated at 
carbons 2, 3 and 6. The number of hydroxyethyl groups per 
glucose unit is defined as the molar substitution ratio. The 
pattern of substitution varies depending upon the synthetic 
process. Substitution at the carbon 2 position is more 
effective at reducing intravascular hydrolysis than hydroxy -
ethylation at the other positions. Hydroxyethyl starches  
can therefore be described on the basis of their average 
molecular weight, degree of substitution and C2/C6 
hydroxyethylation ratio. These factors can be used to  
predict their intravascular persistence and their potential 
effect on coagulation (see below).
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Type of colloid �	�Ž�—�‹�†���•�ƒ�•�‡ ���‡�ƒ�•���•�‘�Ž�‡�…�—�Ž�ƒ�”���™�‡�‹�‰�Š�–�����•���� ���‡�‰�”�‡�‡���‘�ˆ���•�‘�Ž�ƒ�”���•�—�„�•�–�‹�–�—�–�‹�‘�•COP (mmHg) Na+ (mmol/l)

�
�‡�Ž�ƒ�–�‹�• �
�‡�Ž�‘�ˆ�—�•�‹�•® 35 – ~25 154

���‡�š�–�”�ƒ�• ���‡�š�–�”�ƒ�•���[�T 70 – 62 150

���›�†�”�‘�š�›�‡�–�Š�›�Ž���•�–�ƒ�”�…�Š ���‡�–�ƒ�•�–�ƒ�”�…�Š���Z�¨���‹�•���T�ä�]�¨�����ƒ���Ž450 �T�ä�[ 33 154

���›�†�”�‘�š�›�‡�–�Š�›�Ž���•�–�ƒ�”�…�Š ���‡�•�–�ƒ�•�–�ƒ�”�…�Š���Z�¨���‹�•���T�ä�]�¨�����ƒ���Ž200 �T�ä�Y 36 154

���›�†�”�‘�š�›�‡�–�Š�›�Ž���•�–�ƒ�”�…�Š���‡�–�”�ƒ�•�–�ƒ�”�…�Š
���‘�Ž�—�˜�‡�•®�����Z�¨���‹�•���T�ä�]�¨�����ƒ���Ž��

130 �T�ä�X ~30 154
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The effect (both magnitude and duration of action) of 
colloids may be measured in several ways, including 
assessment of plasma colloid concentrations, plasma 
COP and intravascular volume expansion. These para-
meters do not change in an identical way following infu -
sion of a colloid. The initial volume of intravascular 
expansion is due to the colloid osmotic pressure of the 
infused colloid, which is determined by the number of 
molecules and not their size. Smaller molecules, which 
are responsible for a large part of the COP and intra -
vascular volume expansion, are excreted or extravasated 
within hours. The larger molecules remain in circulation 
and are enzymatically degraded or removed by the mono -
cyte phagocytic system. The rapid initial excretion of 
small, osmotically active molecules, followed by a gradual 
elimination of large molecules, results in an exponential 
decline in intravascular expansion and a narrowing of the 
distribution of molecular weights. Because the larger mol -
ecules persist longer than the smaller ones, the concen -
tration (i.e. the mass per unit volume) will remain high; 
however, as the total number of molecules decreases very 
quickly, the COP will decrease more rapidly. In summary, 
the COP and degree of volume expansion tend to fall 
faster than the plasma concentration of colloid. Studies 
that report the pattern of volume expansion are therefore 
most applicable to the clinical situation.

Many factors influence the volume and duration of 
intravascular expansion associated with artificial colloids, 
including the species of animal, the dosage, the specific 
colloid formulation, the pre-infusion intravascular volume 
status and the microvascular permeability. It should be 
apparent that data from an experimental study in normo -
volaemic human volunteers given twice the usual dose of a 
low molecular weight form of hydroxyethyl starch may 
have little bearing on the effects of hydroxyethyl starch in  
a dog with SIRS that is in hypodynamic septic shock.

It should be noted that gelatins, which have a veter -
inary licence in the UK, have a shorter duration of action 
than the other colloids because of their smaller molecular 
size. Following infusion over a 90 minute period, intravas -
cular expansion with polygeline was only 24% of the 
infused volume. For comparison, on average 20–25% of 
the infused volume of crystalloid remains in the intravas -
cular space 1 hour following infusion. As colloids are most 
commonly used in the most critical patients when it is 
impossible to predict the degree of effect, it is vital that all 
patients are monitored to evaluate the clinical effect of the 
dose and product chosen in the individual patient.

Indications
The popularity of artificial colloids has varied over the 
years and in veterinary medicine, where large-scale ran-
domized controlled clinical trials are not yet available, is 
still largely informed by the individual clinician’s opinion 
and experience. Whilst improvements have been made to 
the safety profile of the hydroxyethyl starch products, par -
ticularly with relation to coagulopathy, the recent evidence 
from human clinical trials, relating to incidence of acute 
kidney injury, is of concern. Further, the evidence relating 
to efficacy, in terms of their volume expansion effects in 
clinical patients, means the rationale for their use is also 
increasingly questionable. Whilst direct extrapolation of 
results between species may not be accurate, when con -
sidering whether to use colloids for the indications dis -
cussed below, it is important clinicians are also aware of 
the potential risks. The authors now very rarely use artifi -
cial colloids in clinical practice.

Volume expansion: In some patients, colloids may be an 
efficient means of intravascular volume expansion. How-
ever due to the concerns over safety, they are generally 
only recommended for use when crystalloid fluids (iso -
tonic or hypertonic) are considered to be insufficient. 
Because the osmotic effect of the colloid macromolecules 
is due to their number rather than their size, if more than 
50% of the molecules leak into the interstitium, then there 
could theoretically be a net reduction in intravascular  
volume and a worsening of interstitial oedema as water 
leaves the intravascular space along with colloid. The 
dilemma therefore becomes the estimation of the increase 
in capillary permeability, i.e. the size of the ‘gaps’ in the 
microvascular barrier.

Hypoproteinaemia: Although colloid fluids may be con -
sidered for use in hypoproteinaemic patients with the aim 
of raising COP, this rationale is no longer sound due to our 
better understanding of the minimal role COP plays in 
transvascular fluid flux. This means that a low plasma COP 
per se does not necessitate colloid therapy in the absence 
of clinical signs such as hypovolaemia or oedema. Indeed, 
humans with a hereditary form of complete albumin defi -
ciency have a plasma COP that is still half of normal due to 
elevated globulin levels, and affected individuals exhibit 
minimal peripheral oedema. There also appear to be no 
serious clinical signs in an autosomal recessive, hereditary 
albumin deficiency reported in rats. In the authors’ clinical 
experience and in experimental studies, animals with 
severe hypoproteinaemia (COP <11 mmHg) may exhibit 
peripheral oedema but rarely develop pulmonary oedema. 
It is more important to diagnose and treat the cause of the 
hypoproteinaemia, rather than to administer palliative col -
loid therapy, which is unlikely to be successful for more 
than a few hours if the underlying cause is not corrected.

Contraindications and side effects
Acute kidney injury: A number of recent studies have doc -
umented a higher incidence of acute kidney injury and need 
for renal replacement therapy in human patients resusci -
tated with artificial colloid fluids (Brunkhorst et al ., 2008; 
Myburgh et al., 2012; Perner et al., 2012). Evidence is emerg-
ing that similar risks exist in our clinical patients (Hayes et 
al., 2016) and the low molecular weight dextrans have been 
reported to cause renal dysfunction in experimental dogs.

Vascular leak states: The balance of current evidence is 
convincing that the use of artificial colloids in vascular leak 
states are associated with higher mortality in people even 
when disease severity has been taken into account. The 
Surviving Sepsis Campaign: International Guidelines for 
Management of Sepsis and Septic Shock: 2016 recommend 
against using hydroxyethyl starches (HESs) for intravascular 
volume replacement in patients with sepsis or septic shock 
(strong recommendation, high quality of evidence). The 
guidelines also suggest using crystalloids over gelatins 
when resuscitating patients with sepsis or septic shock.

The deleterious effects of colloids in vascular leak states 
include: 1) extravasation resulting in interstitial and intra -
cellular accumulation of colloids causing dysfunction; 2) 
interference with cell to cell recognition and adhesion mole -
cules that are especially important in immunity and coagu -
lation; and 3) colloid-induced renal injury.

Coagulopathy: Coagulopathy is one of the most common 
side effects associated with artificial colloids. Deleterious 
effects on coagulation can occur when high molecular 
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weight hydroxyethyl starches or dextran are administered 
at doses above 20 ml/kg/day. Novel colloid solutions such 
as the tetrastarches were designed to reduce these effects 
and may be used at up to 50ml/kg/day. The important 
question is whether these coagulopathies are clinically sig -
nificant. Some studies suggest that clinically significant 
haemorrhage does not occur; however, there is also  
clinical and experimental evidence suggesting occasional 
serious, potentially life-threatening bleeding. This paradox 
means simply that the coagulation abnormalities are  
clinically significant in only some cases. Clinical experi -
ence suggests that bleeding complications are relatively 
uncommon in veterinary patients. The effects on coagula -
tion appear to be directly related to the intravascular con -
centration of artificial colloid and the molecular weight and 
molar substitution of the molecule itself. Higher plasma 
concentrations of colloid may occur following larger 
doses, repeated administration or reduced intravascular 
degradation. Larger colloid molecules have a greater 
effect on coagulation than small molecules. With repeated 
administration, the small molecules are constantly 
excreted and the relative concentration of larger molecules 
increases. This explains why many studies reporting clini -
cally significant bleeding refer to patients who received 
repeated administration over a period of days. The exact 
mechanism of action by which coagulation is affected is 
still not fully understood. The most repeatable findings are 
a reduction in factor VIII and von Willebrand factor (greater 
than expected by dilution alone), weakened clot formation, 
and impairment of platelet function.

Volume overload: Colloids are retained within the vascula -
ture to a greater extent than crystalloids; therefore there is 
a greater likelihood of volume overload with injudicious 
administration. Particular care must be taken in patients 
with concurrent issues making them susceptible to volume 
overload such as cardiac or pulmonary disease or oliguria.

Allergic reactions and reticuloendothelial dysfunction: 
Anaphylactic or anaphylactoid reactions have been re-
ported for dextrans, hydroxyethyl starches and gelatins; 
however, the incidence of serious complications is 
extremely low. Hydroxyethyl starch has been associated 
with pruritus in up to one-third of humans treated with 
long-term infusions. Deposits of hydroxyethyl starch in 
cutaneous nerves and histiocytic skin infiltrates are 
thought to be responsible. Several studies have raised 
concerns regarding the potential effects of plasma sub -
stitutes on reticuloendothelial function. Decreased con -
centrations of the opsonic plasma factor, fibronectin, have 
also been reported. These appear to be most significant 
with the artificial gelatins but have also been noted with 
hydroxyethyl starch.

Interference with clinical biochemistry: The use of 
refractometric total solids (TS) as a convenient and cheap 
way to assess total protein concentrations and estimate 
COP is no longer valid once an artificial colloid has been 
administered. High molecular weight hydroxyethyl starch 
and dextran 70 both yield refractometric TS of 45 g/l. As 
plasma volume is replaced by artificial colloid, theoretically 
the measured refractometric TS should tend towards that 
of the artificial colloid. In clinical patients, administering 
artificial colloid to an animal with an initial TS >45 g/l will 
tend to reduce the measured TS despite the fact that it  
will lead to an increase in COP. However, it is rare that 
administration of artificial colloid will cause a significant 
increase in TS if the initial TS is <45 g/l. Failure to appreciate 

the effect of artificial colloid on refractometric TS can  
lead the clinician to misinterpret a fall in TS as an indica -
tion for more colloid. Because assays for serum colloid 
concentrations are not readily available, therapy with artifi -
cial colloids is best monitored by direct measurement of 
COP using a membrane osmometer.

The intravascular expansion due to colloid infusion 
results in significant dilutional effects. PCV, albumin con -
centration and serum potassium concentration seem  
to be most affected. Serum amylase may be elevated to  
200–250% of normal following administration of hydroxy -
ethyl starch due to complex formation and reduced excre -
tion. Hydroxyethyl starch can also produce predictable  
but potentially misleading results in blood typing and 
cross-matching, due to increased rouleaux formation.

Urine specific gravity (USG) should be interpreted with 
caution following colloid administration. As many of the 
colloid molecules are excreted through the kidneys and as 
USG is a measure of the weight of solutes in urine, the 
USG may increase without representing an increase in 
urine concentrating ability.

Natural colloids
Until recently, albumin has been administered to small  
animal patients only in veterinary transfusion products (see 
Chapter 14). Canine plasma products may be used as  
an initial resuscitative fluid; however, considering the vol -
umes likely to be required, this rarely occurs due to cost. 
Human serum albumin (HSA), obtained from purified 
human plasma, is available commercially and has been 
used in small animal medicine. Canine serum albumin can 
be produced from canine plasma products but is only 
available currently in certain states of the USA and not in 
Europe. Albumin is a monodisperse colloid (i.e. all albumin 
molecules are the same size) with a molecular weight of 
approximately 69 kD and a molecular radius of 3.5 nm. In 
addition to its role in maintaining plasma COP, it is also a 
carrier molecule, with a wide range of substances being 
bound to it in plasma (e.g. bilirubin, fatty acids, metals and 
other ions, hormones and drugs). Albumin supplementa -
tion has been suggested in critically ill people because of 
its numerous important roles, and because serum albumin 
concentration has been shown to be an accurate prog -
nostic indicator. The role of albumin in maintaining the 
selective permeability of the microvascular barrier to  
macromolecules provides another rationale for the prophy -
lactic use of albumin. As albumin is concentrated into the 
glycocalyx, there may be a role for low-dose fresh frozen 
plasma (FFP) in maintaining the selective permeability of 
the microvascular barrier. HSA is currently one of the most 
used colloids in human critical care, although there is no 
clear evidence of a significant benefit over crystalloids 
alone. Use of HSA in small animal clinical patients has 
been described (Trow et al., 2008; Vigano et al., 2010)  
however, as human albumin is not biochemically identical 
to canine albumin there is a risk of both immediate and 
delayed side effects. A fatal hypersensitivity reaction  
has been reported in a healthy dog (Cohn et al., 2007). 
HSA should only be used with great caution when other 
options have been exhausted and with appropriate 
informed owner consent.

Frozen or fresh frozen plasma remains a relatively 
accessible source of canine albumin. When considering its 
use as a volume expander, it must be remembered that as 
the albumin molecule is relatively small, it equilibrates with 
the interstitial space more rapidly and to a greater extent 
than the larger artificial colloids. Thus, relatively large  
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volumes must be given to achieve a sustained increase in 
plasma albumin concentration and intravascular volume. 
The amount of albumin required can be estimated using  
an equation that corrects for the expected volume of distri -
bution across the intravascular and interstitial spaces:

Albumin deficit (g) = (desired albumin (g/l) – patient 
 albumin (g/l)) x (bodyweight (kg) x 0.3)

Therefore, to raise the serum albumin from 15 to 25 g/l 
in a 20 kg dog:

Albumin deficit = (25 – 15) x (20 x 0.3) = 60 g

This would be equivalent to the amount of albumin in  
2 l of plasma or 4 l of fresh whole blood.

�=�V�S�\�T�L�����Y�H�[�L�����K�\�Y�H�[�P�V�U���H�U�K��
�Y�V�\�[�L���V�M���H�K�T�P�U�P�Z�[�Y�H�[�P�V�U���V�M���Å�\�P�K��
therapy
Acute intravenous fluid therapy to replace absolute or  
relative plasma volume deficits in a patient with hypoper -
fusion is a life-saving procedure that must be performed 
over minutes to hours. In contrast, chronic fluid therapy to 
re-establish and maintain normal water, electrolyte and 
acid–base balance is not usually an emergency response 
and is planned and re-evaluated on a daily basis. It is vital 
to separate the doses and rates used for acute volume 
expansion from the rates used for chronic fluid therapy to 
ensure that life-threatening problems are corrected in a 
timely manner. In many situations there is more than one 
fluid type that could be used and the clinician must con -
sider the relative indications and contraindications of each 
fluid in that particular patient.

It is also important to remember that all fluid therapy 
calculations are based on estimates. Successful fluid  
therapy relies on monitoring the patient closely to ensure 
that appropriate goals are being achieved, with adjustment 
of the plan if necessary. Goal-directed fluid therapy, where 
the volume of fluids administered is decided upon on the 
basis of achieving specific measurable endpoints, is now 
widely considered to be best practice (Rhodes et al ., 
2017). For all patients receiving fluid therapy, the clinician 
should ask ‘What do I want the fluids to achieve in this 
patient?’ and ‘Are there contraindications to the use of any 
fluid groups in this patient?’ Once these questions are 
answered, the clinician makes a decision on the initial type 
and dose/rate of fluid to be administered and the para -
meters to be monitored, both to check that the fluids are 
having the required effect and to ensure that no complica -
tions of fluid therapy develop. If the patient is not respond -
ing as expected, the clinician should re-evaluate the fluid 
plan, including both the type and rate of fluids.

�(�J�\�[�L���Å�\�P�K���[�O�L�Y�H�W�`���M�V�Y���[�O�L���H�U�P�T�H�S���^�P�[�O��
perfusion abnormalities
To determine the appropriate fluid dosage, abnormalities of 
perfusion should be graded as to their severity (see Figure 
4.4). A bolus dose (ml/kg) of fluid should then be chosen 
and administered over a defined time frame with the aim of 
restoring intravascular volume (and therefore perfusion 
parameters) to within normal limits without giving excessive 
amounts that would contribute to formation of interstitial 
oedema. A positive fluid balance has been associated with 

a worse outcome in humans (Boyd et al., 2011) and regular 
(15 minute) reassessments are recommended in all patients 
receiving fluid boluses to try and optimize the balance of 
restoring perfusion without administering excess fluid. 
Considering isotonic crystalloids, a full ‘shock’ dose is 
approximately equivalent to a blood volume at 60–90 ml/kg 
(dog) and 40–60 ml/kg (cat). This is rarely given as a single 
bolus, particularly in cats, with the exception being dogs 
exhibiting signs of imminently life-threatening hypovolae -
mia. More commonly in patients with signs of moderate to 
severe hypoperfusion, a 25–50 ml/kg bolus should be used 
(10–20 ml/kg in the cat) and for patients with signs of mild 
hypoperfusion a smaller bolus of 10–20 ml/kg (5–7 ml/kg in 
the cat) should be chosen. The fluid dose should be admin -
istered over a defined time frame (usually 30 minutes–1 
hour), although in dogs with severe hypoperfusion it may 
be necessary to administer the dose more rapidly. At the 
end of the dose the patient’s perfusion parameters should 
once again be assessed. If they are within normal limits, 
fluid therapy should continue to replace ongoing losses, 
with doses as outlined in the chronic fluid therapy plan 
described below. In contrast, if perfusion parameters are 
still abnormal, another fluid bolus should be given.

Hypotensive resuscitation is a concept that may be 
considered in patients with hypovolaemia secondary to 
acute haemorrhage or in patients with alveolar lung  
disease. In this scenario, rather than administering fluid 
therapy to achieve the endpoint of normal systolic blood 
pressure, fluids are used until systolic blood pressure is 
slightly lower than the normal range (i.e. aiming for a sys-
tolic blood pressure of 80–90mmHg). This strategy theo -
retically reduces blood loss whilst preserving blood flow to 
vital organs and is supported by some experimental and 
human clinical liter ature (Carrick et al., 2016). Its place in 
clinical veterinary medicine is as yet unknown; it is impor -
tant to remember that it is only a temporary strategy to be 
used in the time between presentation and definitive con -
trol of the bleeding, usually by surgical intervention.

Prior to administering aggressive fluid therapy, a care -
ful assessment should be made of possible reasons for the 
hypoperfusion and whether there are any contraindica -
tions to rapid fluid therapy. The vast majority of animals 
with poor perfusion have hypovolaemia, distributive shock 
(sepsis or other causes of SIRS) obstructive, or less  
commonly cardiogenic shock (see Chapter 3). Fluids are 
essential in the treatment of both hypovolaemic and dis -
tributive shock but contraindicated in most animals with 
cardiogenic shock. Most animals with significant heart  
disease as a cause of their shock will have a murmur or 
gallop rhythm on cardiac auscultation. However, in 
patients with severe hypovolaemia, the heart sounds can 
be quiet, making it challenging to auscultate concurrent 
cardiac abnormalities. The major contraindications to 
aggressive fluid therapy are cardiac, respiratory or brain 
disease. Although anuric renal failure also warrants careful 
fluid therapy, it is impossible to confirm this diagnosis 
without an appropriate fluid challenge.

Fluids for acute intravascular volume replacement 
should always be given by the intravenous or intraosseous 
route. Flow rate through a catheter is proportional to the 
fourth power of the radius of the catheter, thus the largest 
bore possible should be used (see Chapter 2). It is often 
helpful to place two intravenous catheters to ensure that 
an adequate fluid volume can be administered and to pro -
vide a back-up if one catheter does not flow or becomes 
dislodged. In animals with severe hypoperfusion surgical 
venous cut-downs may be necessary to establish venous 
access (see Chapter 2).
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Animals receiving intravenous fluids for rapid intra -
vascular volume expansion should be constantly moni -
tored to assess the clinical response to therapy. In general, 
during successful volume replacement, perfusion para -
meters will gradually and predictably return to normal. 
Mental status should improve and there should be no dele-
terious effects on the respiratory system. Given a dog of a 
certain bodyweight with a given degree of hypovolaemia, 
the expected clinical response from a given volume and 
type of intravenous fluid can be estimated. This enables 
the clinician to detect an inadequate response to volume 
resuscitation rapidly and pursue the underlying cause (e.g. 
ongoing haemorrhage, sepsis/SIRS). The fluid type and 
rate should be reassessed, as patients with severe ongo -
ing losses may require blood component therapy.

Although isotonic replacement crystalloids are often 
the first choice in the fluid resuscitation of patients in 
shock, blood products or hypertonic saline may also be 
chosen. Blood products should be considered if the 
patient has pre-existing anaemia or has experienced 
severe haemorrhage, but their immediate use is often  
limited by practicality and they are more commonly used 
to follow on from initial crystalloid resuscitation. Fluid 
resuscitation with asanguineous fluids should rarely if ever 
be withheld due to concerns about decreased red cell 
mass. Hypertonic saline should be considered in patients 
with concurrent hypovolaemia and head trauma or in large 
patients in severe shock. Colloids are rarely used as the 
initial resuscitative fluid but may be considered if resusci -
tation with crystalloid fluids is unsuccessful. A colloid dose 
of 20 ml/kg is considered equivalent to a 60–90 ml/kg 
dose of isotonic crystalloid, and the dose should be scaled 
down according to the severity of shock in the same  
manner as described for crystalloids.

�*�O�Y�V�U�P�J���Å�\�P�K���[�O�L�Y�H�W�`���M�V�Y���[�O�L���W�H�[�P�L�U�[���^�P�[�O��
normal perfusion parameters
If the patient’s perfusion parameters are within normal  
limits (either at presentation or following correction of 
shock with acute fluid therapy as described above), a 
chronic fluid therapy plan should be formulated. For the 
animal that is dehydrated but not hypovolaemic, it is 
appropriate to correct fluid, electrolyte and acid–base 
abnormalities over a period of 24–48 hours. When devis-
ing a chronic fluid therapy plan, three components should 
be considered:

• Pre-existing fluid deficits (replacement of hydration 
losses)

• Maintenance requirements
• Ongoing losses.

The volume of fluids required for replacement of dehy -
dration is estimated as a percentage of the animal’s  
bodyweight, based on the clinical signs of hydration  
status (see Figure 4.6). As discussed previously, this pro-
vides only a rough estimate rather than an accurate 
guide. Because of the need to expand the intravascular 
and interstitial compartments effectively, an isotonic fluid 
is used for replacement of pre-existing deficits. Main -
tenance fluid requirements are simply the water and elec -
trolytes needed on a daily basis in a normal animal. They 
are estimated empirically at 60 ml/kg/day for small dogs 
and cats and 40 ml/kg/day for larger dogs. In general,  
the fluid composition required for maintenance is low  
in sodium (approximately 0.3–0.45% NaCl) and high in 

potassium (approximately 20 mmol/l). Ongoing losses 
should also be estimated, although occasionally they may 
be measured (e.g. losses via a chest tube by collecting 
drainage or losses in diarrhoea by weighing soiled bed -
ding). Increased insensible losses, such as panting (espe-
cially with pyrexia), can be significant and should be 
taken into account when planning ongoing requirements.

In practice, replacement isotonic crystalloids are used 
for the chronic fluid therapy plan, as most patients still have 
some degree of replacement needs or ongoing losses. The 
use of replacement fluids in this situation tends to pre -
dispose patients to the development of hypokalaemia. 
Patients that have only maintenance requirements (e.g. the 
neurological patient with inability to drink) are rarely 
encountered. In this situation, a maintenance fluid may be 
used, although the use of a replacement solution with 
potassium supplementation is also likely to be successful.

In animals that require potassium supplementation, an 
empirical dose is usually added to the intravenous fluids 
(see Chapter 5). In very small patients or those on rapid 
fluid rates, the potassium infusion rate should be calcu -
lated to double check that the patient is not being over -
dosed. An empirical maximum infusion rate of 0.5 mmol/
kg/h is suggested for potassium. The converse also should 
be kept in mind: the standard potassium supplementation 
of fluids may be insufficient to correct plasma potassium 
concentrations in patients that are receiving relatively low 
fluid rates. Potassium should not be added to fluids that 
are likely to be used for rapid intravenous infusion because 
of the risk of administration of a high dose quickly. 
Furthermore, inadequate mixing of intravenous fluids after 
addition of supplementary potassium can result in delivery 
of fluid with potassium concentrations an order of magni -
tude higher than expected.

�4�V�U�P�[�V�Y�P�U�N���Å�\�P�K���[�O�L�Y�H�W�`
Fluid requirements should be re-evaluated and adjusted 
regularly. In a patient receiving a bolus for hypovolaemia 
this may be every 15–30 minutes, whereas in a patient with 
chronic renal disease it may be on a daily basis. One of the 
most common mistakes with continued intravenous fluid 
therapy is failure to re-adjust fluid rates as the condition of 
the animal changes. There is a tendency to misconstrue 
the impressive autoregulatory abilities of the body (and 
more specifically the kidney) to infer that the choice of 
intravenous fluids is somewhat academic. Certainly, the 
normal kidney often compensates admirably for an inap -
propriate choice of fluid therapy. In animals with renal dys -
function or failure of the body’s normal homeostatic 
mechanisms for water, electrolyte and acid–base balance, 
failure to select the appropriate fluid and monitor the 
effects may result in serious and potentially life-threatening 
complications. The most basic yet useful monitoring tech -
nique is the serial physical examination, which should 
include both assessment of perfusion and hydration 
parameters as well as evaluation for complications of fluid 
therapy (increased respiratory rate/effort, development of 
peripheral oedema). Other techniques discussed below 
may be used to augment the physical examination.

�)�V�K�`�^�L�P�N�O�[
Acute changes in bodyweight are largely due to changes 
in the fluid content of the body. When treating dehydrated 
patients, an increase in bodyweight is a positive sign that 
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euhydration is being restored. However, an increase in 
bodyweight in a non-dehydrated patient may be an early 
indicator that the patient is becoming fluid overloaded.

�:�L�Y�P�H�S���I�S�V�V�K�^�V�Y�R
It is recommended that PCV/TS and electrolytes are moni -
tored frequently (at least daily) in patients on intravenous 
fluids. As discussed above, hypokalaemia is a common 
complication of chronic fluid therapy. In a patient with 
shock receiving aggressive fluid therapy, changes in PCV/
TS can be used to guide the clinician as to when fluids 
such as colloids or blood products may be required. 
Lactate is a useful adjunct in the assessment of hypoper -
fusion, with a normal lactate level representing a suitable 
resuscitation endpoint in many patients. Central venous 
oxygen saturation (CvO2) greater than 70% is one of the 
resuscitation endpoints recommended in some human 
studies (Rivers et al., 2001); its use in veterinary patients is 
limited by the need to have a central line in place during 
the initial resuscitation period.

Arterial blood pressure
Arterial blood pressure is frequently measured in critically 
ill veterinary patients and reflects the interplay between 
cardiac output and systemic vascular resistance (see 
Chapter 3). Arterial hypotension is a late change in shock, 
as many of the homeostatic mechanisms act to maintain 
blood pressure. Fluid boluses are therefore often still war -
ranted in patients that are normotensive on presentation, 
but which are showing signs of compensated shock. 
Arterial blood pressure monitoring may be used to monitor 
patients in hypotensive shock that are receiving fluid 
boluses to restore perfusion. A minimum systolic arterial 
pressure of 80–90 mmHg or mean arterial pressure of 
greater than 60 mmHg should be the initial goal. In normo -
tensive patients, although there may be transient increases 
in arterial blood pressure in response to fluid boluses, 
arterial blood pressure does not continue to climb with  
further fluid loading and is thus less useful than central 
venous pressure for assessment of vascular filling.

Central venous pressure
The central venous pressure (CVP) is a measure of the 
hydrostatic pressure within the central venous compart -
ment, and as such provides the most accurate assessment 
of vascular filling. It is typically measured via a catheter 
placed percutaneously into the jugular vein (see Chapter 2), 
which has its tip in the cranial vena cava. Catheters placed 
into the caudal vena cava via the saphenous or femoral 
veins may also be used but tend to give less predictable 
and less accurate readings. The CVP is measured by 
attachment of the central venous catheter to either an elec -
tronic pressure transducer or a water manometer. Electronic 
pressure transducers provide a continuous readout of CVP 
and allow assessment of the waveform; however, requires 
that practices have direct pressure monitoring equipment. A 
water manometer is used to provide intermittent readings of 
CVP and can be constructed from equipment available in 
most practices (three lengths of drip tubing, a ruler, a 60 ml 
syringe and a three-way stopcock; Figure 4.10).

Normal CVP is 0–5 cmH2O. A low CVP implies inade-
quate vascular filling, whereas a high CVP implies intra-
vascular volume overload, right-sided cardiac dysfunction, 
or increased intrathoracic pressure (e.g. pleural effusion). 
The change in CVP following a fluid bolus can be a useful 

guide to the necessity for further fluid loading, especially  
in patients in which volume overload is a concern, for 
example patients with possible anuric/oliguric renal failure. 
If the CVP is low, increases following a fluid bolus but then 
rapidly returns to pre-bolus levels, then more fluid therapy 
is warranted. In contrast, if it rises and remains high, this 
implies that the vascular volume is adequate and hypo -
volaemia is not the cause of the poor urine output.

Urine output
Urine output represents the balance between glomerular 
filtration rate (GFR) and tubular fluid reabsorption, and can 
be affected by a large number of different factors. It is thus 
impossible to define a ‘normal’ urine output but only to 
assess whether the output achieved is appropriate for the 
animal’s clinical state. Assuming post-renal causes have 
been ruled out, critically ill patients may have a low urine 
output (<0.5 ml/kg/h) due to poor renal perfusion and low 
GFR (hypotension), anuric/oliguric renal failure, or high 
tubular reabsorption rate. The latter, which is associated 
with a high USG, implies that the animal’s homeostatic 
mechanisms are actively conserving water and suggests 
normal renal function. In all of these instances, the goal 
should be to increase urine output into the 0.5–2.0 ml/kg/h 
range. In many cases this is achieved by providing the 
patient with adequate fluid therapy, although in the case of 
oliguric/anuric renal failure, pharmacological measures 
may be necessary to restart urine flow (see Chapter 8).

A falling urine output in a patient that had previously 
been considered to be volume replete can be an early indi -
cator that the current fluid therapy plan is not supplying a 
sufficient volume of fluid. In most critical patients, this 
occurs because of changing and increased losses from 
the body, through the GI tract, wounds, or into third 
spaces. Patients may have an obligatory high urine output 
(>2 ml/kg/h and in some cases as high as 10–20 ml/kg/h) 
as a consequence of their underlying disease (e.g. polyuric 
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renal failure, post-obstructive diuresis). In this scenario, 
accurate monitoring of urine output helps guide the rate of 
intravenous fluid therapy that the patient requires. The goal 
in this situation should be to ‘match ins with outs’.

Urine output is best measured by placement of an 
indwelling urinary catheter. Strict aseptic technique should 
be adhered to whenever handling the urinary catheter to 
reduce the risk of ascending urinary tract infection. 
Alternative methods include attempting to catch all the 
urine passed in ambulatory patients or weighing urine- 
soaked bedding in recumbent patients. Neither of these 
techniques is as accurate as catheterization.

�*�V�U�J�S�\�Z�P�V�U
Fluid therapy is an important part of the treatment of many 
critically ill veterinary patients. It should be remembered 
that fluids are a group of drugs just like any other, and have 
the potential to have adverse effects as well as positive 
ones. Numerous different fluids are available to veterinary 
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Patient details
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Physical examination
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Initial plan
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practitioners, all of which can be used at a variety of differ -
ent rates and doses. Successful fluid therapy comes from 
understanding why the patient requires fluid therapy and 
devising a fluid therapy plan for that individual based on 
both the goals of fluid treatment and an awareness of 
potential complications (Figure 4.11). Appropriate monitor -
ing and a degree of flexibility with the plan as the patient’s 
status changes are also important elements in achieving a 
successful outcome.
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Electrolyte and  
acid–base balance
Amanda Boag

The evaluation of electrolytes and acid–base status in 
critically ill patients is an important tool, both for helping 
to achieve a rapid diagnosis and for refining patient man -
agement. Furthermore, as we develop the veterinary evi-
dence base using large clinical datasets, levels of these 
variables may be found to be prognostic (Holowaychuk 
and Monteith, 2011) or of use in modelling illness severity 
scoring systems for the critically ill patient (Hayes and 
Matthews, 2015). Electrolyte and acid–base parameters 
can change over very short time periods with disease pro -
gression or treatment, and the ability to measure these 
parameters in-house is essential. An increasing number of 
veterinary surgeons (veterinarians) have access to ‘bench-
top’ machines such as i-Stat, epoc or VetStat blood gas 
analysers, allowing greater numbers of patients to benefit 
from the information they provide. For the emergency 
practitioner, a blood gas machine is more important for 
acute patient management than an in-house biochemistry 
machine. Hour-to-hour treatment decisions may be made 
on the basis of changes in electrolyte and acid–base  
status, whereas this is rarely the case with clinical bio -
chemistry parameters.

This chapter reviews the relevant physiology and clinical 
significance of changes in the major electrolytes (sodium, 
potassium, chloride, calcium and magnesium) as well as 
providing an introduction to acid–base interpretation.

Sodium
Sodium is the most important osmotically active particle in 
the extracellular fluid (ECF) and, as such, is a vital determi-
nant of ECF, and hence intravascular volume. The regulation 
of sodium concentration and water balance is intimately 
related, and most patients with clinically relevant hypo- or 
hypernatraemia have an underlying abnormality in the way 
the body handles water as opposed to an increased or 
decreased amount of sodium. The nephrons of the kidney 
are the prime site for sodium and water homeostasis, where 
the endocrine mechanisms for volume regulation (i.e. 
sodium content) and osmoregulation (i.e. water content) are 
integrated. The body regulates ECF volume by altering the 
amount of sodium excreted; volume regulation involves 
detection of intravascular volume changes at a number of 
anatomical sites (carotid sinus, aortic arch, glomerular affer -
ent arterioles, cardiac atria), with alterations in the activation 
of the renin–angiotensin–aldos terone system (RAAS), the 
sympathetic nervous system (SNS) and atrial natriuretic 

peptide (ANP) being the principal effector mechanisms. The 
complex actions of these hormones lead to either increased 
(RAAS, SNS) or decreased (ANP) sodium retention by the 
kidneys. Osmoregulation involves detection of changes in 
osmo lality by the hypothalamus with control effected by 
anti diuretic hormone (ADH; vasopressin). An increase in 
ADH leads to increased body water by stimulating thirst  
and increasing water reabsorption in the distal part of the 
nephron. At times the regulation of ECF volume and osmo -
lality may conflict (for example the hypovolaemic patient 
with hypernatraemia) and in this scenario, maintenance of 
an effective circulating fluid volume is prioritized over  
normalizing osmolality. The reader is referred to the Ref-
erences and further reading section for sources with more 
detail on the physiology of this important topic.

Ultimately, the measured serum sodium concentration 
reflects the balance between the amount of sodium rela -
tive to the amount of water within the ECF compartment, 
and is not a direct indicator of total body sodium. Patients 
with hypernatraemia (or hyponatraemia) may therefore 
have normal, increased or decreased total body sodium in 
different disease situations. For example, a patient with 
significant loss of hypotonic fluid (e.g. due to osmotic diar -
rhoea) may have decreased total body sodium, but actu -
ally be hypernatraemic if the loss of water exceeds the loss 
of sodium. These patients are likely to be hypernatraemic 
and hypovolaemic. Conversely, a patient with hypernatrae -
mia secondary to excessive intake of salt (impermeant  
solute gain), which also has had access to water, may be 
hypernatraemic and hypervolaemic. When evaluating 
patients with sodium abnormalities it is vitally important to 
make an assessment of intravascular volume status on the 
basis of physical examination and history (see Chapter 4). 
Recognition of the patient’s volume status allows refine -
ment of the differential diagnosis list and has important 
implications for treatment. As the sodium ion is mono -
valent, 1 mmol/l is equivalent to 1 mEq/l.

Disorders of sodium
Causes
The differential diagnoses for sodium abnormalities, cate -
gorized according to the patient’s intravascular volume  
status, are shown in Figure 5.1. Several of the causes  
(e.g. vomiting and diarrhoea) may cause either hyper- or 
hyponatraemia depending on the exact nature of the losses 
(i.e. whether they contain more sodium than water or vice 
versa) and the ability of the animal to drink and regain free 
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period of days to weeks), the brain is able to compensate 
and clinical signs may not be seen. When hypernatraemia 
progresses gradually, the brain generates inert intracellular 
substances known as idiogenic osmoles that counteract 
the increased ECF tonicity and prevent cerebral fluid loss. 
With gradual onset of hyponatraemia, the brain is able to 
adjust by losing osmotically active particles. This has 
important implications for treatment, in that rapid correc -
tion of chronic sodium abnormalities may precipitate clini -
cal signs that are more severe than those induced by the 
sodium abnormality itself.

Treatment
The principles of treatment for both hyper- and hyponatrae -
mia are similar, and generally involve manipulation of the 
patient’s intravenous fluid therapy. For the majority of 
patients with serum sodium abnormalities, the serum 
sodium concentration does not need specific treatment but 
will correct itself as the underlying disease is treated. 
Patients with clinical signs may, however, require treatment 
aimed specifically at the sodium abnormality. It is also vital 
to ensure that treatment for the underlying disease does 
not lead to rapid changes in sodium and development of 
iatrogenic clinical signs.

When the serum sodium abnormality has been gradual 
in onset, the serum sodium should be corrected slowly, 
with a maximum change of 0.5 mmol/l sodium per hour in 
either direction.

If hypovolaemia is also present, initial treatment should 
be directed at restoration of the patient’s intra  vascular 
volume with the use of fluid boluses (see Chapter 4). To 
avoid rapid changes in the patient’s serum sodium, the 
fluid chosen for boluses should have a sodium concentra -
tion close to the animal’s serum sodium. For the majority 
of hypernatraemic patients 0.9% NaCl (sodium concentra -
tion 154 mmol/l) is suitable, and for hyponatraemic 
patients, Hartmann’s solution (sodium concentration 131 
mmol/l) or lactated Ringer’s solution (sodium concentra-
tion 134 mmol/l) are the fluids of choice. Once the  
animal’s intravascular volume status has been restored, 
the serum sodium concentration can be returned to  
normal over a period of 24–48 hours. Where possible, 
hypernatraemic patients should be encouraged to drink 
and regain their free water by that route. If the patient  
is vomiting or unable to drink (e.g. with neurological dis -
ease), free water must be administered using hypotonic 
fluids (0.45% NaCl, 5% dextrose in water). The patient’s 
approximate free water deficit can be calculated using  
the following equation:

Free water deficit (l) = 

0.6 x current weight (kg) x ( 
serum sodium concentration (patient)    –1 )

 
serum sodium concentration (normal)

This volume of free water can then be administered 
gradually over the number of hours calculated to restore 
normal serum sodium whilst remaining within the recom -
mended maximum rate of change of 0.5 mmol/l/h. An 
example calculation is given in Figure 5.2. Frequent moni -
toring of sodium is recommended (up to every 2–4 hours) 
to ensure that the sodium is not changing too rapidly. The 
fluid therapy plan may need to be adjusted frequently  
during this time period.

The majority of normo- or hypervolaemic, hyponatrae -
mic patients are asymptomatic for their hyponatraemia. 
Treatment commonly involves medical therapy directed at 
the underlying cause (see Figure 5.1), although in many 

Hypernatraemia

• Hypervolaemia (impermeant solute gain)
• Salt poisoning
• Iatrogenic (hypertonic saline administration)

• ���‘�”�•�‘�˜�‘�Ž�ƒ�‡�•�‹�ƒ�����’�—�”�‡���™�ƒ�–�‡�”���†�‡�¤�…�‹�–����a

• Hyperthermia
• Diabetes insipidus (central/nephrogenic)
• Inadequate access to water
• Primary hypodipsia

• Hypovolaemia (loss of water in excess of sodium)
• Renal failure (acute or chronic)
• Vomiting and diarrhoea
• Burn injuries
• Drug-induced (furosemide, mannitol)

Hyponatraemia

• Hypervolaemia (impaired water excretion)
• Congestive heart failure
• Severe hepatic disease
• Renal disease (nephrotic syndrome)

• Normovolaemia
• Syndrome of inappropriate ADH secretion (SIADH)
• ���›�’�‘�–�‘�•�‹�…���ª�—�‹�†���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•
• Psychogenic polydipsia

• Hypovolaemia (loss of sodium in excess of water)
• Hypoadrenocorticism
• Vomiting and diarrhoea
• Drug-induced (diuretics)

• Third-space loss 

���‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‹�•���‘�ˆ���•�‡�”�—�•���•�‘�†�‹�—�•���ƒ�„�•�‘�”�•�ƒ�Ž�‹�–�‹�‡�•�ä��
Diagnoses in italics are those encountered most frequently in 

�…�Ž�‹�•�‹�…�ƒ�Ž���’�”�ƒ�…�–�‹�…�‡�ä��a Although the conditions listed here initially lead to 
normovolaemic hypernatraemia, in clinical practice, by the time patients 
�™�‹�–�Š���’�—�”�‡���™�ƒ�–�‡�”���†�‡�¤�…�‹�–���’�”�‡�•�‡�•�–���–�‘���ƒ���˜�‡�–�‡�”�‹�•�ƒ�”�›���•�—�”�‰�‡�‘�•�á���–�Š�‡�›���ƒ�”�‡���‘�ˆ�–�‡�•��
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5.1

water. The presence and influence of other osmotically 
active particles in the plasma should also be considered 
when interpreting serum sodium values. This is clinically 
most relevant when evaluating diabetic patients. In these 
patients, the elevated serum glucose acts as an osmotically 
active particle and draws water into the vasculature, lead -
ing to dilution of the serum sodium. It is expected that for 
every 1 mmol/l increase in glucose, the serum sodium will 
be reduced by approximately 0.3–0.4 mmol/l.

Finally, when assessing patients with hyponatraemia, 
the possibility of pseudohyponatraemia should be consid -
ered. This is an artefact that occurs when serum sodium is 
measured by flame photometry (used by most commercial 
laboratories) in patients with concurrent hyperlipidaemia or 
hyperproteinaemia. In this situation the true serum sodium 
is likely to be within normal limits. Pseudohyponatraemia 
has no negative clinical consequences but it is important 
that it is recognized so that the low serum sodium is not 
over interpreted.

Clinical signs
Mild abnormalities in serum sodium are common and 
rarely cause clinical signs. If sodium abnormalities are 
moderate to severe (<130 mmol/l or >170 mmol/l) and 
especially if they develop rapidly, clinical signs may ensue. 
The clinical signs are principally neurological. With hyper -
natraemia, the increased tonicity of the ECF leads to 
movement of water out of brain cells, causing cerebral 
dehydration and development of neurological signs. With 
hyponatraemia, the decreased ECF tonicity promotes 
movement of water into the brain, with development of 
cerebral oedema. The rate of change in sodium is an 
important determinant of the severity of the clinical signs. 
If the sodium abnormality develops slowly (i.e. over a 
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increased intake of potassium may lead to hyperkalaemia. 
The differential diagnoses are shown in Figure 5.3. Arte-
factual hyperkalaemia can also be caused by improper 
sample handling, especially the use of blood anticoagu -
lated with ethylenediaminetetraacetic acid (EDTA) for elec-
trolyte measurement, thrombo  cy tosis or haemolysis in 
some breeds (e.g. Akitas) whose red cells have a high 
potassium concentration.

patients with chronic diseases such as congestive heart 
failure, the hyponatraemia may remain and its correction is 
not the prime goal of treatment. If fluid therapy is required 
in these patients, careful consideration should be given to 
the underlying disease process and the reason for admin -
istration of fluids. In many instances a fluid with a sodium 
concentration slightly greater than the patient’s serum 
sodium is appropriate. In patients with symptomatic 
hyponatraemia (typically Na+ <120 mmol/l), more targeted 
treatment may be needed, with use of diuretics to promote 
free water loss or administration of small quantities of 
hypertonic saline. The rate at which the serum sodium will 
change is very difficult to predict and too rapid correction 
may lead to irreversible neurological signs secondary to 
cerebral myelinolysis. As with correction of hypernatrae -
mia, frequent monitoring of serum sodium is required with 
adjustment of the fluid therapy plan as necessary.

Potassium
Potassium is the most abundant intracellular cation. 
Approximately 95–98% of total body potassium is found 
within the cells, and intracellular potassium concentration is 
approximately 140 mmol/l. Serum potassium is maintained 
within a much lower and very narrow range (approximately 
3.5–5.5 mmol/l); this difference between intracellular and 
extracellular concentrations is vitally important for determin -
ing the resting membrane potential of excitable tissues 
(including cardiac conduction tissue). Serum concentrations 
do not reflect whole-body potassium levels. Translocation 
between the extracellular and intracellular compartments 
can be a cause of potassium abnormalities, or may be  
utilized during treatment. Potassium intake is principally via 
the gastrointestinal tract and typically exceeds daily potas -
sium requirements. The excess potassium is excreted 
mainly via the urinary system, with aldosterone being the 
principal hormone affecting potassium excretion in the  
distal tubule. As the potassium ion is monovalent, 1 mmol/l 
is equivalent to 1 mEq/l.

Hyperkalaemia
Causes
Causes of hyperkalaemia may be divided into those that 
occur secondary to reduced renal excretion of potassium, 
and those that involve translocation of potassium from  
the intracellular to the extracellular compartment. Rarely, 

Decreased urinary excretion

• Uroabdomen
• Urethral obstruction
• Hypoadrenocorticism
• Anuric/oliguric renal failure
• ���¡�—�•�‹�˜�‡���†�‹�•�‘�”�†�‡�”�•�����’�Ž�‡�—�”�ƒ�Ž�á���’�‡�”�‹�–�‘�•�‡�ƒ�Ž�á���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž��
• �
�ƒ�•�–�”�‘�‹�•�–�‡�•�–�‹�•�ƒ�Ž���†�‹�•�‡�ƒ�•�‡�����‡�ä�‰�ä���–�”�‹�…�Š�—�”�‹�ƒ�•�‹�•�á���•�ƒ�Ž�•�‘�•�‡�Ž�Ž�‘�•�‹�•�á���’�‡�”�ˆ�‘�”�ƒ�–�‡�†��

duodenum)
• Drug-induced:

• Angiotensin-converting enzyme inhibitors
• Potassium-sparing diuretics

Translocation from intracellular to extracellular compartment

• Massive cell death: 
• Reperfusion injury following thromboembolism
• Severe trauma
• Tumour lysis syndrome
• Heatstroke

• Acute mineral acidosis
• ���•�•�—�Ž�‹�•���†�‡�¤�…�‹�‡�•�…�›
• Drug-induced:

• Beta-blockers

Increased intake 

• Iatrogenic

���‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‹�•���‘�ˆ���Š�›�’�‡�”�•�ƒ�Ž�ƒ�‡�•�‹�ƒ�ä�����‹�ƒ�‰�•�‘�•�‡�•���‹�•��italics 
�ƒ�”�‡���–�Š�‘�•�‡���‡�•�…�‘�—�•�–�‡�”�‡�†���•�‘�•�–���ˆ�”�‡�“�—�‡�•�–�Ž�›���‹�•���…�Ž�‹�•�‹�…�ƒ�Ž���’�”�ƒ�…�–�‹�…�‡�ä5.3

Clinical signs
The most life-threatening consequence of hyperkalaemia  
is its effect on myocardial conduction. Clinically, this is 
detected by an inappropriate bradycardia and characteristic 
electrocardiogram (ECG) changes. As serum potassium 
increases, initially there is a prolonged PR interval, de-
creased R wave amplitude and increased T wave amplitude. 
This progresses to atrial standstill (absent P wave) with  
widened QRS complexes and bradycardia (see Chapter 6). 
A ‘sine wave’ trace may be seen shortly before asystole.  
A serum potassium level of >7.5 mmol/l should be consid -
ered of great concern, although precise correlation between 
the magnitude of the hyperkalaemia and the ECG changes 
does not exist, as other factors (e.g. acid–base status, ion -
ized calcium levels) also affect myocardial conduction. 
Treatment should therefore be based on the severity of  
the ECG changes and their clinical effects on the patient, 
rather than simply on the measured serum potassium level.

Treatment
Emergency treatment of hyperkalaemia is required when -
ever the patient has high serum potassium and is showing 
consistent clinical or ECG changes. If serum potassium 
cannot be measured in-house but the index of suspicion 
for hyperkalaemia is high (e.g. bradycardia in a patient with 
urethral obstruction), treatment should still be considered. 
Specific treatment for hyperkalaemia includes:

• Intravenous calcium gluconate at a dose of  
0.5–1.5 ml/kg of a 10% solution given intravenously 
over 5–10 minutes. This acts rapidly to counteract the 
effects of the high potassium on myocardial 

�����Z�æ�•�‘�•�–�Š�æ�‘�Ž�†�����–�ƒ�¡�‘�”�†�•�Š�‹�”�‡�����—�Ž�Ž�����‡�”�”�‹�‡�”���™�‹�–�Š���Š�›�’�‘�†�‹�’�•�‹�ƒ���•�‹�•�…�‡���„�‹�”�–�Š��
�’�”�‡�•�‡�•�–�•���™�‹�–�Š���•�‡�”�—�•���•�‘�†�‹�—�•���‘�ˆ���U�]�T���•�•�‘�Ž���Ž�ä�����—�”�”�‡�•�–���„�‘�†�›�™�‡�‹�‰�Š�–�� 
�‹�•���U�Y���•�‰�ä

�	�”�‡�‡���™�ƒ�–�‡�”���†�‡�¤�…�‹�–���¯���T�ä�Z���š���U�Y���š��( 190 – 1)
 145
�	�”�‡�‡���™�ƒ�–�‡�”���†�‡�¤�…�‹�–���¯���V�ä�\���Ž

This should be administered to return the sodium to the normal range 
���U�X�Y���U�Y�Y���•�•�‘�Ž���Ž�����ƒ�–���ƒ���”�ƒ�–�‡���•�‘���‰�”�‡�ƒ�–�‡�”���–�Š�ƒ�•���T�ä�Y���•�•�‘�Ž���Ž���Š�ä�����•���–�Š�‡��
objective is for serum sodium to drop 35 mmol/l (from 190 mmol/l to 
�U�Y�Y���•�•�‘�Ž���Ž���á���–�Š�‹�•���•�Š�‘�—�Ž�†���‘�…�…�—�”���‘�˜�‡�”���[�T���Š�‘�—�”�•�ä��

If 5% dextrose in saline is used, this is equivalent to 100% free water, 
�–�Š�—�•���–�Š�‡���”�ƒ�–�‡���‘�ˆ���ª�—�‹�†���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•���™�‘�—�Ž�†���„�‡���V�\�T�T���[�T���¯���X�T���•�Ž���Š�ä
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Any ongoing electrolyte losses should also be taken into 
�…�‘�•�•�‹�†�‡�”�ƒ�–�‹�‘�•�á���™�‹�–�Š���…�‘�•�…�—�”�”�‡�•�–���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•���‘�ˆ���‹�•�‘�–�‘�•�‹�…���ª�—�‹�†�•���‹�ˆ��
�•�‡�…�‡�•�•�ƒ�”�›�ä
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conduction. Its effects last approximately 20 minutes 
and the dose can be repeated. It does not lower serum 
potassium but is the first-choice therapy in severely 
affected animals due to its rapidity of action

• Regular (soluble) insulin at a dose of 0.25–0.5 IU/kg 
administered intravenously with 2 g dextrose per unit of 
insulin and followed by the addition of 2.5% dextrose to 
the intravenous fluids. Insulin acts to lower serum 
potassium by promoting potassium uptake into cells 
along with glucose. It takes about 20 minutes to have an 
effect. It is essential that intravenous fluids are 
supplemented with glucose for 12–24 hours following this 
treatment to prevent the development of hypoglycaemia

• Sodium bicarbonate at a dose of 1–2 mmol/kg 
administered intravenously over 15 minutes. This acts 
to drive potassium intracellularly by changing plasma 
pH. It is rarely necessary and should only be used if the 
acid–base status can be monitored

• Terbutaline at a dose of 0.01 mg/kg intravenously 
slowly. This stimulates the Na+/K+ ATPase to translocate 
potassium intracellularly.

Most patients with hyperkalaemia also have significant 
abnormalities of fluid balance and are frequently hypovol -
aemic. As such, almost all these patients also require intra -
venous fluid therapy with a replacement crystalloid fluid. 
The fluid should be chosen after consideration of all the 
patient’s electrolyte abnormalities. Although Hartmann’s 
solution/lactated Ringer’s solution contains small amounts 
of potassium, this small dose is unlikely to have a clinical 
impact on the patient in comparison with the dilution pro -
duced by fluid administration. In a study evaluating elec -
trolyte changes in cats with urethral obstruction receiving 
either 0.9% NaCl or lactated Ringer’s solution, there was 
no significant difference between fluid groups in the speed 
of correction of the potassium, but the acid–base status 
was corrected more rapidly in the patients receiving  
lactated Ringer’s solution (Cole and Drobatz, 2003).

Alongside emergency treatment of the hyperkalaemia, it 
is important to identify and treat the underlying cause. This 
may include placing a urethral catheter (urethral obstruc -
tion; see Chapter 8), surgery (uroabdomen; see Chapter 12) 
or medical therapy (acute renal failure, hypoadrenocorti -
cism; see Chapters 8 and 16, respectively).

Hypokalaemia
Causes
Hypokalaemia is a common finding in critically ill patients, 
especially those which are inappetent and on long-term 
fluid therapy. Causes include decreased intake, increased 
loss through either the kidneys or gastrointestinal tract, or 
translocation from the extracellular to the intracellular 
compartment. The differential diagnoses are summarized 
in Figure 5.4.

Clinical signs
The physiological consequences of hypokalaemia are  
generally less imminently life-threatening than those asso -
ciated with hyperkalaemia. Signs are typically non-specific 
and consist of weakness, lethargy, ileus and anorexia. In 
cats, ventroflexion of the neck may be seen. As these signs 
may contribute to patient morbidity, correction of even  
mild hypokalaemia is recommended. Severe hypokalaemia 
(serum potassium <2.8 mmol/l) can lead to respiratory 
muscle weakness and hypoventilation, with the potential to 
progress to respiratory paralysis and death. Potassium 

Increased loss

• Gastrointestinal tract
• Vomiting
• Diarrhoea

• Urinary tract
• Chronic renal failure (particularly cats)
• Postobstructive diuresis
• Drug-induced:

 – Diuretics (loop, thiazide)
• Penicillins
• Mineralocorticoid excess
• Renal tubular acidosis

Translocation from extracellular to intracellular compartment

• ���•�•�—�Ž�‹�•���‰�Ž�—�…�‘�•�‡�æ�…�‘�•�–�ƒ�‹�•�‹�•�‰���ª�—�‹�†�•
• Alkalaemia
• ���ƒ�–�‡�…�Š�‘�Ž�ƒ�•�‹�•�‡���”�‡�Ž�‡�ƒ�•�‡
• Refeeding syndrome

Decreased intake

• Inappetence/anorexia
• ���‘�•�‰�æ�–�‡�”�•���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•���‘�ˆ���‹�•�–�”�ƒ�˜�‡�•�‘�—�•���ª�—�‹�†���™�‹�–�Š���Ž�‘�™���’�‘�–�ƒ�•�•�‹�—�•��

concentration

���‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‹�•���‘�ˆ���Š�›�’�‘�•�ƒ�Ž�ƒ�‡�•�‹�ƒ�ä�����‹�ƒ�‰�•�‘�•�‡�•���‹�• italics are 
�–�Š�‘�•�‡���‡�•�…�‘�—�•�–�‡�”�‡�†���•�‘�•�–���ˆ�”�‡�“�—�‡�•�–�Ž�›���‹�•���…�Ž�‹�•�‹�…�ƒ�Ž���’�”�ƒ�…�–�‹�…�‡�ä5.4

depletion also produces abnormalities within the kidney 
(hypokalaemic nephropathy), a feature of which is impaired 
responsiveness to ADH. This leads to polyuria and further 
renal potassium losses.

Treatment
Hypokalaemia is treated with potassium supplementation 
via the oral or intravenous route. In critically ill patients the 
intravenous route is used most frequently, by adding potas -
sium chloride to the intravenous fluids. In an anorexic 
patient receiving an isotonic replacement fluid (e.g. 
Hartmann’s, 0.9% NaCl) at maintenance rates, addition of 
14–20 mmol K+/l is usually sufficient to maintain serum 
potassium levels. If the patient has pre-existing hypokalae -
mia higher rates of supplementation may be needed (Figure 
5.5). All fluids to which potassium chloride has been added 
must be well mixed and clearly labelled. These fluids 
should never be administered as a bolus due to the poten -
tial effects of rapid intravenous potassium infusion on  
cardiac conduction. Potassium should not generally be 
infused at a rate greater than 0.5 mmol/kg/h, although in 
patients with profound symptomatic hypokalaemia rates of 
1–1.5 mmol/kg/h may be used. It is recommended that if 
rates approaching 0.5 mmol/kg/h are used, the patient is 
monitored continuously with an ECG, and this is mandatory 
if rates greater than 0.5 mmol/kg/h are used. If the patient 
is eating voluntarily or has a feeding tube in place, enteral 
potassium supplementation is safe and effective. The dose 
of enteral potassium required is difficult to predict and 
monitoring of serum potassium is advised; a suggested  
initial dose is 0.5–1.0 mmol/kg orally twice daily.

Serum 
potassium 
(mmol/l)

KCl (mmol) to 
add to 1 l 
�ª�—�‹�†�•

Maximum recommended infusion 
�”�ƒ�–�‡���ˆ�‘�”���•�—�’�’�Ž�‡�•�‡�•�–�‡�†���ª�—�‹�†�•�� 
(ml/kg/h)

�W�ä�Y���Y�ä�T �V�T �V�Y

�W�ä�T���W�ä�Y 30 �U�\

�V�ä�Y���W�ä�T 40 �U�V

�V�ä�T���V�ä�Y 60 �\

�²�V�ä�T �\�T 6

�
�—�‹�†�‡�Ž�‹�•�‡�•���ˆ�‘�”���•�—�’�’�Ž�‡�•�‡�•�–�ƒ�–�‹�‘�•���‘�ˆ���‹�•�–�”�ƒ�˜�‡�•�‘�—�•���ª�—�‹�†�•���™�‹�–�Š��
�’�‘�–�ƒ�•�•�‹�—�•���…�Š�Ž�‘�”�‹�†�‡���������Ž�����ˆ�‘�”���–�Š�‡���–�”�‡�ƒ�–�•�‡�•�–���‘�ˆ���Š�›�’�‘�•�ƒ�Ž�ƒ�‡�•�‹�ƒ�ä5.5
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Chloride
Chloride is the major extracellular anion and serum  
chloride levels generally change in a similar way to those 
of serum sodium. Treatment of the sodium abnormality 
generally leads to concurrent resolution of the chloride 
abnormality. Chloride has an important role in acid–base 
balance due to its interactions with renal sodium and 
bicarbonate reabsorption.

Hyperchloraemia
Hyperchloraemia rarely requires specific treatment and is 
commonly accompanied by hypernatraemia, which is of 
greater clinical significance. The presence of hyperchlor -
aemia may aid with interpretation of acid–base abnormal -
ities (see Metabolic acid–base disturbances). Artefactual 
hyperchloraemia may be seen in patients receiving potas -
sium bromide therapy for management of seizures. These 
patients generally have normal serum sodium.

Hypochloraemia
Hypochloraemia is of clinical relevance principally because 
of its effects on systemic acid–base balance. Hypo -
chloraemic patients are prone to developing a metabolic 
alkalosis, especially if they have concurrent hypovolaemia 
with avid renal retention of sodium. As sodium is reab -
sorbed, the nephron must also reabsorb or regenerate  
anions in order to maintain electroneutrality. The anion 
reabsorbed is principally chloride, but in situations of  
chloride depletion, bicarbonate (HCO 3

–) is regenerated 
instead, thus predisposing the patient to the development 
of alkalaemia. Clinically, this is seen in patients with severe 
vomiting that develop a significant hypochloraemic meta-
bolic alkalosis. Use of 0.9% NaCl as the resuscitative fluid 
of choice in these patients will aid the restoration of acid–
base balance, as the higher chloride concentration allows 
the kidneys to excrete the bicarbonate whilst continuing 
active sodium retention.

Calcium
Calcium has many important extracellular and intracellular 
functions, as well as being a major component of the skel -
eton. Extracellular calcium consists of three fractions:

• Ionized calcium (iCa2+): this forms about 55% of total 
calcium and is the physiologically active fraction. As 
calcium is divalent, 1 mmol/l is equivalent to 2 mEq/l

• Complexed calcium: this forms about 10% of total 
calcium and consists of calcium complexed to anions 
such as citrate, lactate and bicarbonate

• Protein-bound calcium: this forms about 35% of total 
calcium.

The total calcium value reported by most in-house bio -
chemistry machines and external laboratories represents 
all three fractions, whereas blood gas machines more 
commonly measure the ionized calcium fraction. It is 
important to know which component has been measured 
when interpreting calcium abnormalities. Ideally, the ion -
ized calcium should be measured, as this is the biologi -
cally active component. Although equations have been 
suggested to predict the ionized calcium concentration 
from the total calcium value and serum albumin, they are 

not accurate and are not recommended (Schenk and 
Chew, 2005; Schenk and Chew, 2010).

Calcium intake is principally via the gastrointestinal 
tract, with excretion via the kidneys. Calcium stored in 
bone can also be mobilized in response to hypocalcae -
mia. Three hormone systems are involved principally with 
calcium homeostasis:

• Parathyroid hormone (PTH): a peptide hormone 
secreted by the parathyroid gland, PTH leads to 
increased plasma iCa2+ by reducing renal calcium 
excretion, increasing bone resorption and increasing 
calcium absorption from the gastrointestinal tract (via 
calcitriol). Parathyroid hormone-related peptide 
(PTHrP) is a PTH-like substance that is secreted by 
some tumours and is often responsible for the humoral 
hypercalcaemia of malignancy

• Calcitonin: a peptide hormone secreted by the C cells 
of the thyroid gland, leading to decreased iCa 2+ by 
inhibiting bone resorption

• Calcitriol (1,25-dihydroxycholecalciferol): a steroid 
hormone manufactured in the kidneys in response to 
increased PTH, calcitriol acts to increase iCa 2+ by 
increasing gastrointestinal absorption and bone 
resorption.

Hypercalcaemia
Causes
The causes of hypercalcaemia may be divided into those 
in which the ionized calcium is elevated (Figure 5.6) and 
those in which the total calcium is elevated but the ionized 
calcium is normal. The latter situation may occur due to 
increases in the protein-bound fraction (increased albumin 
with dehydration) or increases in the complexed fraction 
(e.g. in chronic renal failure because there is an increase in 
many of the anions with which calcium forms complexes). 
Young growing animals have a mild physiological ionized 
hypercalcaemia. Emergency treatment for hypercalcaemia 
is warranted only if the ionized calcium is increased.

• Neoplasia:
• Lymphoma
• Anal sac adenocarcinoma
• Multiple myeloma
• ���ƒ�”�…�‹�•�‘�•�ƒ�����‹�•�…�Ž�—�†�‹�•�‰���•�ƒ�•�•�ƒ�”�›�á���’�”�‘�•�–�ƒ�–�‹�…�á���–�Š�›�”�‘�‹�†��
• Thymoma

• Primary hyperparathyroidism
• Acute renal failure
• Hypoadrenocorticism
• Granulomatous disease:

• Angiostrongylus vasorum infection
• Fungal disease
• Sterile dermatitis/panniculitis

• Vitamin D toxicosis:
• Some rat poisons
• Psoriasis cream

• Non-neoplastic disorders of bone
• Idiopathic (cats)

���‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‹�•���‘�ˆ���‹�‘�•�‹�œ�‡�†���Š�›�’�‡�”�…�ƒ�Ž�…�ƒ�‡�•�‹�ƒ�ä�����‹�ƒ�‰�•�‘�•�‡�•���‹�•��
italics are those encountered most frequently in clinical 

�’�”�ƒ�…�–�‹�…�‡�ä

5.6

Clinical signs
Clinical signs of hypercalcaemia are often vague and non-
specific. Typically, patients are inappetent (or anorexic), 
lethargic and polyuric/polydipsic. Vomiting, constipation, 
cardiac dysrhythmias and muscle twitching are less  
common clinical signs. The increased calcium affects the 
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kidney’s ability to respond to ADH (a form of nephrogenic 
diabetes insipidus), therefore patients may have a pre-
renal azotaemia with relatively dilute urine. If the hyper-
calcaemia is prolonged, severe and/or associated with a 
high phosphate level, soft tissue mineralization of several 
organs may occur. Renal mineralization leads to the 
development of renal failure, which is the most serious 
complication of untreated hypercalcaemia.

Treatment
Definitive treatment of hypercalcaemia usually involves 
identification and treatment of the underlying cause. The 
diagnostic work-up may, however, take some time and 
therapy specifically to manage the calcium may be neces -
sary during this period. Treatment should be instituted if 
the animal has a high iCa2+ level and/or is showing clinical 
signs related to hypercalcaemia. Soft tissue mineralization 
is more likely to occur if the total calcium (mmol/l) x phos -
phorus (mmol/l) product is >5 (>60 if these electrolytes are 
measured in mg/dl), and aggressive treatment should be 
implemented in these animals to reduce the risk of renal 
failure. Treatment options include:

• Fluid diuresis with 0.9% NaCl at 4–6 ml/kg/h. The high 
renal sodium load promotes calciuresis

• Furosemide at 1–2 mg/kg every 6–12 hours to promote 
renal calcium excretion. This diuretic should only be used 
after dehydration has been corrected with fluid therapy

• Salmon calcitonin at a dose of 4–7 IU/kg s.c. q6–8h. As 
salmon calcitonin is a foreign antigen, there is a theor -
etical risk of anaphylaxis, especially with multiple doses

• Bisphosphonates, which act to reduce bone resorption. 
The dose depends on the preparation used and is not 
well defined in small animal species. The author has 
used clodronate at 10 mg/kg diluted in 0.9% NaCl as a 
slow infusion over 4–6 hours, with success in reducing 
iCa2+ and minimal apparent side effects

• Peritoneal dialysis or haemodialysis for life-threatening 
hypercalcaemia

• Glucocorticoids at anti-inflammatory doses. 
Glucocorticoids act by several mechanisms to reduce 
serum calcium; however, they may also interfere with 
tests necessary to diagnose the underlying cause, and 
therefore compromise future treatment options. It is 
recommended that they are only used once the 
diagnostic evaluation has been completed.

Saline diuresis and furosemide are successful in control -
ling mild to moderate hypercalcaemia in the short term in 
the majority of patients. More severe hypercalcaemia often 
associated with toxicity is more likely to require aggressive 
measures. Long-term treatment relies on identification of 
the underlying cause with appropriate specific treatment. 
Diagnostic tests to be considered include a thorough physi -
cal examination (including rectal examin ation), toxicological 
history, thoracic and abdominal imaging, aspiration of any 
masses or enlarged lymph nodes, PTH and PTHrP levels, 
bone marrow aspiration and tests for infectious diseases as 
suggested by geographical location. Specific treatment  
may involve surgery (e.g. to remove a parathyroid tumour), 
chemo therapy or treatment of infectious disease. The prog -
nosis depends on the underlying disease. Patients that have 
already developed renal failure secondary to hypercalcae -
mia have a poorer prognosis. The hypercalcaemia seen  
with vitamin D toxicosis tends to carry a poor prognosis  
as it is typically of high magnitude, of long duration and  
is associated with high serum phosphorus.

Hypocalcaemia
Causes
As with hypercalcaemia, it is important to assess whether 
hypocalcaemia represents an ionized hypocalcaemia (which 
may lead to clinical signs) or a total hypocalcaemia re  lated 
to a low serum albumin concentration. Ionized hypo -
calcaemia is a relatively common finding in critically ill 
patients and may be prognostic (Luschini et al ., 2010; 
Holowaychuk and Monteith, 2011; Dias and Carreira, 2015). 
Causes of ionized hypocalcaemia are shown in Figure 5.7. 
Artefactual hypocalcaemia can be caused by improper 
sample handling, especially testing using blood anticoagu -
lated with EDTA.

• Hypoparathyroidism:
• Primary
• Iatrogenic (post-thyroidectomy)
• Nutritional secondary hypoparathyroidism

• Chronic renal failure
• Eclampsia (puerperal tetany)
• Ethylene glycol toxicity
• Acute pancreatitis
• Sepsis
• Severe intestinal malabsorption
• Iatrogenic:

• Phosphate enema
• Rapid or massive administration of blood products (citrate 

toxicity)
• ���ƒ�’�‹�†���ƒ�†�•�‹�•�‹�•�–�”�ƒ�–�‹�‘�•���‘�ˆ���’�Š�‘�•�’�Š�ƒ�–�‡�æ�…�‘�•�–�ƒ�‹�•�‹�•�‰���ª�—�‹�†�•
• Excessive bisphosphonate administration

• Hypomagnesaemia
• Hypovitaminosis D

���‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‹�•���‘�ˆ���‹�‘�•�‹�œ�‡�†���Š�›�’�‘�…�ƒ�Ž�…�ƒ�‡�•�‹�ƒ�ä�����‹�ƒ�‰�•�‘�•�‡�•���‹�•��
italics are those encountered most frequently in clinical 

�’�”�ƒ�…�–�‹�…�‡�ä

5.7

Clinical signs
Low serum iCa2+ leads to increased excitability of neuro -
muscular tissue. Common clinical signs include muscle 
tremors, facial rubbing, behavioural changes, stiff gait, 
panting and hyperthermia. If severe, the patient may exhibit 
tetany, ECG changes (prolonged QT interval) and hypo-
tension. Ultimately, severe hypocalcaemia can cause res-
piratory arrest and death.

Treatment
In the patient presenting with signs of tetany, urgent treat -
ment with intravenous calcium is warranted. Calcium glu -
conate (10%) is given slowly intravenously to effect. The 
typical dose is 0.5–1.5 ml/kg administered over 10–20  
minutes. Patients should be monitored by ECG during 
administration, if possible. The infusion should be discon -
tinued if the patient becomes bradycardic or develops a 
short QT interval. If an ECG is not available, pulse quality 
and heart rate should be monitored closely. Following  
resolution of the immediate crisis, supplementation with 
calcium gluconate can be continued if necessary as an 
intravenous infusion. The dose required is very variable 
dependent on the cause of the hypocalcaemia, ranging 
from 1–15 mg elemental calcium/kg/h. Subcutaneous 
administration is not recommended. Calcium chloride is an 
alternative formulation, but it is caustic and should only be 
administered with extreme care intravenously and never 
subcutaneously. Calcium gluconate contains 9.3 mg ele -
mental calcium per ml, whereas calcium chloride contains 
27.2 mg elemental calcium per ml.

In critically ill patients with stable asymptomatic hypo -
calcaemia, treatment may not be necessary and the 
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hypocalcaemia may resolve with the underlying disease; 
although hypocalcaemia has been associated with a 
poorer prognosis, there is no evidence that treatment 
would impact this. However, if subtle clinical signs exist or 
the ionized calcium is progressively falling, treatment with 
addition of a constant rate infusion (CRI) of calcium to the 
fluid regime should be considered. If the underlying cause 
of hypocalcaemia cannot be resolved, chronic manage -
ment with oral vitamin D or calcium supplementation may 
be required.

Magnesium
Magnesium is measured less frequently than the other 
electrolytes; however, a small number of clinical studies 
have shown magnesium abnormalities to be present in a 
high proportion of critically ill dogs and cats (Martin et al ., 
1994; Toll et al., 2002). In human medicine hypomag-
nesaemia is one of the most commonly seen electrolyte 
disturbances in critically ill patients. Magnesium has a role 
in many intracellular processes, including the synthesis and 
degradation of DNA, oxidative phosphorylation and the 
production of second messengers (e.g. cAMP). It is also 
important for normal cardiac and neuromuscular function 
and is involved with potassium regulation at the level of the 
kidney. Clinical signs associated with hypomagnesaemia 
include refractory hypokalaemia, cardiac conduction dis -
turbances and increased neuromuscular excitability. The 
incidence and clinical importance of these signs has yet to 
be determined in small animal patients; however, normal -
ization of serum magnesium levels is recommended  
if serum magnesium is low and one or more compat  - 
ible clinical signs are present (Humphrey et al., 2015). 
Magnesium sulphate or mag nesium chloride should be 
administered as a slow intra venous infusion at a dose of 
0.375–0.5 mmol/kg/day. As the magnesium ion is divalent, 
1 mmol/l is equivalent to 2 mEq/l.

Magnesium is excreted through the kidneys, therefore 
hypermagnesaemia is most commonly seen in patients 
with reduced glomerular filtration rate, and generally does 
not require specific treatment. Hypermagnesaemia asso -
ciated with iatrogenic overdose has been reported 
(Jackson and Drobatz, 2004).

Acid–base abnormalities
Maintenance of pH within a strict range is essential for  
normal cellular function, as many intracellular enzymatic 
processes are pH-dependent. On a daily basis, the body 
produces large amounts of both carbon dioxide (also 
called volatile acid) as a by-product of the metabolism of 
carbohydrate and fat, and hydrogen ions (H +) as a by-
product of the metabolism of proteins and phospholipids. 
The car bon dioxide is excreted through the lungs and the 
hydrogen ions are excreted through the kidneys. Carbon 
dioxide is an acid in solution due to its ability to combine 
with water, in the presence of carbonic anhydrase, to pro -
duce carbonic acid:

CO2 + H2O �¥ H 2CO3 �¥ H + + HCO3
–

To facilitate handling of the daily acid load, the body 
has several buffer systems, the most important of which  
is bicarbonate. Other buffers include haemoglobin and 

plasma proteins. Bicarbonate is constantly regenerated 
and added back to the circulation by the kidneys. Many 
pathological processes affect the body’s ability to maintain 
a normal pH.

Measurement of acid–base status in emergency and 
critically ill patients has many uses including:

• Early identification of some diagnoses, e.g. 
ketoacidosis in a vomiting patient with an unexplained 
metabolic acidosis

• Production and refinement of complete problem and 
differential diagnosis lists

• Monitoring response to therapy, e.g. resolution of lactic 
acidosis in a patient with hypovolaemic shock following 
appropriate fluid therapy

• Prompting specific treatment when the acid–base 
abnormality is severe enough to be life-threatening, 
e.g. starting (or increasing) artificial ventilation of 
patients with severe hypercarbia (PaCO2 >60 mmHg)

• Optimizing therapy for an individual patient, e.g. choice 
of 0.9% NaCl as opposed to a fluid with lower chloride 
concentration for use in a patient with a 
hypochloraemic metabolic alkalosis.

Interpretation of acid–base abnormalities is often re-
garded as challenging and there is ongoing debate about 
the best way to interpret results in patients with complex 
acid–base disturbances. However, for the majority of 
patients the traditional approach to blood gas interpreta -
tion, utilizing pH, partial pressure of CO 2 (PCO2) and bicar-
bonate (or base excess), provides sufficient information for 
effective clinical use.

�+�L�Ä�U�P�[�P�V�U�Z
• pH: a familiar measure of acidity/alkalinity calculated as 

the negative log of the hydrogen ion concentration.
• Acidaemia: blood pH <7.35.
• Alkalaemia: blood pH >7.45.
• Acidosis: a process that tends to lead to acidaemia. It 

may not result in acidaemia if there is adequate 
compensation, or if there is a concurrent process 
tending to lead to alkalaemia.

• Alkalosis: a process that tends to lead to alkalaemia. It 
may not result in alkalaemia if there is adequate 
compensation or if there is a concurrent process 
tending to lead to acidaemia.

• Respiratory acidosis/alkalosis: where the process 
leading to the acid–base disturbance involves 
abnormalities of the concentration (partial pressure) of 
the volatile acid carbon dioxide.

• Metabolic acidosis/alkalosis: where the process 
leading to the acid–base disturbance involves 
abnormalities of acid/alkali other than carbon dioxide.

• Base excess (BE): a calculated value that is a reflection 
of the non-respiratory portion of acid–base balance. It 
takes into account all of the body’s buffer systems and 
is closely (but not linearly) related to bicarbonate. A 
negative value indicates the presence of a metabolic 
acidosis whereas a positive value indicates the 
presence of a metabolic alkalosis.

• Compensation: mechanisms by which the body 
attempts to maintain a normal pH despite disturbances 
in the acid–base status. With a primary metabolic 
acid–base disturbance, compensation is via the 
respiratory system, with alterations in ventilation and 
the excretion of carbon dioxide. This respiratory 
compensation occurs very rapidly over minutes to 
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hours. With a primary respiratory acid–base 
disturbance, there is compensation on the metabolic 
side, by alterations in the excretion of acid load through 
the kidneys. This metabolic compensation occurs 
gradually over days. Compensation can be very 
effective and may return the pH to within the normal 
range. Importantly, overcompensation never occurs.

• Primary acid–base disturbance: the initial (usually the 
most severe) disturbance in acid–base status. Primary 
acid–base disturbances may be accompanied by 
compensatory changes. Examples might include a cat 
with urethral obstruction and a primary metabolic 
acidosis secondary to reduced renal excretion of the 
daily acid load. This cat may also be tachypnoeic, as 
acidosis leads to an increase in minute ventilation, 
producing a compensatory respiratory alkalosis.

• Mixed acid–base disturbances: more than one primary 
acid–base disturbance occurring concurrently. 
Examples might include:
• A patient with pneumonia and septic shock. This 

patient may have a respiratory alkalosis, as it 
increases ventilation to try to maximize 
oxygenation, and a metabolic (lactic) acidosis 
secondary to the septic shock and inadequate 
tissue perfusion

• A dog with pyloric obstruction and vomiting of 
gastric contents, which is also in hypovolaemic 
shock. This patient may have a metabolic alkalosis 
secondary to vomiting of hydrochloric acid-rich 
stomach contents, and a metabolic (lactic) acidosis 
secondary to hypovolaemic shock and reduced 
tissue perfusion. This patient may have a normal pH 
at presentation because the two primary processes 
balance each other out, but could become 
significantly alkalaemic as the shock is treated with 
intravenous fluids.

Approximate reference values for acid–base para-
meters in arterial blood are shown in Figure 5.8. Venous 
blood differs slightly because carbon dioxide produced by 
tissue metabolism has been added as it passes through 
the capillary bed, therefore venous blood tends to have a 
slightly lower pH and higher P CO2. In all situations other 
than complete circulatory collapse venous blood is  
considered to be adequate for assessment of acid–base 
status (Ilkiw et al., 1991).

Parameter Dog Cat

pH �[�ä�W�Y���[�ä�X�Z �[�ä�W�U���[�ä�X�Z

P���� �V (mmHg) 31–43 �V�Y���W�[

������ 3
– (mmol/l) �U�\���V�Z �U�X���V�V

Base excess (BE) ���X���–�‘���ª�V ���X���–�‘���ª�V

Approximate normal values for acid–base parameters in 
�ƒ�”�–�‡�”�‹�ƒ�Ž���„�Ž�‘�‘�†�ä��

�����ƒ�•�‡�†���‘�•�����ƒ�•�•�‹�•�•�á���U�]�\�W��

5.8

summarized in Figure 5.9 and discussed in more detail in 
Chapter 7. In animals with chronic respiratory acid–base 
disturbances, the kidneys can compensate by altering net 
acid excretion and bicarbonate resorption. Treatment  
for respiratory acid–base disturbances involves resolution 
of the under lying problem or, if severe, intubation with 
mechanical ventilation to normalize PCO2. Bicarbonate 
should not be administered to patients with severe respir -
atory acidosis. In this situation, bicarbonate is ineffective 
in improving the acidosis (and may actually worsen acido -
sis) as the patient is unable to excrete the carbon dioxide 
formed as the bicarbonate combines with hydrogen ions. 
Bicarbonate administration also has the theoretical poten -
tial to cause several detrimental effects, including worsen -
ing hypoxaemia, paradoxical cerebrospinal fluid acidosis 
and hypotension.

Metabolic acid–base disturbances
Metabolic acid–base disturbances occur as a result of 
alterations in the non-volatile (i.e. non-carbon dioxide) 
acids in the blood. A metabolic alkalosis implies that acid 
has been lost from the body. A metabolic acidosis implies 
that an acid has been added or generated within the body, 
or that bicarbonate (the principal buffer) has been lost from 
the body. The anion gap can be used to help distinguish 
between these two categories.

Causes of metabolic acid–base disturbances are sum -
marized in Figure 5.10. Respiratory compensation for  
primary metabolic disturbances occurs rapidly and is often 
very effective, therefore the plasma pH may be close to 
normal. Treatment for metabolic acid–base disturbances 
involves resolution of the underlying problem (e.g. fluid 
therapy for lactic acidosis, insulin therapy for ketoacido -
sis). In animals with severe metabolic acidosis (pH <7.2) in 
which the primary disturbance cannot be resolved quickly, 
it may be necessary to administer bicarbonate. The bicar -
bonate deficit is calculated as below:

Bicarbonate deficit = bodyweight (kg) x base excess x 0.3

One-third of the calculated deficit is administered by 
slow intravenous infusion over 15–30 minutes and the 
acid–base status is reassessed. If necessary, the remain-
der can be added to the patient’s intravenous fluids and 
delivered over a period of hours.

Respiratory acidosis (hypoventilation)

• Upper airway obstruction
• Respiratory centre depression
• ���‡�•�–�”�ƒ�Ž���•�‡�—�”�‘�Ž�‘�‰�‹�…�ƒ�Ž���†�‹�•�‡�ƒ�•�‡��
• ���”�—�‰�•�����‡�ä�‰�ä���ƒ�•�ƒ�‡�•�–�Š�‡�•�‹�ƒ��
• ���‡�—�”�‘�•�—�•�…�—�Ž�ƒ�”���†�‹�•�‡�ƒ�•�‡�����‡�ä�‰�ä���•�›�ƒ�•�–�Š�‡�•�‹�ƒ���‰�”�ƒ�˜�‹�•�á��

polyradiculoneuritis, botulism)
• ���‡�•�–�”�‹�…�–�‹�˜�‡���†�‹�•�‡�ƒ�•�‡�����‡�ä�‰�ä���’�•�‡�—�•�‘�–�Š�‘�”�ƒ�š�á���’�Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•��
• ���‡�•�’�‹�”�ƒ�–�‘�”�›���•�—�•�…�Ž�‡���ˆ�ƒ�–�‹�‰�—�‡�����‡�ä�‰�ä���•�‡�˜�‡�”�‡���’�ƒ�”�‡�•�…�Š�›�•�ƒ�Ž���†�‹�•�‡�ƒ�•�‡��
• Inadequate mechanical ventilation

Respiratory alkalosis (hyperventilation)

• Hypoxaemia (severe)
• Pulmonary parenchymal disease 
• Hyperthermia
• Pain
• Fear/stress
• Exercise
• Neurological disease
• Excessive mechanical ventilation

���ƒ�—�•�‡�•���‘�ˆ���”�‡�•�’�‹�”�ƒ�–�‘�”�›���ƒ�…�‹�†���„�ƒ�•�‡���†�‹�•�–�—�”�„�ƒ�•�…�‡�•�ä5.9

Respiratory acid–base disturbances
Respiratory acid–base disturbances occur secondary to 
alterations in the concentration (partial pressure) of car-
bon dioxide (PCO2) in the blood. Because carbon dioxide 
is an acid in solution, an increase in PCO2 leads to a res-
piratory acidosis and a decrease in P CO2 leads to a  
respiratory alkalosis. As blood levels of carbon dioxide are 
determined by the state of alveolar ventilation, the causes 
of respir atory acidosis and alkalosis are identical to those 
for hypo-and hyperventilation, respectively. These are 
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Interpreting acid–base results
Interpretation of acid–base results involves integrating the 
information provided by the pH, P CO2 and base excess  
(or bicarbonate). All three parameters should be looked at 
every time an acid–base panel is reviewed. Electrolyte  
values are also essential for full interpretation, especially of 
metabolic acidosis. The following points should be used 
when interpreting acid–base results in clinical patients. 
Expected patterns are summarized in Figure 5.11.

Metabolic acidosis

• High anion gap (normochloraemic)
• Diabetic ketoacidosis
• Lactic acidosis
• Uraemic acidosis
• ���‘�š�‹�•�•�����‡�ä�‰�ä���‡�–�Š�›�Ž�‡�•�‡���‰�Ž�›�…�‘�Ž�á���•�ƒ�Ž�‹�…�›�Ž�ƒ�–�‡�•��

• Normal anion gap (hyperchloraemic)
• Diarrhoea
• Renal tubular acidosis
• ���”�—�‰�•�����‡�ä�‰�ä���…�ƒ�”�„�‘�•�‹�…���ƒ�•�Š�›�†�”�ƒ�•�‡���‹�•�Š�‹�„�‹�–�‘�”�•��
• Dilutional acidosis

Metabolic alkalosis

• Associated with hypochloraemia
• Vomiting
• Diuretic therapy
• Following hypercapnia

• Not typically associated with hypochloraemia
• Primary hyperaldosteronism
• Hyperadrenocorticism

���ƒ�—�•�‡�•���‘�ˆ���•�‡�–�ƒ�„�‘�Ž�‹�…���ƒ�…�‹�†���„�ƒ�•�‡���†�‹�•�–�—�”�„�ƒ�•�…�‡�•�ä�����‹�ƒ�‰�•�‘�•�‡�•���‹�•��italics 
�ƒ�”�‡���–�Š�‘�•�‡���‡�•�…�‘�—�•�–�‡�”�‡�†���•�‘�•�–���ˆ�”�‡�“�—�‡�•�–�Ž�›���‹�•���…�Ž�‹�•�‹�…�ƒ�Ž���’�”�ƒ�…�–�‹�…�‡�ä5.10

Expected patterns of acid–base parameter changes in 
�’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���’�”�‹�•�ƒ�”�›���ƒ�…�‹�†���„�ƒ�•�‡���†�‹�•�–�—�”�„�ƒ�•�…�‡�•�ä�����”�‡�•�†�•���‹�•��

�’�ƒ�”�‡�•�–�Š�‡�•�‡�•���‹�•�†�‹�…�ƒ�–�‡���ƒ���…�‘�•�’�‡�•�•�ƒ�–�‘�”�›���”�‡�•�’�‘�•�•�‡�ä���������¯���„�ƒ�•�‡���‡�š�…�‡�•�•�ä

5.11

Disorder pH PCO2 BE Bicarbonate

Metabolic 
acidosis

�? (�?) Negative �?

Metabolic 
alkalosis

�B (�B) Positive �B

Respiratory 
acidosis

�? �B (Positive) (�B)

Respiratory 
alkalosis

�B �? (Negative) (�?)

may be because there has been insufficient time  
for compensation, or because there is a second 
primary acid–base process that is preventing the 
expected compensation.

5. If pH is normal, look at PCO2 and BE:
• If both PCO2 and BE are abnormal, the patient has 

either a fully compensated acid–base disturbance 
or two primary processes that are effectively 
cancelling each other out. These scenarios can  
be difficult to distinguish. Clinical information may 
be helpful. Also remember that overcompensation 
does not occur. In most patients with a fully 
compensated acid–base disturbance the pH  
will be only just within the normal range, and the 
direction of deviation from 7.4 will indicate the 
primary process

• If both PCO2 and BE are normal, then either the 
patient is normal or the patient has a primary 
metabolic acidosis and a concurrent primary 
metabolic alkalosis. Along with the clinical picture, 
the patient’s electrolytes should help identify  
the latter group, as they will almost always  
be hypochloraemic.

Examples of acid–base disturbances, explanations of 
interpretation, and major differential diagnoses to consider 
are given below.

1. Look at the pH:
• Is it acidaemic (pH <7.4), alkalaemic (pH >7.4) or 

normal (pH approximately 7.4)?
2. If acidaemia is present, determine whether it is 

respiratory or metabolic in origin:
• If PCO2 >45 mmHg, there is a primary respiratory 

acidosis
• If BE is negative (or bicarbonate <18 mmol/l), there 

is a primary metabolic acidosis.
3. If alkalaemia is present, determine whether it is 

respiratory or metabolic in origin:
• If PCO2 <33 mmHg, there is a primary respiratory 

alkalosis
• If BE is positive (or bicarbonate >24 mmol/l), there is 

a primary metabolic alkalosis.
4. Following on from point 2 or 3 above, assess whether 

the patient has evidence of compensation, and 
whether this appears to be adequate. Expected 
compensation for primary acid–base disturbances  
is shown in Figure 5.12. Inadequate compensation 

Disorder Primary 
change

Expected compensatory 
response

Metabolic acidosis �?���������� 3
–] �T�ä�[���•�•���‰���†�‡�…�”�‡�ƒ�•�‡���‹�•��P���� �V for 

�‡�ƒ�…�Š���U���•�•�‘�Ž���Ž���†�‡�…�”�‡�ƒ�•�‡���‹�•����������3
–]

Metabolic alkalosis �B [H���� 3
–] �T�ä�[���•�•���‰���‹�•�…�”�‡�ƒ�•�‡���‹�•��P���� �V for 

�‡�ƒ�…�Š���U���•�•�‘�Ž���Ž���‹�•�…�”�‡�ƒ�•�‡���‹�•����������3
–]

Acute respiratory 
acidosis

�B P���� �V �U�ä�Y���•�•�‘�Ž���Ž���‹�•�…�”�‡�ƒ�•�‡���‹�•����������3
–] for 

each 10 mmHg increase in P�����V

���Š�”�‘�•�‹�…���”�‡�•�’�‹�”�ƒ�–�‘�”�›��
acidosis

�B P���� �V �W�ä�Y���•�•�‘�Ž���Ž���‹�•�…�”�‡�ƒ�•�‡���‹�•����������3
–] for 

each 10 mmHg increase in P�����V

Acute respiratory 
alkalosis

�? P���� �V �V�ä�Y���•�•�‘�Ž���Ž���†�‡�…�”�‡�ƒ�•�‡���‹�•����������3
–] for 

each 10 mmHg decrease in P�����V

���Š�”�‘�•�‹�…���”�‡�•�’�‹�”�ƒ�–�‘�”�›��
alkalosis

�? P���� �V �Y�ä�Y���•�•�‘�Ž���Ž���†�‡�…�”�‡�ƒ�•�‡���‹�•����������3
–] for 

each 10 mmHg decrease in P�����V

Expected renal and respiratory compensation for primary 
�ƒ�…�‹�†���„�ƒ�•�‡���†�‹�•�–�—�”�„�ƒ�•�…�‡�•���‹�•���†�‘�‰�•�ä

�����‘�†�‹�¤�‡�†���ˆ�”�‘�•�����‹���ƒ�”�–�‘�Ž�ƒ�á���V�T�U�V�ƒ��

5.12

Example 1
pH 7.48
PCO2 27 mmHg
BE –1
HCO3

– 19 mmol/l

Interpretation:  acute respiratory alkalosis. The pH  
is increased, indicating an alkalaemia, and the low 
PCO2 confirms that this is a primary respiratory 
alkalosis. There is no compensation, indicating that  
it is acute. Common differential diagnoses would 
include a dog that is stressed, in pain or 
hyperthermic, or an animal that is hyperventilating  
to improve oxygenation. If clinically indicated,  
pulse oximetry or arterial blood gas analysis  
with assessment of arterial partial pressure of 
oxygen (PaO2) (see Chapter 7) should be performed.
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The anion gap
The anion gap is a concept that can be used to help deter -
mine whether a metabolic acidosis was caused by addition 
of an acid or by loss of bicarbonate. The anion gap is cal -
culated using the following formula:

Anion gap = ([Na+] + [K+]) – ([Cl–] + [HCO3
– ])

The body must maintain electroneutrality (i.e. the  
number of cations in the body must equal the number  
of anions). The total number of cations in blood includes 
sodium, potassium and others, for example calcium and 
magnesium, which are not included in this equation and are 
therefore termed ‘unmeasured’. Similarly, a number of ‘un-
measured’ anions are not included in this equation, for 
example sulphates and phosphates. The presence of a 
small anion gap in normal animals simply tells us that there 
are more unmeasured anions than unmeasured cations. A 
normal anion gap is 10–27 in cats and 8–25 in dogs. An 
acidosis with a normal anion gap implies that no additional 
unmeasured anions are present in the blood, thus loss  
of bicarbonate is the cause of the acidosis. Conversely, an 
acidosis with a high anion gap implies the presence of  

an unmeasured anion (e.g. lactate, ketones, salicylate) and 
hence addition or generation of an acid within the body 
(Figure 5.13). It is now possible to measure many of these 
unmeasured anions, and hence the usefulness of the anion 
gap approach is reduced.
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Example 2
pH 7.31
PCO2 28 mmHg
BE –8
HCO3

– 12 mmol/l

Interpretation:  compensated metabolic acidosis.  
The pH is decreased, indicating an acidaemia. The 
negative BE and low bicarbonate confirm that this is a 
primary metabolic acidosis. The carbon dioxide is 
decreased in compensation, and the magnitude of the 
decrease is appropriate. If the abnormal carbon 
dioxide was the primary process, it would tend to lead 
to an alkalaemia, which is not present in this patient. 
An underlying cause for the acidaemia should be 
sought. Common differential diagnoses include lactic 
acidosis (with poor perfusion and shock), ketoacidosis 
or uraemia.

Example 3
pH 7.40
PCO2 22 mmHg
BE –12
HCO3

– 10 mmol/l

Interpretation:  this patient has a normal pH but  
both the BE/bicarbonate and P CO2 are very abnormal. 
The low BE/bicarbonate implies a metabolic acidosis 
and the low PCO2 implies a respiratory alkalosis. 
Considering that the pH is close to the middle of the 
normal range and the BE/bicarbonate and P CO2 are 
more extreme than would be expected for 
compensation, this is likely to represent two primary 
processes that are effectively cancelling each other 
out in terms of pH. The differential diagnosis lists for 
both metabolic acidosis and respiratory alkalosis 
should be considered when evaluating a complete 
problem list for this patient and deciding upon further 
diagnostic tests and treatment. Treatment aimed at 
only one of the processes may lead to worsening of 
the pH as the other process can then predominate.

Non-traditional acid–base analysis
The value of acid–base analysis in patient care revolves 
around its ability to enhance diagnosis and treatment of 
critically ill animals. A major criticism of the traditional 
approach to acid–base interpretation, as described above, 
is that even with the use of the anion gap, it does not fully 
identify disease processes that contribute to a metabolic 
acid–base disturbance. Further, it does not fully recognize 
and integrate the fact that changes in electrolytes and pro -
teins have an impact on the acid–base status of the 
patient. This has led to development of the non-traditional 
approach to acid–base analysis, also known as the strong 
ion or Stewart approach.

Put simply, the Stewart approach considers there to  
be three independent variables that impact acid–base  
balance: the partial pressure of CO2 (this is identical to  
the respiratory component in the traditional approach), the 
difference between strong (fully dissociated) cations and 
anions, known as the strong ion difference (SID), and total 

Ch05 Emergency.indd   53 22/02/2018   15:31



BSAVA Manual of Canine and Feline Emergency and Critical Care

54

weak acids (Atot), which predominantly comprises of albu -
min and phosphate. Acid–base abnormalities may arise 
due to changes in any of these three variables.

The traditional approach to acid–base analysis works 
very well for the majority of patients, however, in some crit -
ically ill patients with complex disease processes including 
changes in protein levels and water balance, the Stewart 
approach can provide additional insight to the underlying 
nature and relative severity of their problems. A full expla -
nation of the process and equations used to apply this 
method to real patients is beyond the scope of this chapter 
and the interested reader is referred to other sources 
(Hopper, 2015).

Conclusion
Acid–base disturbances occur frequently in critically ill 
patients. In many circumstances, treatment of the under -
lying disease leads to resolution of the acid–base problem, 
and improvement in pH can be a sign that treatment is 
succeeding. In more complex cases, an understanding of 
acid–base physiology and ability to interpret blood gas 
parameters can lead to improved patient care in terms of 
both completeness of the diagnostic evaluation and opti -
mization of the treatment plan for that individual patient.
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Cardiovascular emergencies

�1�V�Z�t���5�V�]�V���4�H�[�V�Z���H�U�K���5�\�H�S�H���:�\�T�T�L�Y�Ä�L�S�K

Emergency approach in cases 
suspected of cardiovascular 
disease
Patients presenting with cardiovascular emergencies  
are often unstable and quick decisions are necessary. The 
following approach is recommended:

1. Obtain a brief and focused history.
2. Perform a rapid and targeted physical examination.
3. Perform a brief echocardiographic examination and 

electrocardiogram (ECG).
4. Make a presumptive diagnosis allowing decision- 

making and initiation of therapy/stabilization procedures.

It is important to keep in mind the main causes of cardio  - 
vascular compromise in small animals, so that specific 
features of each condition can be looked for. The clinical 
signs and main cardiovascular differential diagnoses are 
summarized in Figure 6.1.

History and initial stabilization
This is an important step in understanding the patient’s pre -
senting problem(s) and to guide further diagnostic testing. In 
an emergency setting the history has to be taken rapidly 
and efficiently. The following are important questions to ask:

• For how long has the patient had these clinical signs?
• Has a cardiac condition previously been diagnosed? 

Clinical signs Causes ���‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‹�•

Dyspnoea
Tachypnoea

Pulmonary oedema (dogs) Myxomatous mitral valve disease, dilated cardiomyopathy

���Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•�����†�‘�‰�•�� It is rare for dogs in congestive heart failure (CHF) to present with isolated pleural 
�‡�¡�—�•�‹�‘�•�ä�����Š�‡�•���’�”�‡�•�‡�•�–�á���‹�–���‹�•���–�›�’�‹�…�ƒ�Ž�Ž�›���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���ƒ�•�…�‹�–�‡�•���‹�•���…�ƒ�•�‡�•���‘�ˆ���”�‹�‰�Š�–�æ�•�‹�†�‡�†�������	��
�‘�”���™�‹�–�Š���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•���‹�•���…�ƒ�•�‡�•���‘�ˆ���…�ƒ�”�†�‹�ƒ�…���–�ƒ�•�’�‘�•�ƒ�†�‡

Pulmonary oedema (cats)
���Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•�����…�ƒ�–�•��

���›�’�‡�”�–�”�‘�’�Š�‹�…���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�á���”�‡�•�–�”�‹�…�–�‹�˜�‡���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�á���—�•�…�Ž�ƒ�•�•�‹�¤�‡�†��
cardiomyopathy, dilated cardiomyopathy

���‡�ƒ�•�•�‡�•�•
Collapse
Syncope

���‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•�����†�‘�‰�•�� Haemangiosarcoma, heart base tumour (chemodectoma), mesothelioma, idiopathic 
pericarditis

Bradyarrhythmias ���Š�‹�”�†�æ�†�‡�‰�”�‡�‡���ƒ�–�”�‹�‘�˜�‡�•�–�”�‹�…�—�Ž�ƒ�”���„�Ž�‘�…�•�����†�‘�‰�•�á���…�ƒ�–�•���á���•�‹�…�•���•�‹�•�—�•���•�›�•�†�”�‘�•�‡�����†�‘�‰�•���á���ƒ�–�”�‹�ƒ�Ž��
standstill (dogs)

Ventricular tachyarrhythmias Dilated cardiomyopathy (dogs), arrhythmogenic right ventricular cardiomyopathy, 
(dogs, cats), hypertrophic cardiomyopathy (cats)

Supraventricular tachyarrhythmias Dilated cardiomyopathy (dogs), arrhythmogenic right ventricular cardiomyopathy 
hypertrophic cardiomyopathy (cats), severe myxomatous mitral valve disease (dogs),  
primary supraventricular tachycardia (dogs, cats)

Pulmonary hypertension (dogs) ���›�š�‘�•�ƒ�–�‘�—�•���•�‹�–�”�ƒ�Ž���˜�ƒ�Ž�˜�‡���†�‹�•�‡�ƒ�•�‡�á���Ž�—�•�‰���¤�„�”�‘�•�‹�•�á���’�—�Ž�•�‘�•�ƒ�”�›���–�Š�”�‘�•�„�‘�‡�•�„�‘�Ž�‹�•�•�á��
�…�‘�•�‰�‡�•�‹�–�ƒ�Ž���Š�‡�ƒ�”�–���†�‹�•�‡�ƒ�•�‡���…�ƒ�—�•�‹�•�‰���”�‹�‰�Š�–�æ�–�‘�æ�Ž�‡�ˆ�–���•�Š�—�•�–�á���Ž�—�•�‰�™�‘�”�•����Angiostrongylus 
vasorum), heartworm (���‹�”�‘�¤�Ž�ƒ�”�‹�ƒ���‹�•�•�‹�–�‹�•)

Abdominal 
enlargement

Ascites
Hepatomegaly

���‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•�á���’�—�Ž�•�‘�•�ƒ�”�›���Š�›�’�‡�”�–�‡�•�•�‹�‘�•�á���–�”�‹�…�—�•�’�‹�†���†�›�•�’�Ž�ƒ�•�‹�ƒ�á���ƒ�”�”�Š�›�–�Š�•�‘�‰�‡�•�‹�…��
right ventricular cardiomyopathy

Cough Left atrial enlargement (dogs)
Pulmonary oedema (dogs)

Myxomatous mitral valve disease, dilated cardiomyopathy
(cats rarely cough with pulmonary oedema)

Paresis Arterial thromboembolism (cats) ���›�’�‡�”�–�”�‘�’�Š�‹�…���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�á���—�•�…�Ž�ƒ�•�•�‹�¤�‡�†���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�á���”�‡�•�–�”�‹�…�–�‹�˜�‡��
cardiomyopathy, dilated cardiomyopathy

Cyanosis ���‘�•�‰�‡�•�‹�–�ƒ�Ž���”�‹�‰�Š�–�æ�–�‘�æ�Ž�‡�ˆ�–���•�Š�—�•�–���‡�˜�‡�”�•�‡���’�ƒ�–�‡�•�–���†�—�…�–�—�•���ƒ�”�–�‡�”�‹�‘�•�—�•�����†�‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���…�›�ƒ�•�‘�•�‹�•���á�����‡�–�”�ƒ�Ž�‘�‰�›���‘�ˆ���	�ƒ�Ž�Ž�‘�–�á���˜�‡�•�–�”�‹�…�—�Ž�ƒ�”��
septal defect with Eisenmenger syndrome

���‡�˜�‡�”�‡���Ž�‹�ˆ�‡�æ�–�Š�”�‡�ƒ�–�‡�•�‹�•�‰���’�—�Ž�•�‘�•�ƒ�”�›���‘�‡�†�‡�•�ƒMyxomatous mitral valve disease, dilated cardiomyopathy, feline cardiomyopathies

���Ž�‹�•�‹�…�ƒ�Ž���•�‹�‰�•�•�á���…�ƒ�—�•�‡�•���ƒ�•�†���†�‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‡�•���‘�ˆ���–�Š�‡���…�‘�•�•�‘�•���…�ƒ�”�†�‹�‘�˜�ƒ�•�…�—�Ž�ƒ�”���‡�•�‡�”�‰�‡�•�…�‹�‡�•���‹�•���•�•�ƒ�Ž�Ž���ƒ�•�‹�•�ƒ�Ž�•�ä6.1
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• Is the patient currently taking any cardiac or other 
medications?

• In a cat with dyspnoea/tachypnoea, has the owner 
noticed the cat coughing? If yes, the problem is more 
likely to be due to primary respiratory tract disease 
(e.g. asthma)

• In cats with acute congestive heart failure (CHF), it is 
common to identify precipitating events such as recent 
fluid administration, anaesthesia/surgery or cortico -
steroid administration; the presence of any precipitating 
factors in the recent history should be explored

• Has the owner noticed any stridor (harsh, high-pitched 
respiratory sound), stertor (snoring), nasal discharge or 
change in meowing/barking? These suggest 
nasopharyngeal/laryngeal disease

• Exercise intolerance may be associated with CHF in 
dogs, but this is seldom reported in cats as cats tend 
to lead relatively sedentary lives. If exercise intolerance 
has been observed, has the owner noticed a bluish 
tongue (cyanosis) during exercise? This may be 
consistent with severe pulmonary oedema or cyanotic 
congenital heart disease, but in these cases the 
exercise intolerance would also be associated with 
exertional dyspnoea. Primary respiratory diseases 
such as severe lung disease or upper airway 
obstruction may also cause cyanosis

• Possible onset of abdominal distension should be 
evaluated; it is worth enquiring whether the patient has 
gained weight in the last 2–3 weeks, as free fluid 
causing abdominal distension is often perceived by the 
owner as a rapid, recent weight gain

• In a patient presented for syncope/collapse, a clear 
description of the event is vital. Differentiation from a 
seizure may be very difficult or impossible based solely 
on the history from the owner, but there are some typical 
clinical features that may help to make the distinction. 
The following questions are important to ask:
• What happened just before the event? Events 

occurring during/after exercise, coughing or stress 
are likely to be syncopal; on the other hand, 
prodromal signs (changes in behaviour, attitude) are 
suggestive of seizure

• What happened during the event? During a 
syncopal episode the patient is generally flaccid, 
while during a seizure the patient may be rigid 
(tonic), have tonic–clonic movements, may void 
urine/faeces, salivate and may vocalize. However, it 
should be borne in mind that a syncopal event may 
occasionally be characterized by opisthotonos, 
extensor rigidity, voiding of urine and vocalization. 
Cats with syncope may even show focal facial 
clonic movements resembling seizures, making the 
diagnosis quite challenging

• How did the dog/cat recover from the event? A 
rapid recovery suggests syncope, while a slow, 
protracted recovery with disorientation and 
behavioural changes is more typical of a seizure. 
The typical syncopal episode is characterized as a 
short loss of postural tone and consciousness, 
which is induced by stressful situations or exercise, 
with spontaneous and rapid recovery. There are 
cases in which differentiation from a seizure may be 
difficult, such as when a longer syncopal episode 
induces a hypoxic seizure. In these cases, the 
precise description of the first part of the event, 
which will be characterized by flaccid collapse, is 
important so that syncope is still considered and 
specific work-up is performed

• How long did the event last? This can be a difficult 
question for the owner to answer because, at the 
time, the owner is distressed and anxious and 
therefore may find it difficult to assess time 
accurately. Framing the question in a specific way, 
such as ‘Did the event last less than 1 minute or 
around 5 minutes?’, may help the owner to have a 
better perception of time and help the clinician to 
understand how long the event lasted. Syncopal 
episodes are usually short (less than 30 seconds 
and typically less than 10 seconds).

Although history taking is presented here as the first 
step in the approach to a cardiovascular emergency, this is 
not always possible. In an unstable patient (e.g. severe 
dyspnoea, collapse), a quick physical examination and ini -
tial measures to stabilize the patient may need to precede 
the history. If the patient is presented in lateral recumbency 
or has collapsed shortly before presentation, a more useful 
approach would be a rapid physical examination followed 
immediately by a short echocardiogram and ECG (see 
U-SEE approach below). A dyspnoeic patient will benefit 
from receiving oxygen, ideally in an oxygen cage in  
the emergency room where it can be observed while the  
history is being taken. In a large-breed dog where this may 
not be possible, flow-by or mask oxygen may be adequate.

It should be borne in mind that even minimal handling 
of these unstable patients can cause life-threatening res -
piratory decompensation. The prompt administration of 
oxygen and potentially cautious sedation are key. It is 
important not to try to do too much at once and to allow 
the unstable patient to have periods between procedures 
where it can become calm in an oxygen-enriched environ -
ment. In these cases, sedation can also be very useful to 
minimize the patient’s stress and facilitate initial examina -
tion and stabilization. Although sedation may affect heart 
rate, myocardial contractility, ventricular wall thickness and 
systemic blood pressure, some protocols are relatively 
safe and will not affect echocardiographic and electro -
cardiographic variables in a clinically significant way 
(Figure 6.2). However, care must be taken to monitor res-
piratory function in all sedated patients, as some protocols 
that are safe with regard to cardiovascular function can 
cause mild respiratory depression. If respiratory function is 
borderline, this can be sufficient to precipitate respiratory 
decompensation. Clinicians should be prepared to monitor 
and if necessary intubate and provide respiratory support 
to all sedated patients.

Physical examination
The physical examination should be fast and targeted. 
When the patient is not in an immediately life-threatening 
state, a short period of time should be taken to observe 
the animal’s breathing pattern and to count the respira -
tory rate before handling. In patients with abnormal 
breathing, the physical examination should be performed 
carefully and with minimal restraint. This is especially 
important in dyspnoeic cats, as stress can rapidly lead  
to a life-threatening situation. The patient should be 
assessed with the goal of finding signs suggestive of a 
cardiovascular abnormality and evaluating the best 
means of acute stabilization. The key components of a 
rapid examination of the cardiovascular system are to 
check the colour of the oral mucous membranes, perform 
lung and heart auscultation, assess jugular veins, per-
form abdominal palpation (soft and gentle; avoid if the 
patient is dyspnoeic), assess femoral pulses, and then 
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check rectal/penile/vaginal mucous membrane colour. 
Pale mucous membranes suggest anaemia or peripheral 
vasoconstriction. Anaemia is an important differential 
diagnosis as it may mimic primary cardiovascular disease 
by inducing tachypnoea, a heart murmur and cardio -
megaly on radiography/echocardiography.

Findings suggestive of underlying heart disease 
include the presence of a heart murmur, arrhythmias,  
gallop sounds, jugular distension/pulsation, restrictive 
respiratory patterns and abnormal lung auscultation (e.g. 
muffled respiratory sounds ventrally, which may be sug -
gestive of pleural effusion (not necessarily due to CHF), 
and pulmonary crackles). Cardiac auscultation is in  
general very helpful in dogs to rule in or out relevant heart 
disease. Dogs presenting with CHF secondary to myxo -
matous mitral valve disease (MMVD) have a loud systolic 
left apical heart murmur (grade III/VI or louder). Dogs pre-
senting with dilated cardiomyopathy (DCM) and CHF may 
be more challenging to diagnose based on cardiac aus -
cultation findings. Not all dogs with DCM have a heart 
murmur, but, if present, it is typically a soft left apical 
systolic murmur. A gallop sound (S3) or arrhythmia may 
also be detected in dogs with DCM. In cats, cardiac aus -
cultation may be completely unremarkable, even with  
significant underlying structural heart disease and overt 
heart failure. It is also important to remember that some 
cats with structurally normal hearts may have a non-path -
ological, physiological flow murmur. More useful auscul -
tation findings in cats are gallop sounds and arrhythmias. 
Heart rate may be helpful in dogs to assess the likelihood 
of CHF; patients with normal heart rates and sinus 
arrhythmia are unlikely to be in CHF. In cats, heart rate is 
a less useful indicator in this respect as many cats pre -
sented to an emergency clinic have stress-related tachy -
cardia and some cats with heart failure have a normal or 
low heart rate. Lung auscultation may be unremarkable 
even in the face of radiographically evident lung oedema; 
crackles are not always present and in fact most of the 
time will not be detected. Instead, increased broncho -
vesicular sounds may be the only abnormality. It is also 
important to remember that crackles are not specific for 
lung oedema and may be detected in patients with pneu -
monia, pulmonary haemorrhage (especially contusions 
post-trauma) and lung fibrosis.

In cases presenting for collapse/weakness, a careful 
cardiac auscultation and pulse evaluation should be per -
formed to evaluate for paroxysmal arrhythmias, sustained 
bradycardia or tachycardia (most frequent causes of syn -
cope are severe bradyarrhythmias or tachyarrhythmias), 
pulse deficits, muffled heart sounds and/or weak pulses. 
The last two signs are suggestive of pericardial effusion. If 
the owner describes rear limb weakness rather than gen -
eralized weakness, the femoral pulses should be checked 
to determine whether they are palpable bilaterally, with 
equal strength; if not, aortic thromboembolism should be 
considered. Most cases of distal aortic thromboembolism 
in cats present with overt paresis or paralysis. A reverse 
patent ductus arteriosus (PDA) (right-to-left shunt) may 
present as posterior weakness, and it is important to eval -
uate mucous membrane colour in the cranial and caudal 
mucosae for differential cyanosis (pink oral mucosa, bluish 
penile/vaginal mucosa).

In patients presenting with abdominal distension, the 
jugular veins should be evaluated for pulsation/congestion 
(clipping or wetting the fur over the jugular groove in the 
neck will help with this assessment). The patient should 
also be examined for the presence of hepatomegaly and/
or ascites (fluid wave by abdominal percussion). The pres-
ence of all three signs is suggestive of right-sided CHF.

To assess the presence/type of cough, the trachea 
may be gently palpated. The most frequent cause of 
cough associated with heart disease is compression  
of the left mainstem bronchus by an enlarged left atrium 
(± bronchomalacia), typically seen with MMVD. Lung 
oedema per se does not necessarily induce cough. Cats 
rarely cough due to pulmonary oedema, although they 
may open-mouth breathe.

Urgent standing echocardiogram and 
electrocardiogram (U-SEE)
Focused ultrasonography in an emergency setting is widely 
used in human medicine, and is gaining popularity in veteri -
nary medicine. Ultrasound machines are increasingly avail-
able, and with some basic knowledge a large amount of 
useful information may be gathered with minimal patient 
manipulation, restraint and stress. Focused ultrasono -
graphy in emergency cases was first used in trauma 
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patients (thoracic/abdominal focused assessment with 
sonography for trauma (tFAST/aFAST); see Chapters 1 and 
24), but has evolved as a useful screening tool for non-
trauma patients as well. In veterinary medicine, an addi -
tional focused thoracic ultrasound examination has been 
proposed for patients with respiratory distress, the VetBlue 
lung scan (Lichtenstein and Meziere, 2008).

In addition to the very brief assessment performed as 
part of the FAST scan, a more comprehensive echocardio -
graphic examination can be undertaken in the emergency 
room. Focused cardiac ultrasound (FOCUS) is indicated in 
humans in several clinical scenarios, such as dyspnoea, 
cardiac trauma, hypotension/shock and cardiac arrest 
(Labovitz et al., 2010). Based on the protocols already 
described for emergency ultrasonography, the authors 
have proposed a more comprehensive approach combin -
ing echocardiography and electrocardiography for the 
assessment of a suspected cardiovascular emergency.

Urgent standing echocardiogram and electrocardio -
gram (U-SEE) evaluation is suggested as the initial step in 
the approach to any patient presenting as a cardiovascular 
emergency. The aim is to provide a fast and efficient 
screening examination in the emergency room, allowing 

assessment of whether the cause of the presenting clinical 
signs is cardiogenic in origin. The U-SEE assessment is 
divided into two parts: a brief echocardiographic examin -
ation and a lead II ECG, both of which are performed with 
the patient standing or in sternal recumbency. The evalua -
tion should be performed with minimal restraint and in  
the position that seems the most comfortable and least 
stressful for the patient. The short echocardiographic 
examination cannot and is not intended to replace a com -
prehensive echocardiographic evaluation. The aim is to 
evaluate whether the presenting complaints are caused by 
primary cardiac disease and to decide the best therapy  
or procedure to stabilize the patient. In the large majority  
of cardiovascular emergencies a definitive diagnosis (i.e. 
‘the name of the disease’) is not needed for initial emer -
gency therapy. For a definitive diagnosis, comprehensive 
echocardio  graphy will be needed once the patient has 
been stabilized.

While performing U-SEE, it is important to keep in mind 
the physical examination findings and the most frequently 
encountered types of canine and feline heart diseases; this 
will help focus the examination, making it faster and more 
efficient (Figures 6.3 to 6.9). U-SEE is intended to be  
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Syncope/weakness

U-SEE ECG

Go to Figure 6.4

Narrow QRS complex

Most likely
sinus tachycardia

Wide QRS complex

Regular RR interval
with/without visible P waves

Irregularly irregular, 
no P waves

Other SVT
(e.g. AT, AVRT, JT)

<160 bpm >160 bpm

Treat CHF

Interspersed with sinus bradycardia ± 
sinus arrest; predisposed breeds

for sick sinus syndrome (e.g. WHWT,
Miniature Schnauzer)

No emergency antiarrhythmic
therapy necessary; investigate

underlying primary cardiac
or systemic disease

Tachyarrhythmia

���–�”�‹�ƒ�Ž���¤�„�”�‹�Ž�Ž�ƒ�–�‹�‘�•

Amiodarone i.v., orally d

Sustained SVT – direct current cardioversion

No

No

No

Yes

Yes

Yes

No

or

CHF

Hypovolaemia, anaemia,
fever or pain?

Ventricular response rate

Diltiazem + digoxin b orally

Atenolol a + digoxin b orally

Address primary cause

Address primary cause

No

No

Atenolol a orallyDiltiazem orallySotalol a orallyAmiodarone orally

Sustained SVT

Esmolol a i.v.

Lidocaine i.v.

Diltiazem i.v., orallySick sinus syndrome

Sotalol i.v.

SVT

If ventricular response
rate still >160 bpm

Conversion
to sinus
rhythm?

Once there is conversion to
normal sinus rhythm c or decreased 

ventricular response rate

Consider pacemaker
implantation ±
therapy for SVT
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Dyspnoea/tachypnoea

U-SEE ECHO

Cardiac
tamponade

Likely non-
cardiogenic

���Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•���‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�• ���‘���‡�¡�—�•�‹�‘�•

���–�Š�‡�”���†�‹�¡�‡�”�‡�•�–�‹�ƒ�Ž��
�†�‹�ƒ�‰�•�‘�•�‡�•�ã
���� ���‡�‘�’�Ž�ƒ�•�‹�ƒ
• FIP (cat)
• Coagulopathy

���� �	�Ž�—�‹�†���ƒ�•�ƒ�Ž�›�•�‹�•�á���…�›�–�‘�Ž�‘�‰�›
• Thoracic radiography

���‡�”�‹�…�ƒ�”�†�‹�‘�…�‡�•�–�‡�•�‹�•

HCM phenotype DCM phenotype DCM phenotypeRCM or UCM Likely MMVD

���Š�‘�”�ƒ�…�‘�…�‡�•�–�‡�•�‹�•

Treat CHF ±
�–�Š�‘�”�ƒ�…�‘�…�‡�•�–�‡�•�‹�•

Dilated LV with
�’�‘�‘�”���•�›�•�–�‘�Ž�‹�…��

function

���•�…�‡���•�–�ƒ�„�Ž�‡�á���•�‡�ƒ�•�—�”�‡
�„�Ž�‘�‘�†���’�”�‡�•�•�—�”�‡���ƒ�•�†��
�•�‡�”�—�•�����X�����³�Z���›�”�•��

IVSd and/or LVFWd
�³�Z���•�•

IVSd and/or LVFWd
�²�Z���•�•

Dilated LA ± RA
���‘�”�•�ƒ�Ž���������•�›�•�–�‘�Ž�‹�…

function

IVSd and/or LVFWd
�²�Z���•�•

Dilated LA ± RA
Dilated LV with

�’�‘�‘�”���•�›�•�–�‘�Ž�‹�…���ˆ�—�•�…�–�‹�‘�•

���‘�‘�•���ˆ�‘�”���–�Š�‡���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���’�Š�‡�•�‘�–�›�’�‡�•
during echocardiography

���•�Ž�ƒ�”�‰�‡�†���������…�Š�ƒ�•�„�‡�”
Normal/hyperkinetic LV motion

Thick mitral valve

Likely non-
cardiogenic

Thoracic 
radiography

���‘�Ž�Ž�ƒ�’�•�‡�†���������ƒ�•�†���‘�”������

CHF
Pulmonary 
oedema ±

�’�Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•

No���‡�•

No���‡�•

No ���‡�•

Cat Dog

No���‡�•

Primary cardiac
�†�‹�•�‡�ƒ�•�‡�ë

Dog a or cat
���‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•���¬���ƒ�•�…�‹�–�‡�•

Cat
�������‘�”���������³�U�[���•�•

�‘�”�����������‘���³�U�ä�Z

Cat
�������³�U�Z���•�•���‘�”��

���������‘���³�U�ä�Z��

Dog
���������‘���³�U�ä�Z

���æ���������ƒ�’�’�”�‘�ƒ�…�Š���‹�•���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���†�›�•�’�•�‘�‡�ƒ���–�ƒ�…�Š�›�’�•�‘�‡�ƒ�ä��a It should be noted that it is rare for dogs in congestive heart failure (CHF) to present 
�™�‹�–�Š���‹�•�‘�Ž�ƒ�–�‡�†���’�Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•�ä�����Š�‡�•���’�”�‡�•�‡�•�–�á���‹�–���‹�•���ƒ�Ž�•�‘�•�–���ƒ�Ž�™�ƒ�›�•���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���ƒ�•�…�‹�–�‡�•���‹�•���…�ƒ�•�‡�•���‘�ˆ���”�‹�‰�Š�–�æ�•�‹�†�‡�†�������	���‘�”���™�‹�–�Š���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•��

�‹�•���…�ƒ�•�‡�•���‘�ˆ���…�ƒ�”�†�‹�ƒ�…���–�ƒ�•�’�‘�•�ƒ�†�‡�ä�����‘���¯���ƒ�‘�”�–�ƒ�â�����������¯���†�‹�Ž�ƒ�–�‡�†���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�â���	�������¯���ˆ�‡�Ž�‹�•�‡���‹�•�ˆ�‡�…�–�‹�‘�—�•���’�‡�”�‹�–�‘�•�‹�–�‹�•�â�����������¯���Š�›�’�‡�”�–�”�‘�’�Š�‹�…���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�â���������†���¯��
�‹�•�–�‡�”�˜�‡�•�–�”�‹�…�—�Ž�ƒ�”���•�‡�’�–�—�•���‹�•���†�‹�ƒ�•�–�‘�Ž�‡�â���������¯���Ž�‡�ˆ�–���ƒ�–�”�‹�—�•�â���������¯���Ž�‡�ˆ�–���˜�‡�•�–�”�‹�…�Ž�‡�â�������	���†���¯���Ž�‡�ˆ�–���˜�‡�•�–�”�‹�…�—�Ž�ƒ�”���ˆ�”�‡�‡���™�ƒ�Ž�Ž���‹�•���†�‹�ƒ�•�–�‘�Ž�‡�â�������������¯���•�›�š�‘�•�ƒ�–�‘�—�•���•�‹�–�”�ƒ�Ž���˜�ƒ�Ž�˜�‡��
�†�‹�•�‡�ƒ�•�‡�â���������¯���”�‹�‰�Š�–���ƒ�–�”�‹�—�•�â�����������¯���”�‡�•�–�”�‹�…�–�‹�˜�‡���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�â���������¯���”�‹�‰�Š�–���˜�‡�•�–�”�‹�…�Ž�‡�â�����������¯���—�•�…�Ž�ƒ�•�•�‹�¤�‡�†���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�ä

6.7
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Abdominal enlargement

U-SEE ECHO

U-SEE ECG���‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•

���ƒ�”�†�‹�ƒ�…���–�ƒ�•�’�‘�•�ƒ�†�‡

���–�”�—�…�–�—�”�ƒ�Ž���Š�‡�ƒ�”�–���†�‹�•�‡�ƒ�•�‡

Go to Figures 
6.4–6.5

���‹�•�‡�Ž�›���•�‘�•�æ
�…�ƒ�”�†�‹�‘�‰�‡�•�‹�…

���‹�•�‡�Ž�›���•�‘�•�æ
�…�ƒ�”�†�‹�‘�‰�‡�•�‹�…

���‹�‰�Š�–�æ�•�‹�†�‡�†�������	
���Š�‡�…�•���ˆ�‘�”�ã

���‘�Ž�Ž�ƒ�’�•�‡�†���������ƒ�•�†���‘�”��
�������‹�•���†�‹�ƒ�•�–�‘�Ž�‡

���� ���‡�’�ƒ�–�‘�•�‡�‰�ƒ�Ž�›
���� ���‘�•�‰�‡�•�–�‡�†���Š�‡�’�ƒ�–�‹�…���˜�‡�‹�•�•������
�� �î�„�—�•�•�›���•�‹�‰�•�ï
���� ���‹�Ž�ƒ�–�‡�†���…�ƒ�—�†�ƒ�Ž���˜�‡�•�ƒ���…�ƒ�˜�ƒ

���„�†�‘�•�‹�•�ƒ�Ž���‡�¡�—�•�‹�‘�•

���„�†�‘�•�‹�•�‘�…�‡�•�–�‡�•�‹�•

���ƒ�…�Š�›�ƒ�”�”�Š�›�–�Š�•�‹�ƒ�ë

���‡�”�‹�…�ƒ�”�†�‹�‘�…�‡�•�–�‡�•�‹�•

���–�ƒ�”�–�������	���–�Š�‡�”�ƒ�’�›
���”�ƒ�†�›�ƒ�”�”�Š�›�–�Š�•�‹�ƒ�ë

���•�…�‹�–�‡�•

Go to Figure 6.6

���‘

���‘

���‡�•

���‡�•

�	�Ž�—�‹�†���ƒ�•�ƒ�Ž�›�•�‹�•�á���…�›�–�‘�Ž�‘�‰�›
�¬���…�‘�•�’�Ž�‡�–�‡���ƒ�„�†�‘�•�‹�•�ƒ�Ž

�—�Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�’�Š�›

���‘�•�’�Ž�‡�–�‡
�‡�…�Š�‘�…�ƒ�”�†�‹�‘�‰�”�ƒ�’�Š�‹�…

�‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•���•�‡�…�‡�•�•�ƒ�”�›

���‘�•�’�Ž�‡�–�‡���ƒ�„�†�‘�•�‹�•�ƒ�Ž
�—�Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�’�Š�›���¬
�‰�‡�•�‡�”�ƒ�Ž���„�Ž�‘�‘�†�™�‘�”�•

���æ���������ƒ�’�’�”�‘�ƒ�…�Š���‹�•���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���ƒ�„�†�‘�•�‹�•�ƒ�Ž���‡�•�Ž�ƒ�”�‰�‡�•�‡�•�–�ä�������	���¯���…�‘�•�‰�‡�•�–�‹�˜�‡���Š�‡�ƒ�”�–���ˆ�ƒ�‹�Ž�—�”�‡�â�������
���¯���‡�Ž�‡�…�–�”�‘�…�ƒ�”�†�‹�‘�‰�”�ƒ�•�â���������¯���”�‹�‰�Š�–���ƒ�–�”�‹�—�•�â�� 
�������¯���”�‹�‰�Š�–���˜�‡�•�–�”�‹�…�Ž�‡�ä6.8

performed by all practitioners undertaking emergency 
work, not only by cardiologists, although a good basic 
know ledge of cardiology, echocardiography and electro -
cardio graphy will be necessary. To help acquire the skills 
necessary to perform a good U-SEE examination, it is im-
perative to gain experience in patients with normal cardio  - 
vascular status, to become familiar with normal cardiac 
dimensions and function.

If an ultrasound machine is not available, thoracic  
radiographs should be taken as a matter of urgency (when 
the patient is sufficiently stable) to evaluate cardiac size, 
the pulmonary vessels, the caudal vena cava and the  
pulmonary parenchyma. Radiographs are very helpful and 
in certain cases will be necessary to reach a diagnosis  
and plan therapy (see below for specific radiographic 
images and descriptions).
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Paresis/paralysis

U-SEE ECHO

LA thrombus

Cardiogenic ATE unlikely

Start therapy for ATE

Cardiogenic ATE likely

Protein-losing
nephropathy

���’�‡�…�‹�¤�…���–�Š�‡�”�ƒ�’�›

Start therapy for ATE

Protein-losing
enteropathy

Thoracic radiography

Pulmonary neoplasia Hyperadrenocorticism

���ˆ���”�‡�ƒ�”���Ž�‹�•�„�•���ƒ�¡�‡�…�–�‡�†�á��
ultrasound examination of the 
abdominal aorta to check for a 
thrombus may be undertaken

�
�‡�•�‡�”�ƒ�Ž���„�Ž�‘�‘�†�™�‘�”�•�á���—�”�‹�•�ƒ�Ž�›�•�‹�•�á��
UPC ± complete abdominal ultrasonography

���ˆ���—�•�…�Ž�‡�ƒ�”�á���•�‡�ƒ�•�—�”�‡�ã
• Local glucose �?
• Local lactate �B
• Systemic CK �B�B

Severely dilated LA

No

No

Yes

± ±

Yes

IMHANeoplasia

Positive echocardiographic
contrast (�ðsmoke’)

in LA

Further tests needed to
investigate causes of
non-cardiogenic ATE

Neurological or
orthopaedic cause

more likely

���‡�’�‡�ƒ�–���’�Š�›�•�‹�…�ƒ�Ž���‡�š�ƒ�•�‹�•�ƒ�–�‹�‘�•�ã��
paresis/paralysis + absent or weak pulse ± 

�’�ƒ�‹�•���¬���’�ƒ�Ž�‡���…�›�ƒ�•�‘�–�‹�…���’�ƒ�†�•�á���•�ƒ�‹�Ž���„�‡�†�•���¬��
cold distal limbs or pads

���æ���������ƒ�’�’�”�‘�ƒ�…�Š���‹�•���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���’�ƒ�”�‡�•�‹�•���’�ƒ�”�ƒ�Ž�›�•�‹�•�ä�����������¯���ƒ�”�–�‡�”�‹�ƒ�Ž���–�Š�”�‘�•�„�‘�‡�•�„�‘�Ž�‹�•�•�â���������¯���…�”�‡�ƒ�–�‹�•�‡���•�‹�•�ƒ�•�‡�â�������������¯���‹�•�•�—�•�‡�æ�•�‡�†�‹�ƒ�–�‡�†��
�Š�ƒ�‡�•�‘�Ž�›�–�‹�…���ƒ�•�ƒ�‡�•�‹�ƒ�â���������¯���Ž�‡�ˆ�–���ƒ�–�”�‹�—�•�â�����������¯���—�”�‹�•�‡���’�”�‘�–�‡�‹�•�ã�…�”�‡�ƒ�–�‹�•�‹�•�‡���”�ƒ�–�‹�‘�ä6.9

U-SEE echocardiography
An echocardiographic examination performed in the emer -
gency room should be short and targeted so that as much 
information as possible is gathered without compromising 
the patient. The U-SEE echocardiographic examination 
comprises four different views/regions, each with specific 
goals. The first two views aim to assess the heart and the 
last two views the thoracic and abdominal cavities.

First, a right parasternal long-axis (RPLA) four-chamber 
view (Figure 6.10a) should be acquired to evaluate the atria, 
atrioventricular (AV) valves, ventricles and pericardial space. 
Next, a right parasternal short-axis (RPSA) view at the level 

of the heart base (Figure 6.10b) should be acquired to 
assess the left atrium (LA) and pericardial space.

With these two views, it is important to begin by subjec -
tively assessing the dimensions and function of the cardiac 
chambers, before starting to take measurements. Echo -
cardiographic measurements are prone to error and may 
have a large inter- and intra-operator variability, especially in 
less experienced hands. Thus, before taking any measure-
ments, the quality of the echocardiographic image should 
be optimized. Particular attention should be paid to cardiac 
chamber size, independently and in relation to the other car -
diac chambers, how strong/vigorous is the ventricular myo -
cardial contraction, the thickness of the ventricular walls, 
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>17 mm is associated in the majority of cases with left-
sided CHF (Smith and Dukes-McEwan, 2012). In cats, the 
LA may be measured on either a RPLA or RPSA view. On 
the RPLA view, the diameter of the LA is measured parallel 
to the plane of the mitral valve annulus, dissecting the 
atrium into two equal halves. This measurement is taken  
at end-systole (i.e. just before mitral valve opening). The 
cursor should measure the atrium from the interatrial sep -
tum to the free wall (anteroposterior dimension) (Figure 
6.11). The right atrium (RA) can be measured in a similar 
fashion and using the same cut-off values.

In dogs, a RPSA view is preferable for assessing LA 
size because the LA can be compared with the size of the 
aorta (Ao) to give a dimensionless measurement (or ratio), 
so that breed-specific values are not necessary. A normal 
LA/Ao ratio is <1.6. The aortic diameter should be meas -
ured by drawing a line from the commissure between the 
left coronary and non-coronary cusps to the middle of  
the right coronary cusp, and the LA size can be measured 
by extending this line to the edge of the atrial free wall 
(Figure 6.12). The RPSA view can be used in the same 
manner in cats to assess LA size.

The LA is significantly enlarged in almost all cases of 
left-sided CHF (i.e. dogs presenting with lung oedema, and 
cats presenting with lung oedema and/or pleural effusion). 
Uncommon exceptions include acute rupture of the major 
chordae tendineae supporting the mitral valve leaflets in 
dogs with previously mild MMVD and in cats whenever a 
patient with compensated heart disease is exposed to an 
acute event, such as large volumes of fluid therapy. In both 
situations the LA does not have time to significantly dilate 
and may be only mildly dilated at presentation. These 
exceptions can usually be diagnosed by echocardiographic 
evaluation of the mitral valve movement/morphology in the 
first case and a detailed recent history in the second. In 
cases of mitral valve chordal rupture, the leaflets display a 
chaotic movement, resulting in the free edge of the valve 
leaflet (usually the anterior mitral valve leaflet) pointing back 
into the LA during systolic closure (i.e. flail leaflet)  
(Figure 6.13).

In addition to size assessment, the atria should be 
evaluated for the presence of spontaneous echocardio -
graphic contrast (‘smoke’). This is a risk factor for throm -
bosis and is a very important finding along with atrial 

the appearance of the AV valves (i.e. do they open properly, 
do they look thick?) and if there is any fluid around the 
heart. The subjective impression of cardiac dimensions and 
function is the most important assessment in an emergency 
scenario. There is no need for complex measurements of 
function or dimension; basic measurements should serve to 
confirm the first impression of the clinician.

The thorax and abdomen should be evaluated for  
pleural and abdominal effusion, respectively. For clinicians 
with more advanced ultrasonography expertise, the liver 
should be assessed for signs of venous congestion, and in 
cases of suspected arterial thromboembolism, the terminal 
abdominal aorta can be evaluated for the presence of  
a thrombus.

Atrial assessment: Atrial size is one of the most important 
parameters to be assessed during U-SEE echocardio -
graphy. Atrial enlargement reflects increased ventricular fill -
ing pressures, which indicates the severity and chronicity 
of heart disease, and importantly, the clinical relevance of 
the cardiac disease to the presenting signs of the patient.

In cats presented for dyspnoea, LA dimension has been 
shown to be a very good parameter to distinguish between 
left-sided CHF and respiratory disease. A LA dimension 

���‹�‰�Š�–���’�ƒ�”�ƒ�•�–�‡�”�•�ƒ�Ž���Ž�‘�•�‰�æ�ƒ�š�‹�•���ˆ�‘�—�”�æ�…�Š�ƒ�•�„�‡�”���˜�‹�‡�™���‹�•���ƒ���…�ƒ�–���™�‹�–�Š��
�Š�›�’�‡�”�–�”�‘�’�Š�‹�…���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�����‘�„�–�ƒ�‹�•�‡�†���Œ�—�•�–���„�‡�ˆ�‘�”�‡���•�‹�–�”�ƒ�Ž��

�˜�ƒ�Ž�˜�‡���‘�’�‡�•�‹�•�‰���ä�����Š�‡���ƒ�–�”�‹�ƒ���…�ƒ�•���„�‡���ƒ�•�•�‡�•�•�‡�†���—�•�‹�•�‰���–�Š�‹�•���˜�‹�‡�™�ä�����Š�‡��
measurement should be obtained parallel to the mitral or tricuspid valve 
�ƒ�•�•�—�Ž�—�•�á���†�‹�•�•�‡�…�–�‹�•�‰���–�Š�‡���ƒ�–�”�‹�—�•���‹�•�–�‘���–�™�‘���‡�“�—�ƒ�Ž���’�ƒ�”�–�•�ä�����Š�‡���…�—�”�•�‘�”���•�Š�‘�—�Ž�†���„�‡��
�’�Ž�ƒ�…�‡�†���‹�•���–�Š�‡���‹�•�–�‡�”�ƒ�–�”�‹�ƒ�Ž���•�‡�’�–�—�•���ƒ�•�†���ƒ���Ž�‹�•�‡���†�”�ƒ�™�•���–�‘���–�Š�‡���ƒ�–�”�‹�ƒ�Ž���ˆ�”�‡�‡���™�ƒ�Ž�Ž�ä�����•��
this case, the left atrium (LA) was measured and shown to be dilated at 
�V�X���•�•�����•�‘�”�•�ƒ�Ž���²�U�Z���•�•���ä

6.11

���ƒ�������‹�‰�Š�–���’�ƒ�”�ƒ�•�–�‡�”�•�ƒ�Ž���Ž�‘�•�‰�æ�ƒ�š�‹�•���ˆ�‘�—�”�æ�…�Š�ƒ�•�„�‡�”���˜�‹�‡�™���‹�•���ƒ���•�‘�”�•�ƒ�Ž��
�†�‘�‰���ƒ�–���‡�•�†�æ�•�›�•�–�‘�Ž�‡���Œ�—�•�–���„�‡�ˆ�‘�”�‡���•�‹�–�”�ƒ�Ž���˜�ƒ�Ž�˜�‡���‘�’�‡�•�‹�•�‰�ä���	�”�‘�•���–�Š�‹�•��

view it is possible to assess the atria, atrioventricular valves, ventricles 
�ƒ�•�†���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���•�’�ƒ�…�‡�ä�����„�������‹�‰�Š�–���’�ƒ�”�ƒ�•�–�‡�”�•�ƒ�Ž���•�Š�‘�”�–�æ�ƒ�š�‹�•���˜�‹�‡�™���ƒ�–���–�Š�‡���Ž�‡�˜�‡�Ž���‘�ˆ��
�–�Š�‡���Š�‡�ƒ�”�–���„�ƒ�•�‡���‹�•���ƒ���•�‘�”�•�ƒ�Ž���†�‘�‰���ƒ�–���‡�•�†�æ�•�›�•�–�‘�Ž�‡���„�‡�ˆ�‘�”�‡���ƒ�‘�”�–�‹�…���˜�ƒ�Ž�˜�‡��
�‘�’�‡�•�‹�•�‰�����‹�ä�‡�ä���Œ�—�•�–���ƒ�ˆ�–�‡�”���–�Š�‡�������™�ƒ�˜�‡���‘�•���–�Š�‡�������
���ä���	�”�‘�•���–�Š�‹�•���˜�‹�‡�™���‹�–���‹�•��
�’�‘�•�•�‹�„�Ž�‡���–�‘���ƒ�•�•�‡�•�•���–�Š�‡���Ž�‡�ˆ�–���ƒ�–�”�‹�—�•�����•�‹�œ�‡�á���’�”�‡�•�‡�•�…�‡���‘�ˆ���î�•�•�‘�•�‡�ï�á���–�Š�”�‘�•�„�—�•����
�ƒ�•�†���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���•�’�ƒ�…�‡�ä�����‘���¯���ƒ�‘�”�–�ƒ�â���������¯���Ž�‡�ˆ�–���ƒ�–�”�‹�—�•�â���������¯���Ž�‡�ˆ�–���˜�‡�•�–�”�‹�…�Ž�‡�â�� 
�������¯���”�‹�‰�Š�–���ƒ�–�”�‹�—�•�â���������¯���”�‹�‰�Š�–���˜�‡�•�–�”�‹�…�Ž�‡�ä
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���‹�‰�Š�–���’�ƒ�”�ƒ�•�–�‡�”�•�ƒ�Ž���Ž�‘�•�‰�æ�ƒ�š�‹�•���ˆ�‘�—�”�æ�…�Š�ƒ�•�„�‡�”���˜�‹�‡�™���‹�•���ƒ���†�‘�‰���™�‹�–�Š��
myxomatous mitral valve disease and rupture of a primary 

�•�‹�–�”�ƒ�Ž���˜�ƒ�Ž�˜�‡���…�Š�‘�”�†�ƒ���–�‡�•�†�‹�•�‡�ƒ�ä�����•���…�ƒ�•�‡�•���‘�ˆ���•�ƒ�Œ�‘�”���…�Š�‘�”�†�ƒ�Ž���”�—�’�–�—�”�‡�á���–�Š�‡��
�ƒ�¡�‡�…�–�‡�†���˜�ƒ�Ž�˜�‡���Ž�‡�ƒ�ª�‡�–���™�‹�Ž�Ž���†�‹�•�’�Ž�ƒ�›���ƒ���…�Š�ƒ�‘�–�‹�…���î�ª�ƒ�‹�Ž�‹�•�‰�ï���•�‘�˜�‡�•�‡�•�–���ƒ�•�†���–�Š�‡��
ruptured chorda is displaced into the left atrium (LA) when the mitral 
�˜�ƒ�Ž�˜�‡���…�Ž�‘�•�‡�•���‹�•���•�›�•�–�‘�Ž�‡�����ƒ�”�”�‘�™�‡�†���ä���������¯���Ž�‡�ˆ�–���˜�‡�•�–�”�‹�…�Ž�‡�ä
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���‹�‰�Š�–���’�ƒ�”�ƒ�•�–�‡�”�•�ƒ�Ž���Ž�‘�•�‰�æ�ƒ�š�‹�•���ˆ�‘�—�”�æ�…�Š�ƒ�•�„�‡�”���˜�‹�‡�™�•���‹�•���–�™�‘���…�ƒ�–�•��
�™�‹�–�Š���”�‡�•�–�”�‹�…�–�‹�˜�‡���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�ä�����ƒ���������Ž�ƒ�”�‰�‡���ƒ�•�‘�—�•�–���‘�ˆ��

�•�’�‘�•�–�ƒ�•�‡�‘�—�•���‡�…�Š�‘�…�ƒ�”�†�‹�‘�‰�”�ƒ�’�Š�‹�…���…�‘�•�–�”�ƒ�•�–���‹�•���˜�‹�•�‹�„�Ž�‡���‹�•���–�Š�‡���Ž�‡�ˆ�–���ƒ�–�”�‹�—�•�����������ä��
���•���”�‡�ƒ�Ž�æ�–�‹�•�‡���–�Š�‹�•���‹�•���•�‡�‡�•���ƒ�•���î�•�•�‘�•�‡�ï�����‹�ä�‡�ä���•�’�‘�•�–�ƒ�•�‡�‘�—�•���‡�…�Š�‘�…�ƒ�”�†�‹�‘�‰�”�ƒ�’�Š�‹�…��
�…�‘�•�–�”�ƒ�•�–�����•�™�‹�”�Ž�‹�•�‰���ƒ�”�‘�—�•�†���–�Š�‡���ƒ�–�”�‹�—�•�ä�����Š�‹�•���‹�•���–�›�’�‹�…�ƒ�Ž�Ž�›���•�‡�‡�•���‹�•���•�‡�˜�‡�”�‡�Ž�›��
�†�‹�Ž�ƒ�–�‡�†���ƒ�–�”�‹�ƒ���ƒ�•�†���‹�•���ƒ���•�ƒ�”�•�‡�”���‘�ˆ���‹�•�…�”�‡�ƒ�•�‡�†���–�Š�”�‘�•�„�‘�‡�•�„�‘�Ž�‹�…���”�‹�•�•�ä�����„���������Ž�ƒ�”�‰�‡��
�–�Š�”�‘�•�„�—�•���‹�•���•�‡�‡�•���‹�•�•�‹�†�‡���–�Š�‡�������ä���������¯���Ž�‡�ˆ�–���˜�‡�•�–�”�‹�…�Ž�‡�â���������¯���”�‹�‰�Š�–���ƒ�–�”�‹�—�•�ä
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(a)

(b)

If a more objective measurement is desired, an 
M-mode image just below the level of the mitral valve can 
be obtained to assess LV motion through calculation of 
fractional shortening (FS, expressed as a percentage). The 
M-mode cursor should transect the ventricle perpendicu -
larly. A hyperkinetic ventricle will show FS above the  
normal range (>45%), whilst a significantly hypokinetic 
ventricle will have values <15%. Care should be taken in 
cases where the image is suboptimal as FS assessment is 
highly prone to error and, as previously mentioned, the 
subjective impression alone is highly reliable to a trained 
eye (Figure 16.15).

Hypertrophic cardiomyopathy (HCM) is the most com -
mon cause of feline CHF and/or arterial thrombosis. In 
these cases, the LV wall will be markedly thickened (Figure 
6.16). The wall thickness should be measured at end- 
diastole (just after mitral valve closure) and the thickest 
segments should be chosen for measurement. Values  
>6 mm are considered abnormal. It is important to empha -
size that false-positive results can be easily obtained from 
suboptimal (oblique) images.

In restrictive cardiomyopathy (RCM), both atria are 
severely dilated, with LV wall thicknesses appearing  

���‹�‰�Š�–���’�ƒ�”�ƒ�•�–�‡�”�•�ƒ�Ž���•�Š�‘�”�–�æ�ƒ�š�‹�•���˜�‹�‡�™���ƒ�–���–�Š�‡���Ž�‡�˜�‡�Ž���‘�ˆ���–�Š�‡���Š�‡�ƒ�”�–���„�ƒ�•�‡��
in a dog with myxomatous mitral valve disease and severe left 

�ƒ�–�”�‹�ƒ�Ž���†�‹�Ž�ƒ�–�ƒ�–�‹�‘�•�ä�����Š�‹�•���˜�‹�‡�™���…�ƒ�•���„�‡���—�•�‡�†���–�‘���•�‡�ƒ�•�—�”�‡���–�Š�‡���†�‹�•�‡�•�•�‹�‘�•���‘�ˆ���–�Š�‡��
�Ž�‡�ˆ�–���ƒ�–�”�‹�—�•�������������‹�•���„�‘�–�Š���†�‘�‰�•���ƒ�•�†���…�ƒ�–�•�ä�����•���–�Š�‡���¤�”�•�–���‹�•�•�–�ƒ�•�…�‡���–�Š�‡���ƒ�‘�”�–�ƒ�������‘����
should be measured by drawing a line from the commissure between 
�–�Š�‡���Ž�‡�ˆ�–���…�‘�”�‘�•�ƒ�”�›���…�—�•�’���ƒ�•�†���–�Š�‡���•�‘�•�æ�…�‘�”�‘�•�ƒ�”�›���…�—�•�’���–�‘���–�Š�‡���•�‹�†�†�Ž�‡���‘�ˆ���–�Š�‡��
�”�‹�‰�Š�–���…�‘�”�‘�•�ƒ�”�›���…�—�•�’�ä�����•���–�Š�‹�•���…�ƒ�•�‡�á���‹�–���•�‡�ƒ�•�—�”�‡�†���U�V�ä�V�U���•�•�ä�����Š�‡���������•�‹�œ�‡���‹�•��
�•�‡�ƒ�•�—�”�‡�†���„�›���‡�š�–�‡�•�†�‹�•�‰���–�Š�‹�•���Ž�‹�•�‡���–�‘���–�Š�‡���‡�†�‰�‡���‘�ˆ���–�Š�‡���ƒ�–�”�‹�ƒ�Ž���ˆ�”�‡�‡���™�ƒ�Ž�Ž�ä�����•���–�Š�‹�•��
�…�ƒ�•�‡�á���–�Š�‡���†�‹�•�‡�•�•�‹�‘�•���‘�ˆ���–�Š�‡���������•�‡�ƒ�•�—�”�‡�†���X�Y�ä�V�W���•�•�ä�����Š�‡�����������‘���”�ƒ�–�‹�‘���™�ƒ�•��
�†�‡�–�‡�”�•�‹�•�‡�†���–�‘���„�‡���W�ä�[�T�����•�‘�”�•�ƒ�Ž�����������‘���”�ƒ�–�‹�‘���‹�•���²�U�ä�Z���ä

6.12

dilatation in a patient with sudden-onset limb paresis/
paralysis. In some cases, a thrombus can be seen within 
the left heart chambers (typically the LA or left auricular 
appendage) (Figure 6.14).

Ventricular assessment: The left ventricle (LV) should be 
evaluated using a RPLA and/or RPSA (papillary muscle 
level) view. The main features to be assessed are the pres-
ence of eccentric or concentric hypertrophy and ventri -
cular kinesis/movement. The most common causes of 
left-sided CHF in dogs are MMVD and DCM. In both cases 
the LV will be volume overloaded, although with mitral 
valve disease the ventricle is hyperkinetic, whereas with 
DCM it is hypokinetic.
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�’�ƒ�”�ƒ�•�–�‡�”�•�ƒ�Ž���•�Š�‘�”�–�æ�ƒ�š�‹�•���˜�‹�‡�™���ƒ�–���–�Š�‡���Ž�‡�˜�‡�Ž���‘�ˆ���–�Š�‡���’�ƒ�’�‹�Ž�Ž�ƒ�”�›��

muscles in a dog with (a) myxomatous mitral valve disease and (b) 
�†�‹�Ž�ƒ�–�‡�†���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�������������ä�����Š�‡�•�‡���ƒ�”�‡���–�™�‘���‡�š�ƒ�•�’�Ž�‡�•���‘�ˆ���������‡�…�…�‡�•�–�”�‹�…��
�Š�›�’�‡�”�–�”�‘�’�Š�›���„�—�–���™�‹�–�Š���•�ƒ�”�•�‡�†���†�‹�¡�‡�”�‡�•�…�‡�•���‹�•���•�›�‘�…�ƒ�”�†�‹�ƒ�Ž���•�›�•�–�‘�Ž�‹�…���ˆ�—�•�…�–�‹�‘�•�ä��
���‘�–�‡���–�Š�‡�����ƒ�����Š�›�’�‡�”�•�‹�•�‡�–�‹�…���������•�‘�–�‹�‘�•�á���™�Š�‹�…�Š���‹�•���–�›�’�‹�…�ƒ�Ž�Ž�›���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š��
�•�‹�–�”�ƒ�Ž���”�‡�‰�—�”�‰�‹�–�ƒ�–�‹�‘�•�á���ƒ�•�†�����„�����–�Š�‡���Š�›�’�‘�•�‹�•�‡�–�‹�…���������•�‘�–�‹�‘�•�á���™�Š�‹�…�Š���†�‡�¤�•�‡�•���ƒ��
���������’�Š�‡�•�‘�–�›�’�‡�ä
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(a)

(b)

normal and systolic function apparently maintained. There 
is a subtype of RCM called the endomyocardial form, in 
which a fibrotic (scar) bridging band may be seen crossing 
the LV chamber with variable degrees of mid-ventricular 
focal thickening. Feline DCM cases are rare and character-
ized by a hypokinetic and volume overloaded LV.

The right ventricle (RV) should be assessed using a 
RPLA and/or RPSA view at the level of the papillary  
muscles. The two most frequent causes of RV eccentric 
hypertrophy are tricuspid dysplasia (Figure 6.17a) and 
moderate to severe pulmonary hypertension (in the latter, 
some degree of concentric hypertrophy is expected as 
well). Marked LV or RV concentric hypertrophy is more  
frequently seen in congenital heart diseases, namely sub-
aortic and pulmonic stenosis (Figure 6.17b), respectively.

When U-SEE is performed to assess whether the 
patient is in right- or left-sided CHF, atrial size is the most 
important piece of information that the clinician can obtain. 
A patient may have systolic dysfunction or severe LV hyper -
trophy but still be in a compensated state (i.e. have normal-
sized atria), in which case CHF is very unlikely.

���‹�‰�Š�–���’�ƒ�”�ƒ�•�–�‡�”�•�ƒ�Ž���Ž�‘�•�‰�æ�ƒ�š�‹�•���ˆ�‘�—�”�æ�…�Š�ƒ�•�„�‡�”���˜�‹�‡�™���‹�•���ƒ���…�ƒ�–���™�‹�–�Š��
�Š�›�’�‡�”�–�”�‘�’�Š�‹�…���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�ä�����Š�‡�”�‡���‹�•���•�‡�˜�‡�”�‡���˜�‡�•�–�”�‹�…�—�Ž�ƒ�”��

�Š�›�’�‡�”�–�”�‘�’�Š�›�����•�‘�”�•�ƒ�Ž���Ž�‡�ˆ�–���˜�‡�•�–�”�‹�…�—�Ž�ƒ�”���™�ƒ�Ž�Ž���–�Š�‹�…�•�•�‡�•�•���‹�•���†�‹�ƒ�•�–�‘�Ž�‡���‹�•���²�Z���•�•�â��
�‹�•���–�Š�‹�•���…�ƒ�•�‡���������™�ƒ�Ž�Ž�•���•�‡�ƒ�•�—�”�‡�†���\���]�����•�•���ä�����Š�‡���Ž�‡�ˆ�–���˜�‡�•�–�”�‹�…�—�Ž�ƒ�”���™�ƒ�Ž�Ž���•�Š�‘�—�Ž�†��
�„�‡���•�‡�ƒ�•�—�”�‡�†���ƒ�–���‡�•�†�æ�†�‹�ƒ�•�–�‘�Ž�‡�����Œ�—�•�–���ƒ�ˆ�–�‡�”���•�‹�–�”�ƒ�Ž���˜�ƒ�Ž�˜�‡���…�Ž�‘�•�—�”�‡�����ƒ�•�†���–�Š�‡��
�–�Š�‹�…�•�‡�•�–���•�‡�‰�•�‡�•�–�•���•�Š�‘�—�Ž�†���„�‡���…�Š�‘�•�‡�•���ˆ�‘�”���•�‡�ƒ�•�—�”�‡�•�‡�•�–�ä���������¯���Ž�‡�ˆ�–���ƒ�–�”�‹�—�•�â��
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���‹�‰�Š�–���’�ƒ�”�ƒ�•�–�‡�”�•�ƒ�Ž���•�Š�‘�”�–�æ�ƒ�š�‹�•���˜�‹�‡�™���ƒ�–���–�Š�‡���Ž�‡�˜�‡�Ž���‘�ˆ���–�Š�‡���’�ƒ�’�‹�Ž�Ž�ƒ�”�›��
muscles in a dog with (a) severe tricuspid dysplasia and  

���„�����’�—�Ž�•�‘�•�‹�…���•�–�‡�•�‘�•�‹�•�ä�����ƒ�������Š�‡�”�‡���‹�•���•�‡�˜�‡�”�‡���”�‹�‰�Š�–���˜�‡�•�–�”�‹�…�—�Ž�ƒ�”���‡�…�…�‡�•�–�”�‹�…��
�Š�›�’�‡�”�–�”�‘�’�Š�›���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���–�Š�‡���–�”�‹�…�—�•�’�‹�†���†�›�•�’�Ž�ƒ�•�‹�ƒ�ä�����‘�–�‡���–�Š�‡���–�”�‹�…�—�•�’�‹�†��
�˜�ƒ�Ž�˜�‡�����ƒ�”�”�‘�™�‡�†�����‹�•���˜�‹�•�‹�„�Ž�‡���‹�•���–�Š�‡���•�‹�†�†�Ž�‡���‘�ˆ���–�Š�‡���”�‹�‰�Š�–���˜�‡�•�–�”�‹�…�Ž�‡�����������ä�� 
(b) There is severe right ventricular concentric hypertrophy associated 
�™�‹�–�Š���–�Š�‡���’�—�Ž�•�‘�•�‹�…���•�–�‡�•�‘�•�‹�•�ä���������¯���Ž�‡�ˆ�–���˜�‡�•�–�”�‹�…�Ž�‡�ä
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(a)

(b)
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Pericardium and thoracic cavity assessment: An early 
diagnosis of pericardial effusion is important because  
stabilization of these patients may require prompt peri -
cardiocentesis. U-SEE echocardiography is a very helpful 
test in this respect. Pericardial effusion can be easily 
detected using the two standard echocardiographic views 
(i.e. RPLA and RPSA). On both views, fluid (which appears 
as a hypoechoic region between the epicardium and peri -
cardium) can be seen surrounding the heart (Figure 6.18). It 
is common to observe a swinging motion of the heart in 
the pericardial space whenever there is a large volume of 
effusion present.

Cardiac tamponade is present when the RA and occa -
sionally the RV collapse during diastole (see Figure 6.18). 
Note that pericardiocentesis is only required if tamponade 
is present; this is generally the case in dogs, where the 
pericardial effusion is the main cause of the presenting 
signs. In contrast, when the volume of pericardial effusion 
is mild and haemodynamically irrelevant, there is no need 
to tap the pericardium. This is the more common scenario 
in cats with CHF.

���‹�‰�Š�–���’�ƒ�”�ƒ�•�–�‡�”�•�ƒ�Ž�����ƒ�����Ž�‘�•�‰�æ�ƒ�š�‹�•���ˆ�‘�—�”�æ�…�Š�ƒ�•�„�‡�”���˜�‹�‡�™���ƒ�•�†�� 
���„�����•�Š�‘�”�–�æ�ƒ�š�‹�•���˜�‹�‡�™���ƒ�–���–�Š�‡���Ž�‡�˜�‡�Ž���‘�ˆ���–�Š�‡���’�ƒ�’�‹�Ž�Ž�ƒ�”�›���•�—�•�…�Ž�‡�•���‹�•���ƒ���†�‘�‰��

�™�‹�–�Š���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•�ä�����‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•�������������…�ƒ�•���„�‡���‡�ƒ�•�‹�Ž�›���†�‡�–�‡�…�–�‡�†��
�ƒ�•���ƒ���Š�›�’�‘�‡�…�Š�‘�‹�…���ƒ�•�‡�…�Š�‘�‹�…���”�‡�‰�‹�‘�•���ƒ�”�‘�—�•�†���–�Š�‡���Š�‡�ƒ�”�–�����„�‡�–�™�‡�‡�•���–�Š�‡��
�‡�’�‹�…�ƒ�”�†�‹�—�•���ƒ�•�†���’�‡�”�‹�…�ƒ�”�†�‹�—�•���ä�����•�����ƒ�����•�‘�–�‡���–�Š�‡���…�‘�Ž�Ž�ƒ�’�•�‡���‘�ˆ���–�Š�‡���”�‹�‰�Š�–���ƒ�–�”�‹�—�•��
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The presence of cardiac tamponade in an unstable 
patient is an indicator for emergency pericardiocentesis. In 
cases where the patient is stable, a thorough and  
complete echocardiographic examination should ideally  
be performed prior to pericardiocentesis to assess for the 
presence of a mass, as these are most easily seen in  
the presence of pericardial effusion. However, pericardio -
centesis should not be delayed simply to perform a more 
detailed echocardiographic examination if the patient is 
severely compromised.

Differentiating between pericardial and pleural effusion 
is important; the former is typically not seen at the level of 
the heart base and has smoother, better delineated con -
tours. In cases where both pericardial and pleural effusion 
are present, the pericardium can be easily delineated as a 
thin hyperechoic structure encircling the heart.

In addition to the standard echocardiographic views 
described above, the U-SEE examination should include  
a quick assessment of the thoracic cavity to search for -
pleural effusion. The ultrasound probe should be advanced 
cranially and caudally from the point where the echocardio -
graphic images were acquired on both the right and left 
hemithoraces to look for pleural effusion. In cases where a 
fluid pocket is identified, this can help guide thoracocente -
sis. In cats with pleural effusion and a normal-sized LA and 
RA, the cranial mediastinum should be examined to look for 
a mass (typically mediastinal lymphoma or thymoma).

Liver and abdominal cavity assessment: The abdominal 
cavity should be briefly assessed, particularly in cases 
where hepatomegaly and/or a fluid wave have been 
detected on physical examination. The liver should be 
evaluated for size and distension of the hepatic veins. If 
abdominal effusion (ascites) is present in association with 
hepatomegaly and a dilated caudal vena cava and hepatic 
veins, this indicates right-sided CHF. The appearance of 
the distended hepatic veins is occasionally referred to as 
the ‘bunny sign’ (Figure 6.19). Patients in right-sided CHF 
should have echocardiographic evidence of high RV filling 
pressures, typically manifested as a markedly dilated RA 
or pericardial effusion with cardiac tamponade.

In suspected cases of aortic thrombosis, a brief ultra -
sound examination of the aorta starting at the level of the 
renal arteries and advancing towards the point of aortic  
trifurcation can be very rewarding (Figure 6.20). Colour 
flow and pulsed wave Doppler may be used in these cases 
to help differentiate between pulsatile blood flow in the 
aorta and the caudal vena cava.

���æ���������ƒ�„�†�‘�•�‹�•�ƒ�Ž���—�Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�•���•�Š�‘�™�‹�•�‰���Š�‡�’�ƒ�–�‘�•�‡�‰�ƒ�Ž�›���ƒ�•�†��
�…�‘�•�‰�‡�•�–�‡�†���Š�‡�’�ƒ�–�‹�…���˜�‡�‹�•�•���‹�•���ƒ���†�‘�‰���™�‹�–�Š���”�‹�‰�Š�–�æ�•�‹�†�‡�†���…�‘�•�‰�‡�•�–�‹�˜�‡��

�Š�‡�ƒ�”�–���ˆ�ƒ�‹�Ž�—�”�‡�ä�����Š�‡���ƒ�’�’�‡�ƒ�”�ƒ�•�…�‡���‘�ˆ���–�Š�‡���†�‹�•�–�‡�•�†�‡�†���Š�‡�’�ƒ�–�‹�…���˜�‡�‹�•�•���‹�•��
�•�‘�•�‡�–�‹�•�‡�•���”�‡�ˆ�‡�”�”�‡�†���–�‘���ƒ�•���–�Š�‡���î�„�—�•�•�›���•�‹�‰�•�ï�ä

6.19

Ch06 Emergency.indd   68 22/02/2018   16:09



Chapter 6 · Cardiovascular emergencies

69

U-SEE electrocardiography
The ECG part of the U-SEE examination is most important 
when an arrhythmia or an inappropriately slow or fast 
heart rhythm has been detected during the physical exam -
ination, or when the patient is presented for syncope and 
weakness. The goal of U-SEE ECG is to look for arrhyth-
mias that could be causing the presenting complaint and/
or that require emergency anti-arrhythmic treatment. It is 
important to remember that not all arrhythmias require 
treatment and that any antiarrhythmic drug may have a 
proarrhythmic effect.

As when performing echocardiography, the patient 
may stand or be gently restrained in sternal or lateral 
recumbency for U-SEE ECG. A good diagnostic ECG trace 
can usually be obtained relatively easily without much 
patient manipulation. The use of atraumatic ECG clips or 
adhesive ECG patches is very important. In general, dogs 
tolerate the procedure well in a standing or recumbent 
position, whereas cats tend to be more cooperative in a 
sternal or a sitting position. Since the goal of this ECG is 
the diagnosis of clinically relevant arrhythmias and not to 
evaluate the size of the different complexes or intervals, 
the body position of the patient is less important. A contin -
uous 2–5 minute lead II ECG trace is sufficient initially; this 
simply requires an ECG electrode placed on the right fore -
limb and another on the left hindlimb.

The detection of an arrhythmia alone is neither an indi -
cation for antiarrhythmic therapy nor is it necessarily the 
reason for the presenting complaint. The following factors 
should be evaluated to determine the clinical relevance  
of an arrhythmia and to help decide whether therapy is 
needed:

• A clinically relevant arrhythmia will have haemodynamic 
consequences, typically resulting in hypotension. 
Measuring systemic blood pressure and evaluating 
mental status (e.g. apathy, lethargy, history of syncope) 
are helpful in this assessment

• As a general rule, the malignant criteria of 
tachyarrhythmias are as follows:
• Rapid (paroxysmal or sustained) ventricular 

tachycardia (>200 beats per minute (bpm))
• Frequent couplets or triplets of ventricular 

premature contractions (VPCs) 
• R-on-T phenomenon
• Sustained or frequent non-sustained bouts of 

supraventricular tachycardia.

If an arrhythmia is detected, it is very important to 
interpret this finding together with the information already 
acquired from the history, physical examination and echo -
cardiogram, which will help determine the relevance and 
likely cause of the arrhythmia.

The most important arrhythmias in an emergency 
setting and for which specific treatment will generally be 
necessary are:

• Sustained or paroxysmal supraventricular tachycardia 
(Figure 6.21)

• Atrial fibrillation with fast ventricular response rate 
(Figure 6.22)

• Ventricular tachycardia (Figure 6.23)
• High-grade AV block (second- or third-degree)  

(Figure 6.24 and 6.40)
• Sick sinus syndrome (Figure 6.25)
• Atrial standstill (Figure 6.26).
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In canine breeds predisposed to DCM or arrhyth -
mogenic right ventricular cardiomyopathy (ARVC) (i.e. 
Dobermanns and Boxers, respectively), frequent VPCs  
(isolated, couplets, triplets) during the 5 minute ECG are  
relevant. This does not necessarily mean that antiarrhyth-
mic treatment has to be started immediately, but is an 
indication for continuous ECG telemetry monitoring in the 
first 24 hours following admission. This approach is also 
suggested whenever one of these high-risk breeds is pre -
sented for syncope, even if the 5 minute ECG recording 
on presentation shows a normal sinus rhythm, to enable 
non-sustained but potentially life-threatening arrhythmias 
to be promptly identified and aggressively treated. 
Although there are more benign causes of collapse in 
these breeds (e.g. vasovagal collapse), the significant risk 
of sudden death in these cardiomyopathic patients  
warrants careful monitoring.

Summary of the U-SEE examination
1. Place the patient in a sternal or standing position. 

Administer oxygen simultaneously if indicated and 
tolerated by the patient.

2. Acquire a RPLA four-chamber and a RPSA 
(papillary muscle level) view and evaluate the 
following structures:
a. LA size in cats – measure the maximal atrial 

diameter from the interatrial septum to the atrial 
free wall. Make the measurement parallel to the 
mitral valve, dissecting the atrium into two 
equal parts, just prior to mitral valve opening 
(normal <16 mm) (see Figure 6.11). Typically, the 
RA is the same size as, or smaller than, the LA

b. LV – subjective assessment of systolic function 
(decreased, increased or normal) (see Figure 
6.15), concentric versus eccentric hypertrophy; 
in cats, measure LV wall thickness at end-
diastole just after the mitral valve closes 
(normal <6 mm) (see Figure 6.16)

c. RV – assessment of concentric versus 
eccentric hypertrophy (see Figure 6.17)

d. Pericardium – evaluate for pericardial effusion 
and subjectively quantify the volume as mild, 
moderate or severe; look for RA and/or RV 
diastolic collapse (cardiac tamponade) (see 
Figure 6.18).

3. Acquire a RPSA view at the level of the aortic valve 
and evaluate the following structures:
a. LA size in dogs and cats – measure the aortic 

diameter just after aortic valve closure by 
drawing a line from the middle of the right 
coronary cusp to the commissure between the 
non-coronary and left coronary cusps. Extend 
this line to the LA free wall, avoiding the 
pulmonary vein entrance, to measure the LA 
(normal LA/Ao ratio <1.6) (see Figure 6.12)

b. In cats, use this view to look for ‘smoke’ and/or 
a thrombus in the left auricle.

4. Examine both sides of the thorax to look for pleural 
effusion.

5. Examine the abdomen to look for abdominal 
effusion, evaluate whether the hepatic veins are 
enlarged (‘bunny sign’) (see Figure 6.19) and check 
for a distal aortic thrombus in cases of acute 
hindlimb paralysis/paresis (see Figure 6.20).

6. Run a 2–5 minute ECG.
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Presumptive diagnosis: decision-making for 
therapy and stabilization
Once the history and initial stabilization, physical examin -
ation and U-SEE examination have been performed, it 
should be possible to determine whether the presenting 
complaints are due to a cardiovascular problem and to 
decide the best approach. The U-SEE flowcharts (see 
Figures 6.3 to 6.9) indicate the most common differential 
diagnoses for each of the typical presenting complaints 
encountered in cardiovascular emergencies.

If, during the U-SEE examination, pericardial effusion, 
pleural effusion or relevant arrhythmias are detected, if 
signs suggestive of thromboembolism are identified, or  
if there is a strong suspicion for pulmonary oedema, the 
appropriate emergency approach should be pursued. 
These approaches include pericardiocentesis, thoraco -
centesis, specific antiarrhythmic drugs, anticoagulation/
analgesia therapy and diuretic therapy ± inotropic support. 
The recommended approach for each of these emergency 
scenarios is presented below.

Acute heart failure
Clinical signs
The clinical signs of heart failure depend on whether the 
patient is in backward heart failure (congestive), forward 
heart failure (low cardiac output), or a combination of the 
two (Figure 6.27).

• Backward heart failure (CHF):
• Left-sided CHF is characterized by increased 

respiratory rate and effort. Coughing may occur in 
dogs and those with severe oedema may cough up 
blood-tinged fluid. Panting may occur in cats with 
severe pulmonary oedema

• Right-sided CHF is characterized by jugular 
distension, hepatomegaly and ascites

• Pleural effusion may be seen in cats with either 
left- or right-sided CHF (left-sided CHF is more 
common in this species). In dogs, pleural effusion is 
mainly seen in cases of right-sided CHF (but ascites 
is typically the main feature of right-sided CHF in 
this species). The reason for this inter-species 
difference is not completely clear. In cats, it has 
been suggested that because the visceral and 
parietal pleural veins drain into the pulmonary veins 

and cranial vena cava, respectively, both left- and 
right-sided heart failure with increased venous 
pressure may cause pleural effusion. Although 
pleural drainage in dogs appears to be similar to 
that in cats, dogs rarely develop pleural effusion 
secondary to left-sided CHF.

• Forward heart failure (low cardiac output):
• Low cardiac output failure (cardiogenic shock, (see 

Chapter 3)) is characterized by weakness, collapse, 
weak peripheral pulses, pale mucous membranes, 
hypothermia and cool extremities.

Treatment
Regardless of the underlying cardiac pathology (e.g. 
MMVD, DCM, HCM), the principles for treating heart failure 
are similar. The priorities are clearing fluid accumulations, 
supporting myocardial function (i.e. attempting to improve 
systolic or diastolic function or both), decreasing myo -
cardial workload and controlling heart rate and rhythm to 
optimize cardiac output.

Severe pulmonary oedema (warm and wet)
Pulmonary oedema is the most common cardiac emer -
gency and is typically associated with acute left-sided CHF. 
Respiratory rate is a very useful indicator of left-sided  
CHF. Resting respiratory rate should be monitored regularly 
in the hospital. Thoracic radiography reveals pulmonary 
oedema or pleural effusion (Figures 6.28 to 6.31) and  
there is usually echocardiographic evidence of advanced 
cardiac disease.

Warm and dry
(compensated a)

Warm and wet
(backward failure b)

Cold and dry
(forward failure c)

Cold and wet
(backward and

forward failure d)

���‘�™���Š�‡�ƒ�”�–�����î�’�—�•�’�ï�����ˆ�ƒ�‹�Ž�—�”�‡���•�ƒ�•�‹�ˆ�‡�•�–�•���…�Ž�‹�•�‹�…�ƒ�Ž�Ž�›�ä��a There is 
evidence of underlying heart disease but no evidence of 

�ˆ�‘�”�™�ƒ�”�†���‘�”���„�ƒ�…�•�™�ƒ�”�†���Š�‡�ƒ�”�–���ˆ�ƒ�‹�Ž�—�”�‡�ä��b�����Š�‡�”�‡���‹�•���‡�˜�‹�†�‡�•�…�‡���‘�ˆ���’�—�Ž�•�‘�•�ƒ�”�›���ƒ�•�†��
�‘�”���•�›�•�–�‡�•�‹�…���˜�‡�•�‘�—�•���…�‘�•�‰�‡�•�–�‹�‘�•�á���„�—�–���…�ƒ�”�†�‹�ƒ�…���‘�—�–�’�—�–���‹�•���•�ƒ�‹�•�–�ƒ�‹�•�‡�†�ä��c There 
�‹�•���‡�˜�‹�†�‡�•�…�‡���‘�ˆ���†�‡�…�”�‡�ƒ�•�‡�†���…�ƒ�”�†�‹�ƒ�…���‘�—�–�’�—�–�á���„�—�–���•�‘�–���‘�ˆ���’�—�Ž�•�‘�•�ƒ�”�›���ƒ�•�†���‘�”��
�•�›�•�–�‡�•�‹�…���˜�‡�•�‘�—�•���…�‘�•�‰�‡�•�–�‹�‘�•�ä��d There is evidence of decreased cardiac 
�‘�—�–�’�—�–���ƒ�•�†���’�—�Ž�•�‘�•�ƒ�”�›���ƒ�•�†���‘�”���•�›�•�–�‡�•�‹�…���˜�‡�•�‘�—�•���…�‘�•�‰�‡�•�–�‹�‘�•�ä

6.27

(a) Lateral and  
(b) ventrodorsal 

thoracic radiographs of a dog with 
advanced myxomatous mitral 
�˜�ƒ�Ž�˜�‡���†�‹�•�‡�ƒ�•�‡���ƒ�•�†���Ž�‡�ˆ�–�æ�•�‹�†�‡�†��
�…�‘�•�‰�‡�•�–�‹�˜�‡���Š�‡�ƒ�”�–���ˆ�ƒ�‹�Ž�—�”�‡�ä�����Š�‡�”�‡���‹�•��
evidence of severe left atrial 
enlargement and an interstitial 
alveolar pattern in the perihilar 
�ƒ�•�†���†�‘�”�•�‘�…�ƒ�—�†�ƒ�Ž���Ž�—�•�‰���¤�‡�Ž�†�•�á��
consistent with cardiogenic 
�’�—�Ž�•�‘�•�ƒ�”�›���‘�‡�†�‡�•�ƒ�ä

6.28

(a)

(b)
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(a) Lateral and  
(b) ventrodorsal 

thoracic radiographs of a dog 
with advanced dilated 
�…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›���ƒ�•�†���Ž�‡�ˆ�–�æ�•�‹�†�‡�†��
�…�‘�•�‰�‡�•�–�‹�˜�‡���Š�‡�ƒ�”�–���ˆ�ƒ�‹�Ž�—�”�‡�ä�����Š�‡�”�‡���‹�•��
�‡�˜�‹�†�‡�•�…�‡���‘�ˆ���Ž�‡�ˆ�–�æ�•�‹�†�‡�†��
cardiomegaly and an interstitial 
alveolar pattern in the perihilar 
�ƒ�•�†���†�‘�”�•�‘�…�ƒ�—�†�ƒ�Ž���Ž�—�•�‰���¤�‡�Ž�†�•�á��
consistent with cardiogenic 
�’�—�Ž�•�‘�•�ƒ�”�›���‘�‡�†�‡�•�ƒ�ä

6.29

(a)

(b)

(a) Lateral and  
(b) ventrodorsal 

thoracic radiographs of a cat with 
advanced cardiomyopathy and 
�Ž�‡�ˆ�–�æ�•�‹�†�‡�†���…�‘�•�‰�‡�•�–�‹�˜�‡���Š�‡�ƒ�”�–��
�ˆ�ƒ�‹�Ž�—�”�‡�ä�����Š�‡�”�‡���‹�•���‡�˜�‹�†�‡�•�…�‡���‘�ˆ��
�…�ƒ�”�†�‹�‘�•�‡�‰�ƒ�Ž�›���ƒ�•�†���ƒ���†�‹�¡�—�•�‡��
alveolar pulmonary pattern 
consistent with pulmonary 
�‘�‡�†�‡�•�ƒ�ä�����•���…�ƒ�–�•�á���…�ƒ�”�†�‹�‘�‰�‡�•�‹�…��
pulmonary oedema often does 
not show a typical caudodorsal 
distribution pattern, as it does in 
�†�‘�‰�•�ä�����Š�‡���’�—�Ž�•�‘�•�ƒ�”�›���’�ƒ�–�–�‡�”�•��
associated with pulmonary 
oedema in cats may have any 
�–�›�’�‡���‘�ˆ���†�‹�•�–�”�‹�„�—�–�‹�‘�•�����‹�ä�‡�ä���ˆ�‘�…�ƒ�Ž�á��
�†�‹�¡�—�•�‡���‘�”���•�—�Ž�–�‹�ˆ�‘�…�ƒ�Ž���‹�•�–�‡�”�•�–�‹�–�‹�ƒ�Ž���–�‘��
�ƒ�Ž�˜�‡�‘�Ž�ƒ�”���’�ƒ�–�–�‡�”�•���ä

6.30

(a)

(b)

(a) Lateral and  
(b) dorsoventral 

thoracic radiographs of a cat 
�™�‹�–�Š���’�Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•�á���™�Š�‹�…�Š���‹�•��
obscuring the cardiac 
�•�‹�Ž�Š�‘�—�‡�–�–�‡�ä

6.31

(a)

(b)

Dogs and cats with left-sided CHF (pulmonary oedema 
in dogs; pulmonary oedema and/or pleural effusion in cats) 
can be very unstable. Stress can cause further cardiac 
decompensation and the patient may be too unstable to 
safely take a radiograph at presentation to confirm the 
diagnosis of pulmonary oedema or pleural effusion. A 
quick U-SEE examination should be performed, if pos -
sible, to assess LA size, which will help confirm the like -
lihood of pulmonary oedema. The thorax should also be 
checked for the presence of pleural effusion (see Figure 
6.7). If there is a high suspicion for pulmonary oedema, the 
patient should be treated presumptively with diuretics.  
The response to treatment should be assessed by  
monitoring  for a decrease in respiratory rate. Pulmonary 
oedema almost always responds to furosemide, as long as 
the dose is sufficient. A moderate to large volume of  
pleural effusion will need to be drained at presentation, as 
this will not reduce significantly with diuretic therapy alone.

Summary of acute stabilization of CHF
The recommendations for acute stabilization (ACVIM 
Consensus Statement 2009) include:

• Hospitalization for cage rest and close monitoring (in 
a quiet, minimum stress environment where possible)

• Oxygen therapy
• Opioid sedation if the patient is very anxious
• Furosemide (intravenously or intramuscularly)
• Consideration of whether to administer 

vasodilators ± positive inotropes
• Thoracocentesis and abdominocentesis as required.
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Oxygen therapy: The method for administering oxygen 
therapy depends on practicality and which is tolerated best 
by the patient. Arterial blood gas analysis, if available, can 
be used to evaluate hypoxia. Any level of hypoxia warrants 
at least temporary oxygen supplementation. A partial pres -
sure of oxygen (PaO2) of <60 mmHg or oxygen saturation of 
<90% is an indication for aggressive oxygen therapy.

• Mechanical ventilation or non-invasive positive 
pressure ventilation (CPAP) is a consideration (if 
practical) for patients with progressive respiratory 
fatigue, lack of PaO2 response to oxygen 
supplementation or progressive hypercapnia.

• Oxygen cages provide 40–90% inspired oxygen in a 
humidified and temperature controlled environment. 
Care must be taken to avoid overheating, especially in 
large or panting patients.

• Intranasal oxygen is provided at a flow rate of 0.5–1  
l/minute. If administered for more than a few hours, 
oxygen should be humidified and an Elizabethan collar 
used to prevent the patient from removing the nasal 
catheter.

• Other ways of administering oxygen include facemasks 
or the use of an Elizabethan collar and cellophane to 
make an ‘oxygen hood’. Oxygen flow rates of 5–10  
l/minute are used and the oxygen should be humidified.

Diuretics: These are used to control oedema formation; 
oedema in CHF is due to increased circulating blood  
volume. Total circulating blood volume can be increased 
by as much as 30% in severe CHF due to chronic activa -
tion of the renin–angiotensin–aldosterone system (RAAS) 
and resultant fluid retention.

Important considerations when using diuretics include 
the possible development of azotaemia or electrolyte 
imbalances. Renal function should be monitored closely 
for 24–48 hours after initiation or a dose increase. Some 
degree of azotaemia may be unavoidable in patients with 
advanced heart disease and compromised cardiac output. 
Increasing the frequency of diuretic dosing should be con -
sidered to spread the diuretic effect, rather than increasing 
the overall dose. It is important to monitor serum potas -
sium levels regularly, particularly in inappetent, dehydrated 
patients when high diuretic doses are used.

Furosemide: This drug is the most important diuretic for 
treatment of acute CHF. It acts in the thick portion of the 
ascending loop of Henle and has a rapid onset of action 
(following intravenous administration an effect is seen 
within 5 minutes). The dosage range is very wide and initial 
intravenous boluses can be followed by a constant rate 
infusion (CRI) if necessary (Figure 6.32).

The severity of the dyspnoea and improvement in the 
respiratory rate should be monitored as a guide to treat -
ment success. It is also important to monitor renal para -
meters and electrolytes, especially potassium. Furosemide 
also has some bronchodilation properties when given 
intravenously and a mild antitussive action via affecting 
laryngeal nerve sensitivity. This explains why some dogs 
incorrectly treated with furosemide stop coughing even 
though they are not in CHF.

A furosemide CRI can be effective in dogs (and cats) 
with severe left-sided CHF that have a poor response to 
boluses. Studies in humans (healthy patients and those 
with CHF) and healthy dogs and horses suggest that com -
pared with intravenous boluses, a furosemide CRI results 
in increased diuresis, decreased volatility in plasma  
volume, increased natriuresis and calciuresis, decreased 
kaliuresis and, possibly, decreased activation of the RAAS.

Positive inotropes: These drugs have beneficial haemo -
dynamic effects in patients with systolic heart failure due 
primarily to a direct increase in myocardial contractility 
and therefore cardiac output. By increasing the force of 
myocardial contraction, it is easier for the failing LV to eject 
blood into the circulation. These drugs are not indicated in 
cases where augmentation of cardiac output via increased 
contractility is not possible (e.g. fixed aortic stenosis). 
Positive inotropes are in general not indicated in cats with 
HCM and their use in HCM is reserved for patients  
with systolic dysfunction (i.e. end-stage HCM), but this is 
an off-label use. Until further studies are undertaken 
obstructive HCM (HOCM) should be considered as a con -
traindication to the use of positive inotropes.

Pimobendan: This is a calcium-sensitizing drug which acts 
as a positive inotrope to improve contractility. It is a phos -
phodiesterase III inhibitor that also decreases cardiac after -
load by causing arterial vasodilation, thereby making it 
easier for the heart to pump blood into the circulation. This 
is why pimobendan is referred to as an inodilator. Pimo -
bendan is available in oral and intravenous formulations. It 
has a slower onset of action if given orally (within several 
hours). It should be remembered that oral medications will 
not be absorbed from the gut reliably in patients with heart 
failure and impaired circulation. In addition, it may be 
stressful to the patient to administer oral medication.

Dobutamine: This drug is a selective beta-1 adrenergic ago -
nist. It increases contractility with a minimal increase in heart 
rate and blood pressure. It must be administered via CRI 
using a syringe or fluid infusion pump and titrated to effect 
(see Figure 6.32). It has a short half-life and thus a rapid 
onset and offset of action. There is a risk of supraventricular 
or ventricular tacharrhythmias with higher doses. Dogs 
being treated with dobutamine should have their blood pres -
sure measured regularly and should be continuously moni -
tored using electrocardiography. Tolerance to the inotropic 
effects of dobutamine occurs with prolonged infusion.

Dopamine: This drug has similar effects to those of dobu -
tamine, except at high doses dopamine causes vasocon -
striction (and increased systemic vascular resistance) 
through alpha-adrenergic receptor agonism. Dopamine 
may be slightly more proarrhythmic than dobutamine, 
therefore the dose should be kept as low as possible to 
achieve the desired aim.

Vasodilators: These drugs, in particular arterial dilators, 
allow rapid ‘unloading’ of the ventricle. They are indicated 
in patients with severe pulmonary oedema due to impaired 
LV systolic function or mitral insufficiency. By decreasing 
systemic vascular resistance, it is easier for the failing LV 
to eject blood into the circulation. In patients with signif -
icant mitral regurgitation, the regurgitant fraction is 
decreased, thus lowering LA pressure.

In order to obtain this response, the LV must be able to 
sustain an adequate stroke volume. Thus, potent arterial 
vasodilation is contraindicated in animals with a fixed LV 
stroke volume (e.g. HCM, mitral stenosis, aortic stenosis). 
This also applies to severely hypovolaemic patients, which 
must first be volume resuscitated. Severe pulmonary 
oedema in animals with a fixed LV stroke volume must  
be managed primarily by preload reduction (e.g. furo -
semide, venodilators).

Clinical signs of effective arterial vasodilation include 
bright pink mucous membranes with a rapid capillary 
refill time, warm extremities and a gradual decrease in 
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���”�—�‰ ���‘�•�ƒ�‰�‡

Diuretics

Furosemide ���‘�‰�•�ã���V���Z���•�‰���•�‰���‹�ä� �̃ä�á���‹�ä�•�ä�á���•�ä�…�ä���“�Z���U�V�Š���‘�”���‘�”�ƒ�Ž�Ž�›���“�\���V�X�Š
���ƒ�–�•�ã���U���X���•�‰���•�‰���‹�ä� �̃ä�á���‹�ä�•�ä�á���•�ä�…�ä�á���‘�”�ƒ�Ž�Ž�›���“�U�V���X�\�Š
�������ã���T�ä�Y���U�ä�T���•�‰���•�‰���Š���‹�ä� �̃ä���ˆ�‘�”���ƒ���•�ƒ�š�‹�•�—�•���‘�ˆ���Z���Š�‘�—�”�•��

Inotropes

Dobutamine ���‘�‰�•�ã���V���U�Y���+�‰���•�‰���•�‹�•���‹�ä� �̃ä�â���•�–�ƒ�”�–�����������Ž�‘�™���ƒ�•�†���–�‹�–�”�ƒ�–�‡���–�‘���‡�¡�‡�…�–
���ƒ�–�•�ã���U���Y���+�‰���•�‰���•�‹�•���‹�ä� �̃ä�â���•�–�ƒ�”�–�����������Ž�‘�™���ƒ�•�†���–�‹�–�”�ƒ�–�‡���–�‘���‡�¡�‡�…�–

Dopamine ���‘�‰�•�ã���V���U�T���+�‰���•�‰���•�‹�•
���ƒ�–�•�ã���U���Y���+�‰���•�‰���•�‹�•���‹�ä� �̃ä�â���•�–�ƒ�”�–�����������Ž�‘�™���ƒ�•�†���–�‹�–�”�ƒ�–�‡���–�‘���‡�¡�‡�…�–

Pimobendan ���‘�‰�•�á���…�ƒ�–�•�ã���T�ä�U�Y���•�‰���•�‰���‹�ä� �̃ä���“�U�V�Š���‘�”���T�ä�U���T�ä�W���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�U�V�Š�����–�ƒ�”�‰�‡�–���†�‘�•�‡���‘�ˆ���T�ä�V�Y���T�ä�W���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�U�V�Š��
recommended in dogs)

Vasodilators

Amlodipine ���‘�‰�•�ã���T�ä�T�Y���T�ä�U���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�U�V���V�X�Š
���ƒ�–�•�ã���T�ä�Z�V�Y���U�ä�V�Y���•�‰���…�ƒ�–���‘�”�ƒ�Ž�Ž�›���“�V�X�Š

Hydralazine ���‘�‰�•�ã���T�ä�Y���W���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�U�V�Š

Sodium nitroprusside ���‘�‰�•�á���…�ƒ�–�•�ã���T�ä�Y���U�T���+�‰���•�‰���•�‹�•���‹�ä� �̃ä�â���•�–�ƒ�”�–�����������Ž�‘�™���ƒ�•�†���–�‹�–�”�ƒ�–�‡���–�‘���‡�¡�‡�…�–���™�Š�‹�Ž�‡���•�‘�•�‹�–�‘�”�‹�•�‰���„�Ž�‘�‘�†���’�”�‡�•�•�—�”�‡���…�Ž�‘�•�‡�Ž�›

Antiarrhythmics

Amiodarone ���‘�‰�•�ã���U�T���U�Y���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�U�V�Š���ˆ�‘�”���[���†�ƒ�›�•�á���–�Š�‡�•���Y���[�ä�Y���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�U�V�Š���ˆ�‘�”���U�X���†�ƒ�›�•�á���–�Š�‡�•���[�ä�Y���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�V�X�Š
���‡�š�–�‡�”�‘�•�‡�����‹�•�Œ�‡�…�–�ƒ�„�Ž�‡���ƒ�•�‹�‘�†�ƒ�”�‘�•�‡���™�‹�–�Š�‘�—�–���’�‘�Ž�›�•�‘�”�„�ƒ�–�‡���\�T���ƒ�•�†���„�‡�•�œ�›�Ž���ƒ�Ž�…�‘�Š�‘�Ž���ã���V���•�‰���•�‰���‹�ä� �̃ä���„�‘�Ž�—�•���‘�˜�‡�”��
�U�T���•�‹�•�—�–�‡�•���ˆ�‘�Ž�Ž�‘�™�‡�†���„�›�����������ƒ�–���T�ä�\���•�‰���•�‰���Š���ˆ�‘�”���Z���Š�‘�—�”�•�á���–�Š�‡�•�����������ƒ�–���T�ä�Y���•�‰���•�‰���Š

Atenolol ���‘�‰�•�ã���T�ä�Y���V���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�U�V�Š�â���•�–�ƒ�”�–���Ž�‘�™���ƒ�•�†���–�‹�–�”�ƒ�–�‡���–�‘���‡�¡�‡�…�–
���ƒ�–�•�ã���Z�ä�V�Y���U�V�ä�Y���•�‰���…�ƒ�–���–�‘�–�ƒ�Ž���†�‘�•�‡���‘�”�ƒ�Ž�Ž�›���“�U�V���V�X�Š

Digoxin ���‘�‰�•�ã���T�ä�T�T�W���T�ä�T�T�Y���•�‰���•�‰���“�U�V�Š�ä�����˜�‘�‹�†���‹�•���…�ƒ�–�•�á���ƒ�•���–�Š�‡�›���ƒ�”�‡���•�‘�”�‡���•�‡�•�•�‹�–�‹�˜�‡���–�‘���–�Š�‡���–�‘�š�‹�…���‡�¡�‡�…�–�•���‘�ˆ���†�‹�‰�‘�š�‹�•��
than dogs

Diltiazem ���‘�‰�•�á���…�ƒ�–�•�ã���T�ä�T�Y���T�ä�V�Y���•�‰���•�‰���‹�ä� �̃ä�����‘�˜�‡�”���U���V���•�‹�•�—�–�‡�•���á�����������ƒ�–���W���Z���+�‰���•�‰���•�‹�•�â���T�ä�Y���V���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�\�Š���‘�”���U���š���U�T��
mg tablet for cats q8h
���‘�‰�•�����‡�š�–�‡�•�†�‡�†�æ�”�‡�Ž�‡�ƒ�•�‡���’�”�‡�’�ƒ�”�ƒ�–�‹�‘�•���ã���W���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�U�V�Š

Esmolol ���‘�‰�•�á���…�ƒ�–�•�ã���T�ä�T�Y���T�ä�Y���•�‰���•�‰���‹�ä� �̃ä���„�‘�Ž�—�•���‘�˜�‡�”���Y���•�‹�•�—�–�‡�•�â�����������ƒ�–���V�Y���V�T�T���+�‰���•�‰���•�‹�•

Lidocaine ���‘�‰�•�ã���V���\���•�‰���•�‰���‹�ä� �̃ä���‰�‹�˜�‡�•���‹�•���V���•�‰���•�‰���„�‘�Ž�—�•�‡�•���ˆ�‘�Ž�Ž�‘�™�‡�†���„�›�����������ƒ�–���W�T���\�T���+�‰���•�‰���•�‹�•
���ƒ�–�•�ã���T�ä�V���T�ä�X���•�‰���•�‰���‹�ä� �̃ä���•�Ž�‘�™���„�‘�Ž�—�•

Magnesium �T�ä�U���T�ä�V���•�•�‘�Ž���•�‰���•�Ž�‘�™���‹�ä� �̃ä�����‘�˜�‡�”���Y���U�T���•�‹�•�—�–�‡�•�����ˆ�‘�Ž�Ž�‘�™�‡�†���„�›�����������ƒ�–���T�ä�Y���U�ä�T���•�•�‘�Ž���•�‰���†�ƒ�›

Mexiletine ���‘�‰�•�ã���X���\���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�\���U�V�Š

Procainamide ���‘�‰�•�ã���Z���\���•�‰���•�‰���‹�ä� �̃ä�����‘�˜�‡�”���Y���•�‹�•�—�–�‡�•���á���‹�ä�•�ä���“�Z�Š���‘�”�����������ƒ�–���T�ä�T�V�Y���T�ä�T�Y���•�‰���•�‰���•�‹�•

Propranolol ���‘�‰�•�ã���T�ä�U���U�ä�Y���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�\�Š
���ƒ�–�•�ã���V�ä�Y���Y���•�‰���–�‘�–�ƒ�Ž���†�‘�•�‡���‘�”�ƒ�Ž�Ž�›���“�\�Š�â���•�–�ƒ�”�–���Ž�‘�™���ƒ�•�†���–�‹�–�”�ƒ�–�‡���–�‘���‡�¡�‡�…�–

Sotalol ���‘�‰�•�ã���T�ä�Y���V���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�U�V�Š�����•�–�ƒ�”�–���Ž�‘�™���ƒ�•�†���–�‹�–�”�ƒ�–�‡���–�‘���‡�¡�‡�…�–�����‘�”���U���•�‰���•�‰���‹�ä� �̃ä���‘�˜�‡�”���W���Y���•�‹�•�—�–�‡�•
���ƒ�–�•�ã���U�T���V�T���•�‰���…�ƒ�–���‘�”�ƒ�Ž�Ž�›���“�U�V�Š

Analgesics

Buprenorphine ���‘�‰�•�á���…�ƒ�–�•�ã���T�ä�T�V���T�ä�T�W���•�‰���•�‰���‹�ä� �̃ä�á���‹�ä�•�ä���“�Z�Š

Fentanyl ���‘�‰�•�á���…�ƒ�–�•�ã���V���Y���+�‰���•�‰���•�Ž�‘�™���‹�ä� �̃ä���ˆ�‘�Ž�Ž�‘�™�‡�†���„�›�����������ƒ�–���V���Y���+�‰���•�‰���Š

Methadone ���‘�‰�•�á���…�ƒ�–�•�ã���T�ä�V���T�ä�X���•�‰���•�‰���•�Ž�‘�™���‹�ä� �̃ä�á���‹�ä�•�ä���“�X���Z�Š

Antithrombotics

Aspirin ���‘�‰�•�ã���T�ä�Y���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�V�X�Š
���ƒ�–�•�ã���U�\�ä�[�Y���•�‰���‘�”�ƒ�Ž�Ž�›���“�[�V�Š�����¥���‘�ˆ���ƒ���[�Y���•�‰���–�ƒ�„�Ž�‡�–��

Clopidogrel ���‘�‰�•�ã���U���W���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�V�X�Š
���ƒ�–�•�ã���U�\�ä�[�Y���•�‰���…�ƒ�–���‘�”�ƒ�Ž�Ž�›���“�V�X�Š�����¥���‘�ˆ���ƒ���[�Y���•�‰���–�ƒ�„�Ž�‡�–��

Dalteparin (low molecular weight heparin) ���‘�‰�•�á���…�ƒ�–�•�ã���U�T�T���V�T�T���������•�‰���•�ä�…�ä���“�U�V���V�X�Š

Enoxaparin (low molecular weight heparin) ���‘�‰�•�á���…�ƒ�–�•�ã���U���V���•�‰���•�‰���•�ä�…�ä���“�U�V���V�X�Š

Unfractionated heparin (anticoagulation) ���‘�‰�•�á���…�ƒ�–�•�ã���V�T�T���W�T�T���������•�‰���‹�ä� �̃ä���‹�•�‹�–�‹�ƒ�Ž�Ž�›�á���–�Š�‡�•���V�Y�T���W�T�T���������•�‰���•�ä�…�ä���“�\�Š

Other

Atropine ���‘�‰�•�á���…�ƒ�–�•�ã���ƒ�–�”�‘�’�‹�•�‡���”�‡�•�’�‘�•�•�‡���–�‡�•�–�������T�ä�T�X���•�‰���•�‰���‹�ä� �̃ä�á���•�ä�…�ä

Calcium gluconate ���‘�‰�•�á���…�ƒ�–�•�ã���T�ä�Y���U�ä�Y���•�Ž���•�‰���‘�ˆ���ƒ���U�T�¨���•�‘�Ž�—�–�‹�‘�•���•�Ž�‘�™�Ž�›���‹�ä� �̃ä���ˆ�‘�”���–�Š�‡���–�”�‡�ƒ�–�•�‡�•�–���‘�ˆ���Š�›�’�‡�”�•�ƒ�Ž�ƒ�‡�•�‹�ƒ

Dextrose ���‘�‰�•�á���…�ƒ�–�•�ã���T�ä�Y���U�ä�Y���•�‰���•�‰���Y�T�̈ ���†�‡�š�–�”�‘�•�‡���‹�ä�̃ �ä���̂ �‘�”���–�Š�‡���–�”�‡�ƒ�–�•�‡�•�–���‘�̂ ���Š�›�’�‡�”�•�ƒ�Ž�ƒ�‡�•�‹�ƒ�â���•�ƒ�›���„�‡���ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†���™�‹�–�Š���‹�•�•�—�Ž�‹�•

Insulin ���‘�‰�•�á���…�ƒ�–�•�ã���T�ä�Y���U�ä�T���������•�‰���‹�ä�•�ä���’�Ž�—�•���V���‰���†�‡�š�–�”�‘�•�‡���‹�ä� �̃ä���’�‡�”���—�•�‹�–���‘�ˆ���‹�•�•�—�Ž�‹�•

���”�—�‰�•���—�•�‡�†���ˆ�‘�”���–�Š�‡���–�”�‡�ƒ�–�•�‡�•�–���‘�ˆ���…�ƒ�”�†�‹�‘�˜�ƒ�•�…�—�Ž�ƒ�”���‡�•�‡�”�‰�‡�•�…�›���’�ƒ�–�‹�‡�•�–�•�ä�����ƒ�•�‰�‡�•���ƒ�”�‡���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡���ƒ�•�†���…�Ž�‹�•�‹�…�ƒ�Ž���‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���’�ƒ�–�‹�‡�•�–���†�‹�…�–�ƒ�–�‡�•��
�†�‘�•�ƒ�‰�‡���‘�ˆ���†�”�—�‰�•���–�‘���„�‡���ƒ�†�•�‹�•�‹�•�–�‡�”�‡�†�ä�����������¯���…�‘�•�•�–�ƒ�•�–���”�ƒ�–�‡���‹�•�ˆ�—�•�‹�‘�•�ä6.32
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respiratory rate and effort. Clinical signs of hypotension 
include weakness, collapse, tachycardia and worsening 
renal biochemistry values.

Sodium nitroprusside: This drug is a rapid-acting and 
potent ‘mixed’ vasodilator, resulting in both preload  
and afterload reduction. It is mandatory to administer nitro -
prusside via CRI using a syringe or fluid infusion pump, as 
this drug is extremely potent and the dose must be accu -
rately controlled (see Figure 6.32). It has a rapid onset and 
offset of action, with a half-life of minutes, and should be 
titrated to effect. Close blood pressure monitoring is 
required with the use of nitroprusside. Direct arterial blood 
pressure monitoring is the most accurate method, although 
Doppler or oscillometric non-invasive methods can also  
be used. Target mean arterial blood pressure should be 
approx imately 70–80 mmHg. Nitroprusside can be used to  
effectively reduce arterial pressure and is especially indi -
cated for the treatment of animals in acute severe CHF.

Known hypotension is a contraindication for the admin -
istration of nitroprusside, but normal arterial blood pres -
sure accompanying low cardiac output and CHF signs is 
an indication for its use. The drug is light-sensitive and 
should be prepared in relatively high concentrations, 
allowing low fluid administration rates compatible with 
CHF. Any additional fluid therapy or drug infusions should 
be given separately to allow independent changes in 
administration rate. After 48–72 hours of CRI, there is an 
increased risk of toxicity (cyanide). Rapid improvement in 
the clinical signs is usually noted in the first 3–6 hours 
when nitroprusside is administered concurrently with furo -
semide and other adjunctive therapies.

Pimobendan: This drug is a balanced vasodilator; see 
above for further information.

Angiotensin-converting enzyme inhibitors: These drugs are 
important in the treatment of chronic CHF but are less 
helpful in cases of acute pulmonary oedema due to their 
slower onset of action and relatively mild arterial dilation 
compared with other more potent vasodilators. These 
drugs are for oral administration only.

Hydralazine: This drug is a potent oral arterial dilator that 
can be used to treat both acute and chronic heart failure. 
Indications for use in acute pulmonary oedema are the 
same as those for sodium nitroprusside. Hydralazine may 
be chosen for acute therapy if sodium nitroprusside is not 
readily available or financial constraints preclude the use 
of a CRI.

Contraindications for the use of hydralazine are similar 
to those for sodium nitroprusside. An arterial blood pres -
sure measurement should be obtained prior to therapy to 
exclude hypotension. Animals with fulminant pulmonary 
oedema are usually given a higher initial dose of hydra-
lazine than patients with more chronic signs or animals 
already receiving chronic vasodilator therapy.

Blood pressure should be assessed approximately 1 
hour after dosing. The target response is a mean or sys -
tolic (if measured by Doppler sphygmomanometry or 
oscillometry) arterial blood pressure decrease of up to 20 
mmHg, as long as the systolic arterial pressure remains 
>90 mmHg and the mean arterial pressure remains >60 
mmHg. When an effective dose has been documented, 
that dose should be repeated at 12-hour intervals.

Amlodipine: This drug is a second-generation calcium 
channel blocker that acts as an arterial dilator by inhibiting 

calcium influx into the arterial vascular cells. Indications 
and contraindications for use are similar to those of 
hydralazine. This drug is for oral administration only.

Severe low-output failure and cardiogenic shock 
(dry and cold)
Low-output cardiac failure is a challenging emergency 
presentation. Certain serious cardiac arrhythmias can lead 
to clinical signs of low-output failure, so an ECG is man -
datory in these patients. Low cardiac output can be exac -
erbated by hypovolaemia in patients with cardiac disease, 
and is usually the result of complications of CHF therapy 
(e.g. over-diuresis).

The initial assessment of the hypovolaemic patient with 
low-output cardiac failure should include serum biochemi -
cal analysis to document organ dysfunction and any elec -
trolyte imbalances. The therapeutic plan includes cautious 
intravenous rehydration. Any electrolyte disturbances or 
drug toxicities must be addressed, whilst administering 
positive inotropic medications to improve cardiac output. 
Fluids should be supplemented with potassium and magne -
sium based on measured blood electrolyte concentrations 
of these electrolytes. In most cases, maintenance fluid 
administration rates (2 ml/kg/h) are sufficient for initial sup -
plementation, and the use of fluid pumps for accurate con -
trol of fluid volume administration is highly recommended.

Most patients with clinical signs of hypovolaemia and 
no current evidence of CHF will benefit from the reduction 
or temporary discontinuation of diuretic therapy. Discon -
tinuation of vasodilators must be approached with more 
caution, as rebound hypertension may occur if vasodila-
tors are discontinued abruptly. Positive inotropic drugs 
should be administered to increase cardiac output, once 
rehydration has been instigated. Respiratory rate and 
effort must be monitored closely during rehydration as 
CHF secondary to fluid overload may develop suddenly. 
Success of fluid therapy is monitored through physical 
examination, bodyweight, arterial blood pressure, urine 
output and blood tests.

Low cardiac output with pulmonary oedema (cold 
and wet)
This clinical presentation may occur with severe systolic or 
severe diastolic dysfunction.

Severe systolic dysfunction: This is typical of dogs and 
cats with DCM. Decreased systolic function is accompa -
nied by increased filling pressures, but cardiac output is 
still inadequate. These patients present with clinical weak -
ness, collapse or signs of shock accompanied by pulmo -
nary oedema, with or without arrhythmias. They are most 
often normotensive or mildly hypotensive, with systolic 
arterial blood pressure in the range of 80–90 mmHg, but 
have poor perfusion with cold extremities due to peripheral 
vasoconstriction.

The combination of arterial dilators and positive ino -
tropes often increases cardiac output enough to decrease 
LA pressure and relieve pulmonary oedema, making the 
administration of high doses of furosemide unnecessary. If 
the oedema does not resolve rapidly enough, low to mod -
erate doses of furosemide may be used to decrease 
preload. Rapid, aggressive diuresis should be avoided 
unless the oedema is life-threatening, because it is impor -
tant to avoid hypovolaemia/dehydration, which might 
result in worsening of low-output signs.
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Severe diastolic dysfunction: This is most commonly 
seen in cats with HCM or RCM. Acute low cardiac output 
due to diastolic dysfunction is usually accompanied by 
pulmonary oedema. In diseases typified by diastolic dys -
function, systolic function is usually normal or increased. 
Relief of pulmonary oedema is achieved by the administra -
tion of diuretics and venodilators (see above), but care 
must be taken to avoid over diuresis and arterial hypo -
tension. Arterial vasodilation is contraindicated in acute 
heart failure caused by diastolic dysfunction.

In severe cases, dobutamine infusions may be indi -
cated to increase cardiac output and relieve oedema. 
Although dobutamine is usually referred to as a positive 
inotrope, it also has powerful lusitropic (promotes ventric -
ular relaxation) effects. Administration of a dobutamine 
CRI to cats with severe pulmonary oedema, together with 
cautious diuretic therapy, can lead to rapid resolution of 
the pulmonary oedema without induction of severe dehy -
dration. Pimobendan may be useful as well in such cases, 
although this is currently an off-label use in cats.

In cats that have sinus or other supraventricular tachy -
cardias, administration of a calcium channel blocking 
agent (such as diltiazem) may improve diastolic function  
by slowing heart rate. Once the pulmonary oedema has 
resolved, beta-blocking agents can be used instead of cal -
cium channel blockers to slow the heart rate if preferred. 
However, the use of beta-blockers is contraindicated if 
CHF is present, or if calcium channel blockers or dobu -
tamine are already being used.

Pericardial effusion

• It prevents extension of infection or inflammatory 
processes to the myocardium from other structures 
within the thoracic cavity.

Typically, the pericardium is thin and minimally disten -
sible and filled with a low volume of fluid (0.25 ml/kg). 
Pericardial effusion refers to an excessive accumulation of 
pericardial fluid and is the most frequently acquired peri -
cardial disease in dogs and cats. Cardiac tamponade 
occurs whenever the accumulation of fluid within the peri -
cardium compresses the cardiac chambers and prevents 
adequate cardiac filling. As the right side of the heart is  
relatively thin-walled and operates at low pressures, it  
is preferentially affected in comparison with the left side of 
the heart. Increased pericardial fluid results in restriction  
of RA filling, diastolic RA collapse and subsequently dia -
stolic RV collapse. Signs of right-sided CHF predominate.

Cardiac tamponade may occur with small- or large- 
volume effusions, depending on how quickly the peri-
cardial fluid accumulates. Large pericardial effusions 
suggest a more chronic process in which the pericardium 
has had sufficient time to distend, whilst small amounts of 
pericardial fluid suggest a more acute process with rapid 
accumulation of fluid (e.g. following intrapericardial bleed -
ing from a neoplasm or atrial rupture). Patients are typically 
tachycardic to maintain cardiac output in the face of 
reduced stroke volume. 

Cardiac tamponade is more frequently encountered in 
dogs and is rare in cats. Rarely, a minimal effusion may 
result in significant tamponade if constrictive pericarditis 
(constrictive–effusive) is present. In this situation, the peri -
cardium is very stiff, thick and fibrotic, and minimal fluid 
accumulation will cause severe intrapericardial pressure 
elevation and significant haemodynamic compromise. 
Diagnosis can be difficult in these cases.

During a normal respiratory cycle, inspiration reduces 
intrathoracic pressure and improves venous return to the 
heart and right-sided filling. In the presence of cardiac 
tamponade, the increased systemic venous return 
expands the right side of the heart and directly compro -
mises filling of the left side, with subsequent decreased 
cardiac output. The fall in arterial pressure that occurs 
during inspiration is called pulsus paradoxus.

History
Patients that develop pericardial effusion acutely (within 
the previous 24 hours) are usually suddenly unwell, weak, 
lethargic and unable to stand or walk. Chronic cases 
where the pericardial effusion has developed over several 
days to weeks often have a history of gradual progression 
of weakness, exercise intolerance, abdominal distension 
(hepatomegaly, ascites), marked recent weight gain (3–5 
kg) and sometimes exertional syncope. Polydipsia is fre -
quently described in the 24–48 hours before presentation 
in cardiac tamponade. This is likely to be due to activation 
of neurohormonal compensatory mechanisms as cardiac 
output falls.

Clinical signs and physical examination
Acute cases that present in obstructive shock are often in 
lateral recumbency or severely weak with pale or cyanotic 
mucous membranes, tachycardia, muffled heart sounds, 
weak femoral pulses and cold peripheral extremities. 
Ascites is usually not present or is just mild.

Chronic cases usually have tachycardia, weak femoral 
pulses or occasionally pulsus paradoxus, muffled heart 

Key points
• Typical clinical signs/physical examination findings: 

weakness, syncope, distended jugular veins, weak 
femoral pulses, tachycardia, muffled heart sounds 
and ascites. Patients with acute cardiac tamponade 
may present in cardiogenic shock.

• Diagnosis: echocardiography is the most sensitive 
and specific test for diagnosing and assessing the 
clinical relevance of a pericardial effusion.

• Treatment: pericardiocentesis is the treatment of 
choice for pericardial decompression and should 
be performed as an emergency procedure 
whenever there is evidence of cardiac tamponade 
(RA or RV collapse identified on echocardiography). 
In cats, pericardiocentesis is generally not 
necessary because cardiac tamponade is rare.

• Prognosis: The prognosis for dogs with 
pericardial effusion is quite variable; it may be 
good to excellent in cases of idiopathic 
pericarditis, fair in cases of heart base tumours 
(chemodectomas) or mesotheliomas, and poor in 
cases of haemangiosarcoma. In cats with 
pericardial effusion secondary to CHF and 
advanced cardiac disease, the prognosis is 
typically poor.

The pericardium is a fibrous sac surrounding the heart and 
has three main functions:

• It anchors the heart in position within the thorax
• It provides external support for the heart, which 

prevents excessive cardiac chamber dilatation
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sounds, jugular vein distension or positive hepatojugular 
reflux (distended jugular veins once sustained pressure is 
applied to the abdomen), hepatomegaly, ascites and/or 
pleural effusion (dyspnoea/tachypnoea, ventrally muffled 
lung sounds). In large pericardial effusions, there may be a 
direct compressive effect of the enlarged heart causing 
tachypnoea or coughing.

A constellation of signs termed ‘Beck’s triad’ (weak 
arterial pulses, distended jugular veins and muffled heart 
sounds) is considered almost pathognomonic for peri -
cardial effusion. Occasionally, pericardial effusion can pre -
sent with non-specific clinical signs. Patients are vaguely 
unwell and may present with lethargy, reduced appetite, 
abdominal pain, weight loss, vomiting or cough, thereby 
making the diagnosis challenging. Thus, the differential 
diagnoses of pericardial effusion and cardiac tamponade 
should be borne in mind for dogs presenting with tachy -
cardia or relative tachycardia and vague signs.

Diagnosis
U-SEE examination
Echocardiography: This is the most sensitive and specific 
test for pericardial effusion. U-SEE ECHO should be per-
formed immediately in any case presented in cardiogenic 
or obstructive shock, so that pericardial effusion can  
be rapidly diagnosed and an appropriate stabilization 
approach initiated (intravenous fluids, pericardiocentesis). 
It should also be performed in any case presented with 
ambiguous clinical signs, weakness and tachycardia.

In stable patients, a more thorough (complete) echo -
cardiographic examination is desirable as it is easier to 
identify masses when there is pericardial effusion sur -
rounding the heart, as it creates a better acoustic window 
(better contrast). Ideally, an experienced echocardio -
grapher should perform such an examination, but if this is  
not possible, U-SEE ECHO (see Figures 6.3, 6.7 and 6.8) 
and emergency pericardiocentesis should be performed. 
Echocardiography has been shown to be highly specific 
(100%) and sensitive (82%) for the detection of cardiac 
masses, as well as having high positive (100%) and nega-
tive (75%) predictive values (MacDonald et al., 2009).

In RPLA and RPSA views, pericardial effusion appears 
as a hypoechoic or anechoic area around the heart (see 
Figure 6.18). In cases of large-volume effusions, a swinging 
motion of the heart in the pericardial space is seen. 
Cardiac tamponade is present when there is RA inversion/
collapse; occasionally, this collapse can also be observed 
involving the RV free wall. It is typically seen transiently  
in diastole but may persist throughout the cardiac cycle in 
more severe cases.

• Masses are most frequently detected in/on the right 
auricle, suggestive of a haemangiosarcoma (Figure 
6.33a), or at the heart base (around the aorta), 
suggestive of a heart base tumour (most commonly 
chemodectomas) (Figure 6.33b). The differentiation 
between RA and heart base masses is very important 
because the latter are typically associated with a much 
better prognosis and pericardectomy may improve 
survival

• In addition to the typical location in the RA, 
haemangiosarcomas often have a cystic appearance 
with small hypoechoic foci, whilst heart base tumours 
have a more homogeneous echogenicity.

It is also worth considering evaluation of the spleen for 
a primary mass or metastases. The presence of a splenic 
mass and pericardial effusion is suggestive of haemangio -
sarcoma and is helpful in prognostication. In one study, 
29% of dogs with RA haemangiosarcoma had concurrent 
splenic haemangiosarcoma (Boston et al., 2011). However, 
as there are other more benign and incidental causes for 
splenic masses, patients should be stabilized by peri  - 
cardio centesis until further diagnostic tests and evalua -
tion are performed.

PRACTICAL TIP

RA collapse is best seen on the RPLA view, while RV 
free wall inversion is better evaluated on the RPSA 
view (at the level of the heart base or papillary muscles)

Echocardiographic evaluation for cardiac tamponade  
is mandatory because in these cases pericardial effu  -
sion is haemodynamically relevant and pericardiocentesis 
should be performed urgently:

• The cardiac chambers are usually small and under- 
filled due to the high intrapericardial pressure and 
reduced preload. As a result, the ventricular walls may 
appear thicker than normal (pseudohypertrophy)
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two types of neoplasm is important because they are associated with 
�†�‹�¡�‡�”�‡�•�–���’�”�‘�‰�•�‘�•�‡�•�ä���������¯���Ž�‡�ˆ�–���ƒ�–�”�‹�—�•�â���������¯���Ž�‡�ˆ�–���˜�‡�•�–�”�‹�…�Ž�‡�â���������¯���”�‹�‰�Š�–��
�˜�‡�•�–�”�‹�…�Ž�‡�ä

6.33

(a)

(b)
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In cats, LV wall thickness and LA size should be 
assessed on a RPLA and/or RPSA view. CHF is the most 
common cause of pericardial effusion in this species  
and HCM is the most frequently diagnosed feline cardio  - 
myopathy.

Blood pressure
Hypotension is observed in severe cardiac tamponade and 
obstructive cardiogenic shock. A systolic blood pressure 
<90 mmHg or mean blood pressure <60 mmHg reflects 
severe haemodynamic compromise and a life-threatening 
condition that should prompt immediate pericardiocentesis.

Clinical pathology
Several haematological and blood chemistry changes may 
be observed with pericardial effusion, although they lack 
specificity.

• Anaemia, if present, is typically mild, normocytic, 
normochromic and non-regenerative. Morphological 
red blood cell abnormalities, such as schistocytes or 
acanthocytes, may be seen with haemangiosarcoma, 
although they are not regularly present.

• Thrombocytopenia can occur due to consumption of 
platelets.

• Increased liver enzymes (mild to moderate increase).
• A coagulation profile should be performed in cases 

where there is a suspicion that a coagulopathy and 
spontaneous bleeding may be the cause of the 
pericardial effusion. This may reveal clinical or 
subclinical evidence of a coagulopathy.

• Cardiac troponin I may be useful in discriminating 
between different causes of pericardial effusion (mainly 
cardiac haemangiosarcoma). A cut-off of >0.25 ng/ml 
has been suggested to detect cardiac 

(a) Left lateral and 
(b) ventrodorsal 

thoracic radiographs from a 
�†�‘�‰���™�‹�–�Š���Ž�ƒ�”�‰�‡�æ�˜�‘�Ž�—�•�‡��
�’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•�ä�����‘�–�‡���–�Š�‡��
severe cardiomegaly, 
rounded shape and sharp 
margins of the cardiac 
�•�‹�Ž�Š�‘�—�‡�–�–�‡�ä�����•���–�Š�‡���Ž�ƒ�–�‡�”�ƒ�Ž��
view the shape of the cardiac 
silhouette resembles a 
�î�ˆ�‘�‘�–�„�ƒ�Ž�Ž�ï�ä

6.35

(a)

(b)

Pitfalls in U-SEE ECHO
• A severely enlarged LA and pleural effusion can 

sometimes be confused with pericardial effusion.
• Non-neoplastic causes of mass effects: these 

include enlarged atria and auricular appendage, 
papillary muscles or attachments, hyperechoic foci in 
the AV groove (RA to RV transition) and heart base 
– typically fat, thrombus in the pericardial sac in 
cases of atrial tears, consolidated or collapsed lung 
lobe and fibrin tags.

Electrocardiography: This is an insensitive test for peri-
cardial effusion. Sinus tachycardia is the most frequent 
rhythm observed. More specific findings for pericardial 
effusion are low-voltage QRS complexes (<1 mV) and elec-
trical alternans, which represents an alternating variation in 
the height of the QRS complexes, postulated to reflect 
swinging of the heart within the fluid-filled pericardium 
(Figure 6.34). Supraventricular and ventricular arrhythmias 
(isolated VPCs are more frequent than ventricular tachy-
cardia) may be observed. It is important to differentiate 
ventricular tachycardia from an accelerated idioventricular 
rhythm (ventricular rate <160 bpm), which is often a benign 
arrhythmia that can be seen in cases of severe systemic 
disease (commonly seen in animals with splenic masses) 
(see Figure 6.46).

���‡�ƒ�†�����á���������ƒ�•�†���������������
���”�‡�…�‘�”�†�‹�•�‰���ˆ�”�‘�•���ƒ���]�æ�›�‡�ƒ�”�æ�‘�Ž�†���
�‡�”�•�ƒ�•��
���Š�‡�’�Š�‡�”�†�����‘�‰���™�‹�–�Š���•�‡�˜�‡�”�‡���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•���•�Š�‘�™�‹�•�‰��

�‡�Ž�‡�…�–�”�‹�…�ƒ�Ž���ƒ�Ž�–�‡�”�•�ƒ�•�•�ä�����‘�–�‡���–�Š�‡���˜�ƒ�”�‹�ƒ�–�‹�‘�•���‹�•���Š�‡�‹�‰�Š�–���‘�ˆ�����������…�‘�•�’�Ž�‡�š�‡�•���™�‹�–�Š��
�ƒ�Ž�–�‡�”�•�ƒ�–�‹�•�‰���„�‡�ƒ�–�•�ä�����ƒ�’�‡�”���•�’�‡�‡�†���Y�T���•�•���•�â���‰�ƒ�‹�•���Y���•�•���•���ä
�����‘�—�”�–�‡�•�›���‘�ˆ�����”�������
�Ž�ƒ�—�•��

6.34

Radiography
Radiography is generally insensitive in cases of low- 
volume pericardial effusions. In patients with large effu -
sions, the cardiac silhouette is round with sharply defined 
borders (sometimes described as a ‘football’ or ‘pumpkin’ 
shaped cardiac silhouette) and there is increased dia -
phragmatic overlap and tracheal elevation (Figure 6.35). In 
cases of cardiac tamponade and right-sided CHF, a dis -
tended caudal vena cava, hepatomegaly, abdominal effu -
sion (loss of abdominal detail) and pleural effusion may be 
present. The radiograph should also be evaluated for  
the presence of a heart base mass, which is seen as a soft 
tissue opacity over the heart and displacement of the  
trachea (dorsally on lateral views and laterally on dorso-
ventral/ventrodorsal views). Metastases should be checked 
for, although thoracic radiographs may have a low sensi -
tivity for the detection of pulmonary metastases compared 
with computed tomography (CT).

Ch06 Emergency.indd   78 22/02/2018   16:09



Chapter 6 · Cardiovascular emergencies

79

haemangiosarcoma in dogs with pericardial effusion, 
with a sensitivity of 81% and specificity of 100% (Chun 
et al., 2010). However, inconsistent results are found in 
the literature.

• Peritoneal effusion is typically a modified transudate.
• Pericardial fluid analysis in dogs usually classifies it as 

haemorrhagic fluid. Neoplasia is difficult to diagnose 
from pericardial fluid samples since 
haemangiosarcoma and mesothelioma exfoliate  
poorly and neoplastic mesothelial cells may be  
hard to distinguish from reactive mesothelial cells.  
An exception is cardiac lymphoma, which is more 
exfoliative and cytology may be diagnostic.  
Infectious causes of pericardial effusion are rare but 
can occur secondary to penetrating wounds and 
migrating foreign bodies, particularly grass seeds. 
Cytology may be useful to exclude an infectious 
aetiology and culture is sensible if an infectious  
cause is suspected.

Pericardial effusions in dogs
The most common causes of pericardial effusion in  
dogs are cardiac neoplasia and idiopathic pericarditis 
(Figure 6.36). The most frequently affected breeds are 
Golden Retrievers, Labrador Retrievers and German 
Shepherd Dogs.

���›�’�‡���‘�ˆ���‡�¡�—�•�‹�‘�• Causes �	�‡�ƒ�–�—�”�‡�•���ƒ�•�†���’�”�‘�‰�•�‘�•�‹�•

Dogs

Haemorrhagic

���•�‘�•�æ�…�Ž�‘�–�–�‹�•�‰�á���—�•�Ž�‡�•�•���ƒ�…�—�–�‡��
haemorrhage)

Haemangiosarcoma ���‘�•�–���ˆ�”�‡�“�—�‡�•�–���…�ƒ�—�•�‡���‘�ˆ���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•���ƒ�¡�‡�…�–�‹�•�‰���–�Š�‡���”�‹�‰�Š�–���ƒ�–�”�‹�—�•���ƒ�•�†��
�”�‹�‰�Š�–���ƒ�—�”�‹�…�Ž�‡�ä�����Ž�†�‡�”���Ž�ƒ�”�‰�‡�æ�„�”�‡�‡�†���†�‘�‰�•�����
�‡�”�•�ƒ�•�����Š�‡�’�Š�‡�”�†�����‘�‰�•�á���
�‘�Ž�†�‡�•��
���‡�–�”�‹�‡�˜�‡�”�•�á�����ƒ�„�”�ƒ�†�‘�”�����‡�–�”�‹�‡�˜�‡�”�•���ä�����”�‘�‰�•�‘�•�‹�•���’�‘�‘�”

Heart base tumour (most commonly 
chemodectoma)

���‘�•�–���…�‘�•�•�‘�•���‹�•���„�”�ƒ�…�Š�›�…�‡�’�Š�ƒ�Ž�‹�…���„�”�‡�‡�†�•�ä�����”�‘�‰�•�‘�•�‹�•���ˆ�ƒ�‹�”���–�‘���‰�‘�‘�†���™�‹�–�Š��
pericardectomy

Mesothelioma ���‹�¥�…�—�Ž�–���–�‘���†�‹�ƒ�‰�•�‘�•�‡���‡�˜�‡�•���™�‹�–�Š���Š�‹�•�–�‘�Ž�‘�‰�›�ä�����”�‘�‰�•�‘�•�‹�•���ˆ�ƒ�‹�”���™�‹�–�Š��
�’�‡�”�‹�…�ƒ�”�†�‡�…�–�‘�•�›���¬���…�Š�‡�•�‘�–�Š�‡�”�ƒ�’�›

Idiopathic pericarditis ���‡�†�‹�—�•���–�‘���Ž�ƒ�”�‰�‡�æ�„�”�‡�‡�†���†�‘�‰�•�����
�‘�Ž�†�‡�•�����‡�–�”�‹�‡�˜�‡�”�•���ä�����”�‘�‰�•�‘�•�‹�•���‰�‘�‘�†���–�‘��
excellent with pericardectomy

Lymphoma ���ƒ�”�‡�ä�����¡�—�•�‹�‘�•���…�ƒ�•���„�‡���Š�ƒ�‡�•�‘�”�”�Š�ƒ�‰�‹�…���•�‡�”�‘�•�ƒ�•�‰�—�‹�•�‡�‘�—�•���‘�”���–�”�ƒ�•�•�—�†�ƒ�–�‹�˜�‡

Left atrial rupture ���‡�˜�‡�”�‡�����������ä�����•�ƒ�Ž�Ž�æ�„�”�‡�‡�†���†�‘�‰�•�ä�����”�‘�‰�•�‘�•�‹�•���’�‘�‘�”

Coagulopathy Rare

Trauma

Transudate Congestive heart failure �
�‡�•�‡�”�ƒ�Ž�Ž�›���•�•�ƒ�Ž�Ž�æ�˜�‘�Ž�—�•�‡���‡�¡�—�•�‹�‘�•�á���…�ƒ�”�†�‹�ƒ�…���–�ƒ�•�’�‘�•�ƒ�†�‡���‹�•���”�ƒ�”�‡

Hypoalbuminaemia

���‘�š�ƒ�‡�•�‹�ƒ�����‡�ä�‰�ä���—�”�ƒ�‡�•�‹�ƒ��

Exudate Migrating foreign body

Penetrating wounds

Leptospirosis, distemper, uraemia ���–�‡�”�‹�Ž�‡���‡�š�—�†�ƒ�–�‹�˜�‡���‡�¡�—�•�‹�‘�•

Cats

���‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•�•���‹�•���…�ƒ�–�•���ƒ�”�‡���–�›�’�‹�…�ƒ�Ž�Ž�›���•�‹�Ž�†���ƒ�•�†���–�ƒ�•�’�‘�•�ƒ�†�‡���‹�•���”�ƒ�”�‡�á���•�‘���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���ª�—�‹�†���ƒ�•�ƒ�Ž�›�•�‹�•���‹�•���‰�‡�•�‡�”�ƒ�Ž�Ž�›���•�‘�–���’�—�”�•�—�‡�†�ä�����ƒ�•�’�‘�•�ƒ�†�‡���‹�•���•�‘�”�‡���Ž�‹�•�‡�Ž�›��
�™�‹�–�Š���•�‡�‘�’�Ž�ƒ�•�‹�ƒ���‘�”���‹�•�ˆ�‡�…�–�‹�‘�—�•���…�ƒ�—�•�‡�•�����‡�ä�‰�ä���ˆ�‡�Ž�‹�•�‡���‹�•�ˆ�‡�…�–�‹�‘�—�•���’�‡�”�‹�–�‘�•�‹�–�‹�•��

Transudate Congestive heart failure ���‘�•�–���…�‘�•�•�‘�•���…�ƒ�—�•�‡���‹�•���…�ƒ�–�•�ä�����‘�•�–���ˆ�”�‡�“�—�‡�•�–�Ž�›���†�‡�•�…�”�‹�„�‡�†���‹�•�����������³�����������³��
�������ä�����”�‘�‰�•�‘�•�‹�•���‰�—�ƒ�”�†�‡�†���–�‘���’�‘�‘�”

Haemorrhagic ���‡�‘�’�Ž�ƒ�•�‹�ƒ�����‡�ä�‰�ä���Ž�›�•�’�Š�‘�•�ƒ�� ���¡�—�•�‹�‘�•���…�ƒ�•���„�‡���Š�ƒ�‡�•�‘�”�”�Š�ƒ�‰�‹�…���•�‡�”�‘�•�ƒ�•�‰�—�‹�•�‡�‘�—�•���‘�”���–�”�ƒ�•�•�—�†�ƒ�–�‹�˜�‡�ä�����‘�•�–��
�ˆ�”�‡�“�—�‡�•�–���…�ƒ�—�•�‡���ƒ�ˆ�–�‡�”���…�‘�•�‰�‡�•�–�‹�˜�‡���Š�‡�ƒ�”�–���ˆ�ƒ�‹�Ž�—�”�‡�ä�����”�‘�‰�•�‘�•�‹�•���ˆ�‘�”���Ž�›�•�’�Š�‘�•�ƒ��
occasionally reasonable with chemotherapy

Exudate Feline infectious peritonitis ���–�‡�”�‹�Ž�‡���‡�š�—�†�ƒ�–�‹�˜�‡���‡�¡�—�•�‹�‘�•�•�ä���	�‡�Ž�‹�•�‡���‹�•�ˆ�‡�…�–�‹�‘�—�•���’�‡�”�‹�–�‘�•�‹�–�‹�•���‹�•���–�Š�‡���–�Š�‹�”�†���•�‘�•�–��
�…�‘�•�•�‘�•���…�ƒ�—�•�‡���‘�ˆ���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•���‹�•���…�ƒ�–�•Toxoplasmosis

Systemic infection

���‘�–�‡�•�–�‹�ƒ�Ž���…�ƒ�—�•�‡�•�á���ˆ�‡�ƒ�–�—�”�‡�•���ƒ�•�†���’�”�‘�‰�•�‘�•�‹�•���‘�ˆ���’�‡�”�‹�…�ƒ�”�†�‹�ƒ�Ž���‡�¡�—�•�‹�‘�•�•���‹�•���†�‘�‰�•���ƒ�•�†���…�ƒ�–�•�ä�������������¯���Š�›�’�‡�”�–�”�‘�’�Š�‹�…���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�â�� 
�����������¯���•�›�š�‘�•�ƒ�–�‘�—�•���•�‹�–�”�ƒ�Ž���˜�ƒ�Ž�˜�‡���†�‹�•�‡�ƒ�•�‡�â�����������¯���”�‡�•�–�”�‹�…�–�‹�˜�‡���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�â�����������¯���—�•�…�Ž�ƒ�•�•�‹�¤�‡�†���…�ƒ�”�†�‹�‘�•�›�‘�’�ƒ�–�Š�›�ä6.36

Cardiac neoplasia
Two tumour types are by far the most commonly diag -
nosed: haemangiosarcoma and chemodectoma. Staging 
of suspected tumours is rarely performed, although CT 
and magnetic resonance imaging (MRI) for surgical plan-
ning and metastasis screening is possible. Referral to an 
oncologist should always be considered.

Haemangiosarcoma: This is the most common cause of 
pericardial effusion in dogs, frequently affecting older 
large-breed dogs (particularly German Shepherd Dogs 
and Golden Retrievers). It shows a predilection for the right 
auricle and RA, but may extend along the right AV groove 
or involve the RV wall (see Figure 6.33a). These masses 
may also extend into the pericardial space or atrial lumen. 
Haemangiosarcomas are highly malignant neoplasms of 
the vascular endothelium and consequently tend to metas -
tasize rapidly. Metastases are frequently present by the 
time of diagnosis.

Cardiac haemangiosarcomas have been managed  
with palliative surgery and chemotherapy; however, they 
are usually associated with systemic spread, particularly 
splenic and hepatic involvement and pulmonary meta -
stases. The prognosis is poor and pericardiocentesis is 
often associated with rapid reoccurrence of effusion 
within days.
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Heart base tumours: These are typically chemodectomas 
and are usually associated with the ascending aorta. 
Common breeds affected include Boxers, Boston Terriers 
and English Bulldogs. It has been suggested that these 
tumours may develop more frequently in brachycephalic 
breeds due to chronic hypoxia. They may appear as a 
mass adherent to the aorta or as a large mass arching over 
the heart base and encompassing the great vessels (see 
Figure 6.33b). Heart base tumours are usually slow-grow-
ing and benign, although some may be more aggressive, 
such as ectopic thyroid tumours. Surgical debulking has 
been reported in association with pericardectomy, but  
pericardectomy alone is associated with a good prog -
nosis. In one retrospective study, median survival in dogs 
with chemodectoma following pericardectomy was 730 
days (Ehrhart et al., 2002).

Mesothelioma: This is a diffuse neoplasm of the pericar-
dium and sometimes the pleural surfaces. Mesothelioma 
may be extremely difficult to diagnose even with histolog -
ical samples, and it is very difficult to distinguish pericar -
dial effusion secondary to mesothelioma from idiopathic 
pericardial effusion. Rarely, discrete cardiac masses may 
be seen. It is possible that chronic inflammatory changes 
within the pericardium (e.g. due to chronic or recurrent 
effusion) may predispose to mesothelioma development. 
Prognosis is fair, with reported survival times of 4–9 
months with pericardectomy and 14 months with pericard -
ectomy plus chemotherapy.

Idiopathic pericarditis
Idiopathic pericardial effusion is a diagnosis of exclusion. 
Many cases are classified as idiopathic because no infec -
tious, immune or neoplastic cause can be identified. 
Exclusion of alternative causes usually requires compre -
hensive echocardiography and pericardial fluid assess -
ment, and may also involve exploratory thoracotomy or 
thoracoscopy and pericardial biopsy. Golden Retrievers 
and large breeds may be predisposed to the development 
of idiopathic pericarditis.

Idiopathic effusions may resolve completely following 
drainage and never recur. However, in a significant number 
of cases effusion redevelops. If effusion recurs, this should 
not be immediately attributed to an underlying neoplastic 
cause, although this is often impossible to exclude. 
Recurrent idiopathic effusions are best managed with peri -
cardectomy. Prognosis is good to excellent.

There is no difference between neoplastic and non-
neoplastic causes in the incidence of bicavitary effusion, 
ascites or pleural effusion (MacDonald et al., 2009). Thus, 
these signs cannot be used as diagnostic clues or prog -
nostic factors.

Pericardial effusions in cats
CHF is the most common cause of pericardial effusion in 
cats (see Figure 6.36). CHF-associated pericardial effusion 
is generally mild and not haemodynamically relevant. 
Other less frequent causes of pericardial effusion include 
neoplasia (lymphoma, adenocarcinoma) and feline infec-
tious peritonitis (FIP). Cardiac tamponade is rare in cats, 
so generally there is no need for pericardiocentesis. Large 
volumes of pericardial effusion are more likely to be seen 
with FIP and neoplasia. HCM has been described as the 
most common cardiomyopathy associated with CHF and 
pericardial effusion (Hall et al., 2007). The prognosis is 
generally guarded because pericardial effusion is asso -
ciated with advanced cardiac disease.

Treatment
Haemodynamic support
Pericardial effusion in dogs is rarely secondary to 
advanced underlying structural heart disease and asso -
ciated CHF. Thus, diuretics are not indicated. In fact, 
reduction of circulating blood volume through unneces -
sary diuresis can exacerbate poor cardiac output by 
reducing cardiac filling pressures (preload). In an emer-
gency situation, dogs with pericardial effusion and cardiac 
tamponade may derive short-term benefit from an increase 
in filling pressures (intravenous fluids as emergency stabili -
zation prior to therapeutic pericardiocentesis). This may 
seem counterintuitive, as these patients present with clini -
cal signs of right-sided CHF; however, right-sided CHF is a 
consequence of high intrapericardial pressures with com -
pression of the RA and RV, preventing the venous blood 
from entering the right heart.

Pericardial drainage
Pericardiocentesis is the treatment of choice whenever 
there is cardiac tamponade, and this can be both diag -
nostic and therapeutic. Pericardial drainage may be per -
formed from the right or left side and with the patient in 
lateral or sternal recumbency (Figures 6.37 and 6.38). The 
right side is generally recommended because the major 
coronary arteries are located on the left. A large area is 
clipped caudal to the elbow, from the 4th to the 8th rib, 
and a bleb of local anaesthetic (2% lidocaine without 
adrenaline) is injected slowly whilst the needle is with -
drawn from the pleura, through the musculature and  
subcutis. Ideally, ultrasonography should be used to con -
firm the diagnosis of pericardial effusion and guide the 
catheter approach.

Concurrent electrocardiography is useful to help moni -
tor the patient during the procedure and under any seda -
tion. Depending on the underlying pathology, arrhythmias 
may be common during the procedure. However, during 
catheter placement, sudden arrhythmias (particularly 
VPCs) may suggest myocardial irritation by the tip of the 
catheter, prompting catheter withdrawal and repositioning.

Pericardial effusions can be drained with a large-bore 
catheter or a specialized pericardial drainage catheter. 
Safe pericardial catheter insertion requires the patient to 
be relaxed and still. Thus, there is benefit in providing 
sedation to minimize stress and discomfort to the patient 

• Clippers
• Intravenous catheter for sedatives, emergency general 
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• ���…�ƒ�Ž�’�‡�Ž���„�Ž�ƒ�†�‡�������‘�ä���U�U���‘�”���U�Y��
• �U�X���U�\���
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• �U�\���V�T���
���‘�˜�‡�”�æ�–�Š�‡���•�‡�‡�†�Ž�‡���…�ƒ�–�Š�‡�–�‡�”���‘�”���U�]���
���„�—�–�–�‡�”�ª�›���•�‡�‡�†�Ž�‡���ˆ�‘�”���…�ƒ�–�•
• �V�T���•�Ž�����…�ƒ�–�•�����‘�”���Y�T���•�Ž�����†�‘�‰�•�����•�›�”�‹�•�‰�‡
• ���Š�”�‡�‡�æ�™�ƒ�›���•�–�‘�’�…�‘�…�•
• Extension tubing
• Kidney dish
• Slides, EDTA tube, plain tube, culture swab
• ���Ž�–�”�ƒ�•�‘�—�•�†���•�ƒ�…�Š�‹�•�‡���ƒ�•�†�������
�����‹�†�‡�ƒ�Ž�Ž�›��
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repeated pericardiocentesis, in one study (Humm et al ., 
2009). As arrhythmias were the most frequently reported 
problem, Humm et al. (2009) recommended that, when-
ever possible, patients be monitored continuously by 
electro cardiography for at least 24 hours following peri  - 
cardiocentesis.

Surgery
Surgical management involving exploration and pericardial 
fenestration or subtotal pericardectomy is indicated in 
recurrent cases of pericardial effusion, suspected con -
strictive or infective pericarditis, and suspected heart base 
tumours or mesothelioma. There is some evidence to  
suggest improved outcomes in cases managed with thora -
cotomy (subtotal pericardectomy) and surgical exploration 
in comparison with minimally invasive thoracoscopic  
surgery (Case et al., 2013). Subtotal pericardectomy via 
thoracoscopy may yield the same results as thoracotomy, 
but this needs further investigation.

Cardiac arrhythmias
Bradyarrhythmias
Sinus bradycardia
This is a sinus rhythm that is inappropriately slow for the 
breed and clinical status of the patient. Generally, sinus 
bradycardia is not a primary problem but occurs second -
ary to increased vagal tone due to extra-cardiac disease 
(e.g. increased intracranial pressure, brachycephalic 
obstructive airway syndrome, gastrointestinal disease), 
drugs (e.g. beta-blockers, anaesthetics), hypothermia  
and electrolyte disturbances (e.g. hyperkalaemia). Clinical 
signs vary depending on heart rate and range from the 
absence of signs to weakness and exercise intolerance.

Atropine administration should increase the heart rate if 
the cause is increased vagal tone, as atropine is a para-
sympatholytic drug (see below). Treatment is only neces -
sary if the slow heart rate results in low cardiac output and 
associated clinical signs. If the patient is symptomatic  
and responsive to atropine, chronic oral anticholinergic 
(e.g. propantheline bromide) or sympathomimetic (e.g. 
terbutaline, theophylline) therapy should be provided.

Second-degree atrioventricular block
Second-degree AV block (Figures 6.39 and 6.40) is  
present when one or more (but not all) atrial impulses fail 
to conduct to the ventricles due to impaired conduction 
through the AV node. Second-degree AV block is termed 
either low-grade or high-grade. High-grade block is  
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• Left lateral recumbency with right dorsal approach preferred
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lung (approach via the cardiac notch)
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• Clip a large area of the right thorax caudal to the elbow (from the 
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from the pleura, through the musculature and subcutis)
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electrocardiography

from the procedure (see Figure 6.37). Sedation also 
reduces the potential for contamination of the pericardial 
catheter equipment and drainage site.

It has been recommended that correct catheter place -
ment be confirmed by withdrawing fluid into a plain tube 
and assessing for clotting. Pericardial fluid is typically 
haemorrhagic but should not clot in a plain tube that is 
constantly inverted. If the heart has accidentally been 
punctured, the effusion collected is more likely to clot and 
significant ventricular arrhythmias are expected. The PCV 
of pericardial fluid should be less than that of peripheral 
blood unless an acute pericardial bleed has occurred.

Following pericardial decompression, ascites typically 
resolves after a couple of days and diuretic therapy is gen -
erally unnecessary.

Pericardiocentesis is contraindicated if there is sus -
pected coagulopathy, active pericardial haemorrhage or 
an atrial tear. Complications of pericardial drainage include 
arrhythmia, cardiac puncture, coronary artery laceration, 
pneumothorax, infection and post-procedure discomfort.

Adverse events in the first 48 hours post-pericardio -
centesis have been described in 15% of cases, with dys -
rhythmias being the most common. There was no reported 
difference in the frequency of adverse events with neo -
plastic and non-neoplastic causes of effusion, nor with 
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Due to this, the PR interval varies and is not consistent. 
The subsidiary pacemakers in canine AV junctional tissue 
fire spontaneously at a rate of approximately 40–60 bpm. 
Those in the ventricular myocardium in dogs typically 
have a slower escape rate of approximately 20–40 bpm. 
Cats have higher ventricular escape rates (80–130 bpm). 
QRS complexes look wide and bizarre. The P waves  
look normal.

Idiopathic degenerative conduction disease with fibro -
sis of the AV node is thought to be the mechanism in many 
cases, since third-degree AV block is mainly seen in older 
animals. Occasionally, there may be an inflammatory 
cause (as suggested by spontaneous resolution therapy). 
This brady arrhythmia can be associated with hyperthyroid -
ism and cardiomyopathy in cats.

Clinical signs may not be present if the ventricular 
escape rate remains sufficiently high to maintain adequate 
cardiac output (50–60 bpm in dogs; 110–130 bpm in cats). 
However, clinical signs of weakness and syncope may 
commonly be seen and suggest periods where cardiac 
output is not adequate. This may occur because the 
escape rate is low or due to intermittent periods of ventri -
cular asystole – an unstable escape rhythm or paroxysms  
of ventricular tachycardia, leading to overdrive suppres -
sion of the escape rhythm (i.e. after the run of ventricular 
tachycardia ceases, the ventricular escape rhythm takes  
a while to start again, during which time there is ventri  -
cular asystole).

Clinical signs, if not present at rest, typically occur fol -
lowing mild exertion; it should be remembered that during 
exercise there is systemic vasodilatation, so in order to 
maintain systemic blood pressure, ventricular stroke vol -
ume and heart rate increase to increase cardiac output. 
However, if the heart rate is fixed and stroke volume is 
maximized due to third-degree AV block, exercise will 
cause a decrease in arterial blood pressure in these 
patients. If the decrease in blood pressure is severe 
enough, syncope occurs. Occasionally, patients with third-
degree AV block may present with signs of right-sided 
CHF (especially if the bradycardia has been chronic).

Usually, an atropine response test is negative and 
medical therapy is typically ineffective at restoring AV 
nodal conduction, as the problem is not increased vagal 
tone but rather fibrosis or inflammation. Concurrent  
inflammatory or infectious diseases should be treated. 
Permanent pacemaker implantation is the definitive treat -
ment for complete heart block.

���‡�ƒ�†�����á���������ƒ�•�†���������������
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present if the P waves are blocked so frequently at the AV 
node that two consecutively conducted beats are not evi -
dent on the ECG. Second-degree AV block is often 
described according to the ratio of P waves to QRS com -
plexes (e.g. 3:1 high-grade second-degree AV block 
means that for every three P waves present, only one 
conducts through the AV node to generate a QRS com -
plex). Second-degree AV block may also be classified as 
Mobitz type I (Wenckebach) or type II. In Mobitz type I 
there is a progressive conduction delay through the AV 
node before a complete block occurs, which is seen on 
electrocardiography as a progressive prolongation of the 
PR interval preceding a blocked P wave. In Mobitz type II 
the PR interval remains constant and conduction through 
the AV node is blocked abruptly.

Low-grade second-degree AV block and Mobitz type I 
block are typically caused by increased vagal tone (sec -
ondary to e.g. chronic respiratory disease, neurological 
disease or gastrointestinal disease). High-grade second-
degree AV block and Mobitz type II block are more  
commonly due to underlying pathology (fibrosis or inflam -
mation) of the cardiac conduction system.

Depending on ventricular rate, there may be no clinical 
signs or signs of weakness or exercise intolerance. Typi -
cally, clinical signs are not present with low-grade second-
degree AV block and therefore specific treatment is not 
necessary. However, the underlying cause of any increased 
vagal tone should be identified and treated if possible  
(e.g. chronic respiratory disease or digoxin toxicity).

Clinical signs are more likely with high-grade second-
degree AV block. Treatment is warranted if the patient  
is symptomatic. The response to atropine is usually mini -
mal or absent (see below). Patients with clinical signs 
(e.g. weakness, syncope) usually have very slow ventri-
cular rates in the presence of high-grade AV block. 
Treatment should be as for third-degree/complete AV 
block (see below).

Third-degree or complete atrioventricular block
The sinus node depolarizes the atria but each sinus 
impulse is blocked at the AV node and cannot reach the 
ventricles. Maintenance of cardiac output relies solely on 
slower subsidiary junctional or ventricular pacemaker 
cells, which depolarize the ventricles to produce ‘escape 
beats’ and ventricular contraction (see Figure 6.24).

On the ECG there is no relationship between the P 
waves and QRS complexes. This is called AV dissociation. 

Atropine response test
The atropine response test is performed by 
administering 0.04 mg/kg of atropine subcutaneously 
and repeating the ECG after 30 minutes. A positive 
response to atropine is considered to be resolution  
of the AV block and an increase in the heart rate to 
>160 bpm

Sick sinus syndrome
Sick sinus syndrome (SSS) (see Figure 6.25) is a conduc-
tion system disease involving the sinus node and is 
thought to be degenerative in nature. Various other regions 
of the cardiac conduction system can also be diseased 
(e.g. the AV node and ventricular escape foci).

ECG findings are variable and unpredictable, and can 
include a combination of some or all of the following:
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• Sinus arrest – can often be dramatic with cessation of 
atrial activity for >8 seconds

• Absence or delay of expected junctional or ventricular 
escape rhythms

• Supraventricular tachycardia (bradycardia–tachycardia 
syndrome or tachycardia–bradycardia syndrome)

• Sinus bradycardia.

Dogs with SSS can be asymptomatic or may present 
with episodic weakness and syncope (the latter is associ -
ated with long periods of sinus arrest and asystole). An 
atropine response test is usually performed to determine 
whether the bradycardia and sinus arrest are due to ele -
vated vagal tone. Most dogs with SSS have structural 
conduction disease and typically do not respond appro -
priately to atropine. However, SSS is highly influenced by 
autonomic tone; therefore, a partial or even (rarely) full 
response to atropine in a predisposed breed (West 
Highland White Terrier, Miniature Schnauzer, Dachshund, 
Cocker Spaniel) with clinical signs and ECG characteris -
tics suggestive of SSS does not exclude this diagnosis.

If a dog with a partial response does not respond  
to medical therapy, or if a dog with a negative atropine 
response test is symptomatic, permanent pacing is the 
gold standard therapy. Dogs with SSS often do very well 
with pacing. If a dog has a partial response to atropine 
(heart rate increases but to <160 bpm), medical therapy 
can be attempted. This can be in the form of a para  - 
sym patholytic drug (e.g. propantheline bromide) or a  
sympathomimetic drug (e.g. theophylline, terbutaline), or 
sometimes a combination of the two. Dogs with SSS may 
experience frequent syncope, which greatly affects the 
quality of life of these animals and their owners.

Atrial standstill
The diagnosis of atrial standstill (see Figure 6.26) is made 
when no P waves are evident on any lead of the ECG and 
the ECG criteria for atrial fibrillation are not met (i.e. slower 
and more regular rhythm with atrial standstill compared 
with a faster and more irregular rhythm with atrial fibrilla -
tion). P waves are not present on the ECG because the 
atria cannot be stimulated to be depolarized.

Loss of atrial muscle (atrial myopathy): In this condition 
the atria, sinus node and internodal tracts are destroyed, 
presumably by an inflammatory process. The AV junctional 
tissue takes over the rhythm and the ECG shows a junc -
tional escape rhythm at a rate of about 40–60 bpm. 
English Springer Spaniels are reportedly predisposed, 
although this arrhythmia can occur in other breeds as well 
as occasionally in cats. If atrial standstill is due to loss of 
atrial muscle, permanent ventricular pacemaker therapy is 
indicated to control syncope and signs of heart failure. The 
long-term prognosis has historically been regarded as 
poor due to the possibility of eventual involvement of the 
ventricular muscle, but a recent report showed survival 
times post pacemaker implantation similar to other brady -
arrhythmias, suggesting a longer survival than previously 
speculated (Cervenec et al., 2017).

Hyperkalaemia: Atrial myocardium is the tissue most sen -
sitive to hyperkalaemia. Increased extracellular potassium 
concentration rapidly inhibits the ability of the atrial myo -
cardial tissue to depolarize, before this effect is seen in the 
rest of the heart. The sinoatrial (SA) node and internodal 
tracts retain the ability to depolarize until very high potas -
sium levels develop. This results in the SA node still  

controlling the rhythm, but without atrial depolarization. 
The resulting rhythm is called a sinoventricular rhythm.  
If hyperkalaemia is present, this should be urgently  
addressed (see Chapter 5).

Patients with hyperkalaemia typically have several con -
comitant abnormalities, such as acid–base imbalances, 
hypovolaemia and pain, so they are not always brady -
cardic. Heart rate is not a reliable indirect means of 
assessing serum potassium levels because a normal or 
even increased heart rate does not exclude severe 
hyperkalaemia.

Tachyarrhythmias
Tachyarrhythmias can be differentiated according to 
whether the QRS complexes are narrow (i.e. normal width) 
or wide. Narrow QRS complexes suggest that conduction 
has occurred via the AV node. Since the location of 
impulse formation is ‘above the ventricle’ these rhythms 
are called supraventricular tachyarrhythmias. Wide QRS 
complexes generally suggest that the rhythm originated 
below the AV node and outside of the specialized conduc -
tion pathways of the ventricle. Thus, the wave of ventricular 
depolarization must have travelled from muscle cell to 
muscle cell, and so resulted in a wide QRS complex. 
These types of tachyarrhythmias are grouped according to 
the location of impulse formation as ‘ventricular’. It should 
be borne in mind that supraventricular tachyarrhythmias 
may occasionally have an aberrant conduction mimicking 
ventricular tachyarrhythmias.

Sinus tachycardia
Sinus tachycardia is a sinus rhythm at an inappropriately 
fast rate. This is usually a physiological response to some -
thing external and an underlying aetiology can usually be 
identified. Examples include sympathetic nervous system 
stimulation (e.g. fear, excitement, pain, fever, hyperthyroid -
ism, hypovolaemia, cardiac tamponade, heart failure, 
hypoxia, anaemia) and drugs (e.g. catecholamines, atro-
pine, terbutaline, theophylline). Specific treatment is not 
indicated for sinus tachycardia. If an underlying aetiology 
is present, this should be addressed.

Supraventricular premature depolarizations
Supraventricular premature depolarizations (Figure 6.41) 
originate from an abnormal site anywhere above the ventri -
cles. The abnormal site could be in the atrial myocardium 
or junctional tissue (AV node, bundle of His). Since it may 
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not be possible to distinguish a premature atrial depolari -
zation from a premature junctional depolarization, the term 
premature supraventricular depolarization is preferred. 
These single premature depolarizations occur at a faster 
rate than those from the SA node. Typically, premature 
depolarizations occur at a rate of >160 bpm.

The premature QRS complex is very similar in appear-
ance to the sinus QRS complex in all ECG leads (because 
the ventricular depolarization still uses the bundle of His, 
bundle branches and Purkinje fibres). A P wave may or 
may not be present and, if present, may or may not be nor -
mal in configuration and timing, depending on the site of 
origin of the supraventricular depolarization.

There are several reasons why a P wave might not be 
present on the ECG. It may be buried in the previous T 
wave if the beat is very premature. If the premature depo -
larization originates in the junctional tissue, retrograde pen -
etration of the atria may or may not occur. If it does occur, it 
typically happens at the same time as the ventricular depo -
larization, thus burying the P wave within the QRS complex.

Single premature supraventricular depolarizations do 
not need to be treated. This arrhythmia is not typically rec -
ognized in dogs or cats with a healthy cardiovascular  
system and therefore its recognition should prompt an 
investigation into the possibility of cardiac disease. It should 
also be remembered that non-cardiac diseases, such as 
electrolyte abnormalities, hypoxia and drug toxicities, can 
also lead to the development of these arrhythmias.

Supraventricular tachycardia
Supraventricular tachycardia (see Figure 6.21) is usually 
defined as three or more consecutive premature supra -
ventricular depolarizations in a row. The origin of the 
supraventricular tachycardia may be atrial or junctional (see 
above). The QRS complex configuration should be very 
similar to the normal sinus QRS complex in all ECG leads. 
The P wave may or may not be present, it may or may not 
be normal in appearance (positive or negative) and it may 
occur before, concurrent with or after the QRS complex.

The rate of supraventricular tachycardia in dogs  
can range from 170 to 350 bpm. Differentiation from sinus 
tachycardia can be difficult in some cases. Supra -
ventricular tachycardia in dogs is usually associated with 
underlying cardiac disease and less commonly is due to 
severe systemic disease. In some rare cases, supraven-
tricular tachycardia may be a primary condition. This type 
of supraventricular tachycardia is associated with AV  
conduction over an accessory pathway (re-entrant tachy -
cardia). It is more frequently seen in young animals. These 
primary arrhythmias may cause secondary myocardial  
failure if left untreated. The presence of clinical signs 
depends on the presence of severe underlying myocardial 
disease and the rate of the supraventricular tachycardia. 
Supraventricular tachycardia with rates of 250–300 bpm 
usually causes weakness or collapse, but rarely syncope. 
Cardiac output is significantly impaired at these high  
heart rates because diastolic filling time is inadequate. If a 
dog presents for weakness or collapse secondary to 
supraventricular tachycardia, this should be addressed as  
a medical emergency.

Vagal manoeuvres: The vagal tone should be increased  
to try to slow conduction through the AV node. These 
manoeuvres can be performed by applying ocular pres -
sure (gently to both eyes) or by carotid sinus massage 
(gentle massage of the upper neck behind the angle of  
the jaw) or both.

Precordial thump: This may achieve at least short-term 
conversion of the supraventricular tachycardia. With the 
dog in right lateral recumbency, the apex beat is located 
on the left side of the chest and thumped with the heel of 
the fist (strength dependent on the size of the patient). This 
is intended to produce a premature ventricular depolariza -
tion that may interrupt the supraventricular tachycardia.

Calcium channel blockers and beta-blockers: Calcium 
channel blockers (e.g. diltiazem) or beta-blockers (e.g. 
esmolol) can be administered intravenously. It should be 
remembered that moderate to severe myocardial failure is 
a relative contraindication to the administration of beta-
blockers due to their negative inotropic effects (i.e. they 
decrease myocardial contractility).
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Atrial fibrillation (see Figure 6.22) is typically associated 
with a rapid heart rate (usually >200 bpm) and supra-
ventricular morphology of the QRS complexes (narrow and 
upright complexes in lead II of the ECG). The rhythm is 
irregularly irregular and there is no identifiable pattern. P 
waves cannot be identified. The baseline may have irregu-
lar undulations (fibrillation waves). There may be variation 
in the height of the QRS complexes.

It should be noted that when atrial fibrillation is very 
rapid (>250 bpm) it may be difficult to identify that the 
rhythm is irregular. In this situation, identification is aided if 
a long ECG strip is printed at 50 mm/s so that the R–R 
irregularities are easier to detect. As a clinical tip, if a rapid 
irregular supraventricular tachycardia without identifiable  
P waves is seen, this should be assumed to be atrial fibril -
lation until proven otherwise.

Atrial contraction contributes about 20–25% to the car -
diac output. The loss of atrial contraction due to the devel -
opment of atrial fibrillation in dogs with serious heart 
disease can be very detrimental to cardiac output. Stroke 
volume and cardiac output decline and end-diastolic pres -
sure increases. Clinical deterioration occurs, possibly with 
the development of CHF. The sustained increase in heart 
rate can induce further myocardial systolic dysfunction 
over several weeks (tachycardiomyopathy).

On physical examination, the erratic cardiac rhythm and 
varying intensity of the heart sounds mean that these 
patients have distinct auscultation findings (sometimes 
described as sounding like ‘tennis shoes in a tumble dryer’). 
Patients will also have pulse deficits and variations in pulse 
quality, as the strength of the pulse depends on the preced -
ing diastolic interval, which varies due to the irregular heart 
rate. As pulse deficits are common, a heart rate that is 
derived from the pulse rate is inaccurate. It is also difficult to 
determine the heart rate via auscultation due to the rapid 
and irregular nature of the arrhythmia. Thus, it is always 
best to determine the heart rate from an ECG.

Conversion to sinus rhythm is often not a realistic goal 
as the presence of severe underlying heart disease  
usually makes these dogs refractory to successful con -
version. Control of the heart rate with medical therapy is 
usually the treatment of choice in dogs and cats. Drugs 
that slow AV node conduction are used to slow the  
ventricular response rate.

Digoxin: This drug is usually the first-line treatment for 
chronic management in dogs because it is a weak positive 
inotrope and does not depress contractility. It usually has 
a mild effect on heart rate and therefore is often not suffi -
ciently effective as a sole antiarrhythmic. Thus, it is often 
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combined with a second antiarrhythmic drug (e.g. 
diltiazem) to slow the heart rate further. Digoxin is given 
orally, as the intravenous route can be associated with 
unacceptable toxicity. Poor renal perfusion, renal insuffi -
ciency and hypokalaemia may predispose to digoxin toxic -
ity. In these cases digoxin should be administrated 
carefully and serum levels closely monitored. This drug is 
rarely used in cats, as they are more sensitive to the toxic 
effects than dogs.

Calcium channel blockers: These drugs slow conduction 
through the AV node. This drug is usually given either 
alone or combined with digoxin as first line treatment for 
atrial fibrillation.

Beta-blockers: These drugs slow conduction through the 
AV node. Oral therapy is generally used for atrial fibrilla-
tion. These drugs can be used either alone or combined 
with digoxin as an alternative for a digoxin-diltiazem com -
bination. Caution is recommended with the use of beta-
blockers when myocardial failure is present. These drugs 
must be started at a low dose and tapered to a dose that 
can be tolerated by the patient.

Ventricular premature contractions
Ventricular premature contractions (VPCs) have wide and 
bizarre QRS complexes because they originate below the 
bundle of His (within the ventricle) and therefore the wave 
of depolarization does not travel through the specialized 
ventricular conduction system. Instead, it depolarizes the 
ventricles more slowly, from cell to cell within the ventricu -
lar myocardium. The QRS complexes can be positive or 
negative in lead II of the ECG, depending on the site of  
origin (right or left ventricle, respectively). There is no P 
wave associated with the QRS complex of a VPC. The T 
wave is often large, discordant (i.e. opposite polarity to the 
QRS complex) and bizarre, reflecting the abnormal repo -
larization. As the name suggests, the timing of the VPC is 
premature relative to the underlying sinus rhythm.

VPCs can occur in patterns such as ventricular bigem -
iny, where every second beat is a VPC (Figure 6.42), or 
ventricular trigeminy, where every third beat is a VPC. If the 
VPC occurs on the downslope of the T wave of the pre -
ceding beat, it is referred to as R-on-T phenomenon 
(Figure 6.43). The downslope of the T wave is a  vulnerable 
period, and depolarization during this time may predispose 
to ventricular fibrillation. This is an important ECG feature 
to recognize, as R-on-T phenomenon requires prompt, 
aggressive antiarrhythmic therapy.

VPCs can occur in normal animals in low numbers. 
VPCs also occur commonly in association with non-  
cardiac diseases (e.g. gastric dilatation–volvulus, splenic 

disease and following surgery). VPCs secondary to  
systemic disease often tend to be self-limiting if the 
under lying disease is addressed. It appears that in dogs 
with VPCs and no underlying heart disease, the number of 
VPCs is not predictive of the risk of sudden death (and the 
actual risk appears to be low).

VPCs can also be associated with primary myocardial 
diseases (particularly DCM in Dobermanns and ARVC in 
Boxers). Dogs with single VPCs on the ECG and suspicion 
or evidence of underlying myocardial disease warrant  
further monitoring (e.g. Holter monitoring or telemetry) to 
determine whether more serious arrhythmias are occurring 
at other times. Clinical signs do not occur with single 
VPCs. Thus, in a patient without clinical signs, the rationale 
behind treatment is to attempt to prevent sudden death. 
However, the ability to predict the likelihood of sudden 
death associated with VPCs in an individual patient is poor.

If deemed necessary, the antiarrhythmic treatment for 
frequent VPCs is the same as for ventricular tachycardias.

Ventricular tachycardia
In ventricular tachycardia (Figures 6.44 and 6.45) the  
morphology of the QRS complexes is wide and bizarre. 
The shape and polarity of the QRS complex depends on  
the origin of the ectopic ventricular depolarization (i.e. right 
or left ventricle) and the intraventricular conduction path -
way. Ventricular tachycardia can be monomorphic (all QRS 
complexes have the same appearance/morphology) or 
polymorphic (several different QRS complex morph -
ologies). The latter might imply multifocal ventricular  
origins for the arrhythmia. Most ventricular tachycardias 
are regular. When describing the frequency of VPCs, a 
ventricular couplet is two consecutive VPCs, a ventricular 
triplet is three consecutive VPCs and ventricular tachy -
cardia is more than three consecutive VPCs. Ventricular 
tachycardia is sustained if it lasts >30 seconds and non-
sustained if it lasts <30 seconds.
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A structurally normal, healthy heart can tolerate 
arrhythmias for some time, whereas a diseased heart 
cannot. Peripheral pulse quality, mucous membrane 
colour, attitude of the patient and arterial blood 
pressure should be evaluated. Sustained ventricular 
tachycardia at a high rate is more likely to cause 
haemodynamic compromise than ventricular 
tachycardia at slower rates

• Is the arrhythmia likely to degenerate into ventricular 
fibrillation, which will cause sudden death? The 
presence or absence of underlying cardiac disease is 
important, since a healthy heart can tolerate more 
than a diseased heart. The faster the ventricular 
tachycardia, the more likely that a premature 
depolarization will fall within the vulnerable period of 
the T wave and induce ventricular fibrillation (R-on-T 
phenomenon). Poly morphic ventricular tachycardia is 
thought to be more dangerous than monomorphic 
ventricular tachycardia.

Certain patient groups appear to have an increased 
risk of sudden death associated with ventricular tachy -
cardia, including:

• Dobermanns with DCM
• Boxers with ARVC (formerly known as Boxer 

cardiomyopathy)
• Dogs with severe subaortic stenosis and associated LV 

myocardial hypertrophy, ischaemia and fibrosis
• Cats with HCM.

The first priority for treatment is to ensure that the 
patient is hydrated and that oxygenation, acid–base  
status, haematocrit and electrolyte concentrations are  
normal. Once the decision has been made to instigate 
drug therapy, there are a number of options available.

Lidocaine: This is the initial drug of choice. Lidocaine is  
a class IB antiarrhythmic drug (blocks fast sodium  
channels) and is only available for intravenous use. It is 
given as a bolus or as a CRI (see Figure 6.32). It may be 
less effective in the presence of hypokalaemia, when an 
incorrect diagnosis has been made (lidocaine is generally 
ineffective for the treatment of supraventricular arrhyth -
mias) or if an inappropriately low dose is used. 

It is rare for ventricular tachycardia to show no 
response to lidocaine, but AIVRs may not respond well to 
lidocaine administration. The slower the ventricular tachy -
cardia, the less likely it is to respond. It should be noted 
that a ‘response’ may simply be a slowing of the ventri -
cular tachycardia and not an actual cessation. Toxicity to 
lidocaine at high doses manifests as neurological signs 
(e.g. seizures), hypotension and gastrointestinal signs (e.g. 
vomiting); cats are more sensitive to lidocaine toxicity.

If there is no response to the first lidocaine bolus of 2 
mg/kg, the administration should be repeated 2–3 times, 
to a maximum of 8 mg/kg within 10 minutes. Once a 
response is seen, a CRI of lidocaine can be started (see 
Figure 6.32). If after the administration of 8 mg/kg of lido -
caine there has been no conversion to sinus rhythm or 
decrease in the rate of the ventricular tachycardia, the  
clinician should look for electrolyte imbalances, reassess 
the ECG to confirm the diagnosis (i.e. is this supraventri -
cular tachycardia with aberrant ventricular conduction 
mimicking a ventricular tachycardia?) and check whether 
the intravenous catheter is still in place. If lidocaine fails to 
convert the ventricular tachycardia, second-line drug 
choices can be considered. There is no general consensus 
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Ventricular tachycardia versus  accelerated idioven -
tricular rhythm: A ventricular rhythm with a rate <140–170 
bpm (approximately) is termed an accelerated idioventric -
ular rhythm (AIVR) (Figure 6.46), as it is not fast enough to 
be a true ventricular tachycardia. A true ventricular tachy -
cardia is a ventricular rhythm at a rate >170 bpm.

AIVRs are encountered commonly in hospitalized 
patients with non-cardiac diseases (gastric dilatation–  
volvulus surgery, splenic disease, pancreatitis, prostatitis, 
post-trauma and neurological diseases). These rhythms 
are often benign and the rate is slow enough not to com -
promise cardiac output. They typically do not require 
antiarrhythmic therapy, as they tend to be self-limiting 
when the underlying systemic disease is addressed.

If the rate of the ventricular tachycardia is rapid (e.g. 
>250–300 bpm), signs of poor cardiac output may be pre -
sent or syncope may occur. If the rate of the ventricular 
tachycardia is <200 bpm, clinical signs may not be pre -
sent, although, ultimately, the presence of clinical signs is 
also influenced by the degree of underlying structural 
heart disease.

The goals of treatment are to improve haemodynamics 
and to minimize the risk of sudden death. As all anti -
arrhythmic treatment carries risks of side effects, the deci -
sion to instigate therapy must be made carefully. The 
following considerations should be kept in mind:

• Is the arrhythmia causing haemodynamic 
compromise? If it is not, then even if the ECG looks 
abnormal, treatment may not be necessary and close 
monitoring of the arrhythmia may be the best option. 
The presence or absence of underlying cardiac 
disease is an important factor in determining whether 
an arrhythmia is causing significant compromise.  
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of which drug is the best choice after lidocaine. Sotalol or 
amiodarone ± magnesium sulphate would be the typical 
choices if there is a failure of ventricular tachycardia to 
respond to lidocaine.

Procainamide: This drug can be tried (intravenously) if 
lidocaine is ineffective (see Figure 6.32).

Beta-blockers: These drugs can be tried (intravenously), 
but they should be avoided or used very cautiously in 
cases of systolic dysfunction. They should not be used  
in cases of advanced MMVD or DCM, as these patients 
are highly dependent on adren ergic tone to maintain  
cardiac output and may become severely hypotensive.

Magnesium: This may be effective in some cases and is 
worth using in cases of refractory ventricular tachycardia. 
Magnesium should be administered slowly intravenously 
(see Figure 6.32). Adverse effects such as vomiting and 
salivation may be observed if given too rapidly.

Sotalol: This drug has been shown to be effective for the 
reduction of ventricular tachycardia in Boxers with ARVC. 
It can be administered orally or intravenously. Since sotalol 
also has some beta-blocking properties it must be  
used with caution in dogs with myocardial failure (see 
Figure 6.32).

Amiodarone: The use of amiodarone has been reported. 
When given intravenously, it may cause hypotension and 
anaphylactic-like reactions due to the solvent used in 
most preparations (polysorbate 80). These preparations 
should be avoided. A new preparation of amiodarone that 
does not contain polysorbate 80 (Nexterone) has recently 
become available and has been shown to be safe (Levy  
et al., 2016).

Chronic therapy: The agent of choice for chronic oral 
drug therapy, after the patient has been stabilized, should 
ideally be the one that converted the ventricular tachy -
cardia. Mexiletine is an oral class IB drug (similar to  
lidocaine) and can be used as monotherapy or in combi -
nation with atenolol or sotalol with generally very  
good results.

Other options: Direct current cardioversion may be tried  
as a last resort in cases of drug-resistant ventricular 
tachycardia.

�=�L�U�[�Y�P�J�\�S�H�Y���Ä�I�Y�P�S�S�H�[�P�V�U
Ventricular fibrillation (Figure 6.47) occurs as a pre-terminal 
event (cardiac arrest) where ventricular electrical acti vity  
is chaotic and no organized ventricular contractions occur. 

Summary of therapeutic considerations for 
tachyarrhythmias
The need for antiarrhythmic treatment should first be 
determined based on the presence of clinical signs. 
Electrolyte, acid–base, oxygenation, hydration and 
haematocrit abnormalities should be corrected. Con -
sideration should be given as to whether myo  cardial 
function is normal or abnormal, as a structurally  
normal heart can tolerate arrhythmias better than a 
diseased heart. It should be borne in mind that most 
antiarrhythmic drugs have negative inotropic actions, 
which may cause decompensation in a patient with 
severe myocardial failure.

The likelihood that an arrhythmia could degener -
ate into a fatal arrhythmia is often difficult to predict. 
Typically, the faster the arrhythmia, the more danger-
ous it is. Polymorphism is thought to be more malig -
nant that monomorphism. Paroxysms and/or runs of 
ventricular tachycardia are much more dangerous 
than single abnormal beats. Ventricular arrhythmias 
are more likely to cause a fatal arrhythmia than 
supra ventricular arrhythmias. In breeds with certain 
diseases (e.g. ARVC in Boxers, DCM in Dobermanns, 
severe subaortic stenosis in dogs and HCM in cats), 
ventricular arrhythmias are thought to carry a par -
ticularly high risk.

Arrhythmias that are of minimal concern and  
usually do not require antiarrhythmic therapy include 
single supraventricular complexes and single ventri -
cular complexes. Arrhythmias that are probably not 
dangerous and usually do not require antiarrhythmic 
therapy include AIVRs. Arrhythmias that are the most 
cause for concern and require antiarrhyth  mic therapy 
include rapid, non-sustained or sustained ventricular 
tachycardias and supraventricular tachycardias.

Regular monitoring is needed with all antiarrhyth -
mic therapy to ensure efficacy and that the arrhyth -
mia has not been exacerbated by the treatment. It is 
important to remember that any antiarrhythmic agent 
can also be proarrhythmic. Antiarrhythmic medica -
tion can be expensive and regular follow-up evalua -
tions with electrocardiography and Holter monitoring 
are typically necessary. The owner must be able to 
administer the oral medication at the required dosing 
interval, potentially on a long-term basis (depending 
on the underlying cause of the arrhythmia).
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If not treated, ventricular fibrillation will result in death. 
The ECG comprises irregular baseline undu lations with 
no discernible P, QRS or T waves. It is important to 
ensure that this is not an artefact: the ECG leads should 
be checked to ensure that they are properly attached,  
as lack of electrode contact of the skin can mimic ven -
tricular fibrillation. The only effective method of treatment 
for ventricular fibrillation is electrical defibrillation. The 
chance of conversion to sinus rhythm depends on  
the clinical situation. A healthy dog with anaesthetic  
complications causing the ventricular fibrillation stands  
a good chance of successful defibrillation. A dog with 
severe systemic or cardiac disease has a very poor 
chance of conversion.

Ch06 Emergency.indd   87 22/02/2018   16:09



BSAVA Manual of Canine and Feline Emergency and Critical Care

88

In dogs, ATE has been described in association with 
neoplasia, protein-losing enteropathy/nephropathy, recent 
administration of corticosteroids, hyperadrenocorticism, 
immune-mediated haemolytic anaemia and endocarditis. 
Occasionally, no underlying cause can be found, which 
may suggest thrombus formation in situ  rather than a 
thromboembolic event.

Thrombosis occurs whenever one or more of three ess -
ential conditions (Virchow’s triad) are present. These are:

• Local vessel or tissue injury
• Circulatory stasis
• Altered blood coagulability (hypercoagulable state).

In the first instance, a damaged endothelial wall induces 
platelet adhesion and aggregation, activating the clotting 
cascade (see Chapter 13). Circulatory stasis occurs typi -
cally in the face of an enlarged LA and/or left auricle due to 
diastolic/systolic impairment and poor atrial emptying (seen 
as ‘smoke’ on echocardiography). It has been suggested 
that cats with cardiomyopathy may be hypercoagulable 
(Bedard et al., 2007; Stokol et al., 2008); in part this may be 
because feline platelets are very reactive and platelet reac-
tivity may be exacerbated in cardiomyopathic patients 
(Helenski and Ross, 1987; Welles et al., 1994). However, not 
all cats with ATE are hypercoagulable (Stokol et al., 2008), 
so this is not the primary factor predisposing cats to throm -
bosis. The main thrombogenic factor in feline cardiomyo -
pathy is likely to be the presence of circulatory stasis as a 
result of a significantly dilated LA with decreased systolic 
function. This is why a dilated LA is an indication for start -
ing prophylactic anticoagulation therapy in cats.

The primary pathophysiological mechanism in ATE is 
arterial obstruction caused by the thrombus. In addition to 
the physical obstruction, the clot releases several vaso -
active substances (serotonin, prostaglandins, thrombox -
ane A2) that cause vasoconstriction of the collateral 
circulation. These vasoactive substances play a critical 
role in the progression and resolution of clinical thrombo -
embolic disease. Sudden complete arterial occlusion,  
coupled with decreased collateral circulation, causes sub -
stantial ischaemic tissue and nerve injury.

Clinical consequences of ATE are dependent on sev-
eral factors: the site of the arterial obstruction (distal aorta, 
brachial artery or other sites such as the cerebral, renal 
and mesenteric arteries); functional patency of the collat -
eral circulation; the duration and completeness of obstruc -
tion; and development of serious complications (e.g. 
self-mutilation, limb necrosis, hyperkalaemia).

Diagnosis
History
The history often includes peracute onset of clinical  
signs that can be mistaken for trauma or neurological dis -
ease. There is often no previous history of heart disease; 
ATE may be the first clinical sign of an underlying cardiac 
condition. Sudden death is also a possible initial clini  - 
cal finding.

Clinical signs and physical examination
The clinical signs and physical examination findings 
depend on the specific tissues and/or organs that are 
embolized. Hindlimb paresis/paralysis (unilateral or bilat -
eral) from distal ATE (‘saddle thrombus’) is the most com -
mon presentation; in cats, both hindlimbs are affected in 

Key points
• Typical clinical signs: acute onset, often no 

previous history of a cardiac disease, hindlimbs 
more frequently affected than forelimbs, five ‘Ps’ 
– paralysis/paresis, pain, pulselessness, pallor (or 
cyanotic nail beds and footpads), polar (cold distal 
limbs and footpads). Cats are frequently 
tachypnoeic or may even show open-mouth 
breathing. In dogs, arterial thrombosis has 
generally a more chronic progression and is not 
associated with cardiac disease.

• Diagnosis: physical examination findings are highly 
suggestive of arterial thromboembolism (ATE). On 
U-SEE examination, a RPLA or RPSA typically 
reveals an enlarged LA in cats and ‘smoke’ or a 
thrombus may additionally be present. Such 
findings are consistent with cardiogenic ATE. 
Tachypnoea/dyspnoea is frequently caused by 
stress and pain, and not necessarily pulmonary 
oedema. Thoracic radiographs should be obtained 
to confirm the presence of pulmonary oedema.

• Differential diagnoses: trauma, neurological 
diseases (e.g. brachial plexus avulsion, 
intervertebral disc extrusion).

• Treatment: opioid analgesia is the first priority, 
followed by anticoagulation therapy and CHF 
therapy (if pulmonary oedema is present).

• Prognosis: factors associated with a poor 
prognosis include bilateral rear limb involvement, 
no motor activity and hypothermia (<37.2ºC).

ATE is most frequently seen in cats and is one of the most 
serious complications associated with feline cardiomyo -
pathies. In dogs, ATE is rare and not usually associated 
with cardiac disease. Thrombosis represents clot forma-
tion within a cardiac chamber or vascular lumen and 
thromboembolization occurs when a clot or part of it 
embolizes from the site where it was formed and lodges 
within a vessel. In cats, thrombi are most frequently 
located in the LA and left auricle. Right-sided cardiac and 
deep vein thromboses are rare in dogs and cats compared 
with humans. Most frequently, emboli form in the left side 
of the heart and lodge in the distal aorta (termed ‘saddle 
thrombi’) but can also occlude the brachial, renal, coro -
nary, cerebral and mesenteric arteries.

ATE can occur in cats with any type of cardiomyopathy, 
but is most commonly seen with HCM. The large majority 
of cats with ATE also have advanced heart disease, 
although in some cases no underlying heart disease is 
present. In these patients, the most frequent cause of ATE 
is neoplasia (particularly pulmonary carcinoma). Other  
differential diagnoses include protein-losing enteropathy/
nephropathy, recent administration of corticosteroids and 
endocarditis. Occasionally, no cause for ATE is found. 
Hyperthyroidism has been diagnosed in some cats with 
ATE and, in general, these cats have thyroid-induced  
cardiac changes that are likely to be responsible for the 
cardiogenic thromboembolism. However, in a small per -
centage of hyperthyroid cats with ATE, no structural heart 
disease is identified, so it is unclear whether hyperthyroid -
ism per se is a risk factor for ATE.

Arterial thromboembolism
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were tachypnoeic but only 44% had radiographic evidence 
of CHF (Smith et al., 2003). Thus, in ATE, respiratory rate 
does not discriminate between cats with and without CHF. 
Increased respiratory rate in ATE is often caused by pain 
and/or acid–base imbalances.

Thoracic auscultation
Thoracic auscultation often reveals tachycardia, which can 
be due to pain, stress, acid–base imbalances or CHF (it 
should be remembered that an increased heart rate is not 
always seen in cats with CHF). A gallop sound or arrhyth-
mia suggests the presence of cardiac disease and sup -
ports a suspicion of cardiogenic ATE. A cardiac murmur 
may be suggestive of underlying cardiac disease in cats 
with ATE (but it should be borne in mind that normal  
cats may have heart murmurs, which makes this finding 
less specific). Normal cardiac auscultation does not rule 
out ATE and can be present in up to 40% of affected cats 
(Smith et al., 2003). Pulmonary crackles may be detected 
in some cats with severe pulmonary oedema; however, 
they are often not audible even in patients with radio -
graphic evidence of significant pulmonary oedema. 
Muffled heart and lung sounds may be caused by pleural 
effusion in cases of CHF.

U-SEE examination
Echocardiography: This should be performed to assess 
LA size and to determine whether ‘smoke’ or a thrombus is 
present. Any of these findings is strongly suggestive of 
ATE in the face of typical clinical signs. The LA is usually 
markedly enlarged in cases of ATE in cats. If the size of the 
LA is normal (<16 mm on a RPLA view or LA/Ao <1.6 on a 
RPSA view), cardiogenic ATE is unlikely. However, if the 
suspicion for ATE is still high, further diagnostics are 
required to rule out other non-cardiac causes of thrombo -
embolism (e.g. thoracic radiographs to assess for pulmo -
nary neoplasia).

the majority of cases (Smith et al., 2003). Forelimb paresis/
paralysis can occur due to brachial artery thromboembo -
lism. Some studies have suggested that the right forelimb 
is more frequently affected than the left forelimb, although 
a large retrospective study showed a similar frequency of 
ATE in both forelimbs (Smith et al., 2003). In rare cases 
where mesenteric, renal or cerebral arteries are embolized, 
bloody diarrhoea, acute renal failure or seizures may be 
observed respectively.

Thromboemboli affecting the extremities result in clini -
cal signs that relate to the five ‘Ps’:

• Paralysis/paresis (Figure 6.48a)
• Pain
• ‘Pulselessness’
• Pallor (nail beds and footpads may be pale or cyanotic) 

(Figure 6.48b)
• Polar (cold distal limbs and footpads).

With ‘saddle’ thrombus, the cranial tibial and gastro -
cnemius muscles become firm from ischaemic myopathy 
by 10–12 hours post-embolization, becoming softer 24–72 
hours later. Most cats show severe pain if the limbs are 
manipulated. Occasionally, cats may appear to be pain-
free; this can be due to long-standing ischaemia with  
subsequent neuropathy and loss of pain sensation. 
Vocalization is common due to pain and distress. Hypo -
thermia may occur and is a poor prognostic indicator in 
both forelimb and hindlimb ATE.

Dyspnoea, tachypnoea and syncope may also be pre -
sent due to CHF. However, tachypnoea, open-mouth 
breathing and abnormal respiration patterns are present in 
the large majority of cases and do not necessarily reflect 
CHF. In a large retrospective study of ATE, 90% of cats 

PRACTICAL TIPS

• A RPSA view should be used to carefully examine 
the left auricle for the presence of ‘smoke’ and/or a 
thrombus

• Slightly increasing the gain setting on the 
echocardiographic machine may help identify 
‘smoke’ (see Figure 6.14)

The presence of ‘smoke’ is associated with blood  
stasis and considered to be a marker for increased throm -
boembolic risk. A thrombus may be visible as a hyper -
echogenic structure floating freely within the LA, or it may 
be attached, typically to the wall of the left auricle (see 
Figure 6.14). The low blood flow velocity in a dilated and 
hypokinetic left auricle makes it the ideal location for 
thrombus formation.

The thorax should be examined for pleural effusion, 
which may be present in cases of ATE and concurrent 
CHF. The abdominal aorta may be evaluated for the pres-
ence of a thrombus if the diagnosis is unclear or to confirm 
distal aortic thromboembolism (see Figure 6.20).

Electrocardiography: This can be used to identify abnor -
malities in ATE cases; some abnormalities are benign but 
others are highly malignant and require intervention. Prompt 
recognition of these ECG abnormalities is mandatory.

(a) Cat with left forelimb monoplegia due to arterial 
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(a)

(b)
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• Malignant ECG findings: ventricular tachycardia, sus -
tained supraventricular tachycardia or atrial standstill 
(secondary to hyperkalaemia as a result of reperfusion 
injury or acute renal failure secondary to renal thrombo -
embolism) (see Figure 6.26). Emergency treatment is 
necessary. It should be remembered that a patient with 
severe hyperkalaemia is not always bradycardic. Heart 
rate is not a reliable indicator of hyperkalaemia.

Thoracic radiography
Thoracic radiography usually reveals cardiomegaly. The 
diagnosis of CHF (particularly the presence of pulmonary 
oedema) in ATE cases should not be purely based on res-
piration rate and/or effort. Thoracic radiography is neces-
sary to confirm the presence of lung oedema.

Clinical pathology
Abnormalities in most cases include hyperglycaemia, azo -
taemia and increased creatine kinase (CK) and aspartate 
aminotransferase (AST) consistent with widespread muscle 
cell injury. Azotaemia is generally pre-renal due to dehydra-
tion and/or hypotension. Renal azotaemia may occur in 
cases of renal thromboembolism, although this tends to  
be more severe and progressive. CK is typically signifi -
cantly elevated in all cases of ATE and is highly sensitive 
(although not 100% specific because trauma and mus  - 
cu lar disease can also cause elevations in CK). Other 
biochem istry abnormalities that may be observed include 
hyperkalaemia, increased alanine aminotransferase (ALT), 
hyperphosphataemia and hypocalcaemia. Analysis of  
acid–base balance usually reveals metabolic acidosis 
associated with reperfusion injury.

Peripheral venous glucose and lactate concentrations 
may be measured in the affected limbs to help in the diag -
nosis of ATE. This may be useful in cases where the phys-
ical examination findings are not completely typical for 
ATE (e.g. in cases with thromboembolism and partial arte -
rial occlusion). Local glucose and lactate levels are 
expected to be lower and higher, respectively, in compari -
son with central venous levels. The difference between 
the central and peripheral (affected limb) blood glucose 
concentration (�6Glu) has been suggested to predict ATE 
with a high sensitivity and specificity using the proposed 
cut-off values of �6�.�S�\���™���¶�����N���S���P�U���J�H�[�Z���H�U�K���6�.�S�\���™���������T�T�V�S��
in dogs (Klainbart et al., 2014).

�)�S�V�V�K���Å�V�^���H�Z�Z�L�Z�Z�T�L�U�[
Blood flow in the affected limb can be assessed by cut -
ting the nail to the quick to check for bleeding, or by using 
Doppler ultrasonography to detect blood flow in the 
artery. Measuring venous blood glucose and lactate con -
centrations in the affected limb(s) may also be useful for 
assessing flow.

Differential diagnoses
The differential diagnoses for acute posterior paresis 
include trauma, intervertebral disc extrusion, spinal lym -
phoma or other neoplasms, and fibrocartilaginous embo -
lism. Differential diagnoses for acute forelimb monoparesis 
include trauma and brachial plexus avulsion.

Treatment for acute episodes
In addition to the treatment for acute episodes of ATE 
(described below), CHF and serious cardiac arrhythmias 
must be managed when present. However, before initiating 

emergency CHF therapy, it is important to confirm that the 
patient is actually in CHF. Thoracic radiographs should be 
obtained if the patient is stable. Diuretics and/or vasodila -
tors should only be administered once the presence of 
CHF has been confirmed because these drugs may cause 
hypotension and hypovolaemia, which can further com -
promise the peripheral circulation in patients with ATE.

Analgesia
Pain control is one of the first therapeutic goals in the 
management of acute ATE in cats and is mandatory for at 
least the first 24–48 hours. Later in the course of ATE, 
ischaemic neuropathy may develop causing pain sen -
sation to be reduced. It should be remembered that pain 
may be very difficult to assess in this situation and that 
cats in severe pain may just appear lethargic. In all cases 
of ATE, pain should be assumed to be present and anal -
gesia provided.

Opioids are the best choice in this situation. Butor -
phanol is too weak as an analgesic and should not be 
used. Fentanyl (2–5 �+g/kg slow i.v. followed by a CRI of 
2–5 �+g/kg/h (micrograms/kg/hr)) or methadone (0.2–0.4 
mg/kg slow i.v., i.m. q4–6h) are the best choices. 
Buprenorphine (0.02–0.03 mg/kg i.v., i.m. q6h) can be con -
sidered, but in cases of severe pain the analgesic effect of 
buprenorphine may not be sufficient. Intramuscular injec -
tions should not be given in the affected, unperfused 
limbs. Non-steroidal anti-inflammatory drugs (NSAIDs) 
should be avoided, as these patients are typically dehy -
drated and may be hypotensive, which can compromise 
renal perfusion and function.

Anticoagulation therapy
Anticoagulant drugs have no effect on established thrombi, 
but can help to prevent further thrombus formation from 
the activated blood clotting pathways. There are little pub -
lished data on the efficacy of anticoagulant therapy in cats. 
An increased risk of bleeding is a potential major complica -
tion, although the risk appears to be small. However,  
clotting profiles should be monitored wherever possible.

Unfractionated heparin may be used. It binds to 
plasma antithrombin to neutralize thrombin and activated 
Factors XII, XI, X and IX, preventing activation of the clot-
ting cascade. Published doses vary widely: an initial dose 
of 200–300 IU/kg i.v. followed by 250–300 IU/kg s.c. q8h 
has been suggested (Greene and Meriwether, 1982). 
Adjustment of this dose should then be performed with the 
proposed goal of prolonging the activated partial thrombo -
plastin time (aPTT) to 1.5–2.0 times pre-treatment values. 
Unfractionated heparin should not be administered intra-
muscularly due to the risk of local haemorrhage.

More recently, the use of low molecular weight heparin 
(LMWH) has been suggested as an alternative to unfrac-
tionated heparin. LMWH is derived from de-polymerization 
of unfractionated heparin. LMWH maintains the ability to 
inhibit activation of Factor X, but affects thrombin mini -
mally. Cats appear to have rapid absorption and elimina -
tion kinetics for LMWH and require more frequent dosing 
compared with humans. Thus, the current recommen  -
dations for enoxaparin (1–2 mg/kg s.c. q12–24h) and 
dalteparin (100–200 IU/kg s.c. q12–24h) may not be ade-
quate for all cats. Many cats seem to require at least q8h 
treatment, and recent studies in normal cats suggest q6h 
protocols (Mischke et al ., 2014; Schönig and Mischke, 
2016). Furthermore, as thrombin is not affected by LMWH, 
measurement of aPTT is no longer useful for monitoring 
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efficacy of treatment; monitoring of anti-FXa levels is  
recommended when initiating therapy. The ‘target’ anti-
FXa level in healthy cats and cats prone to ATE is 
unknown. Further research is required in this area.

Anti-platelet therapy
Anti-platelet therapy may be provided concurrently with 
anticoagulation treatment once the patient is eating, or 
may be used as the sole anticoagulation therapy. Aspirin  
is a cyclooxygenase (COX)-1 inhibitor, which causes 
thromboxane A2 inhibition. Thromboxane A2 is needed for 
platelet recruitment and activation and is a potent vaso -
constrictor. Reduction of thromboxane A2 may help 
improve the collateral circulation and, by modifying platelet 
aggregation, may prevent further thrombus formation. 
There is no difference in the survival or recurrence rate  
in cats receiving a high dose (>40 mg/cat) or a low dose  
(5 mg/cat) of aspirin (Smith et al., 2003). The high dose of 
aspirin is associated with more frequent gastrointestinal 
adverse effects. The recommended dose for cats (taking 
into consideration the preparations of aspirin available in 
the UK) is 18.75 mg/cat (¼ of a 75 mg tablet) orally q72h.

Clopidogrel is an adenosine diphosphate (ADP) recep-
tor antagonist that prevents primary and secondary plate -
let aggregation. It also reduces the release of serotonin 
and thus is potentially helpful in promoting collateral circu -
lation. The recommended dose for cats is 18.75 mg/cat 
orally q24h (¼ of a 75 mg tablet). A recent trial comparing 
the efficacy of clopidogrel and aspirin in reducing ATE 
recurrence showed a significant decrease in recurrence 
rate and longer time to recurrence in the group of cats 
receiving clopidogrel (Hogan et al., 2015). Based on these 
data, it appears that clopidogrel is more efficacious than 
aspirin and should be the first choice for thromboprophy -
laxis. Aspirin and clopidogrel have an additive effect in 
humans, preventing platelet aggregation through two sep -
arate pathways. No studies in veterinary medicine have 
evaluated the efficacy of this combination in cats, although 
the benefit seems likely and the risk of haemorrhage is low.

Thrombolytic therapy
Thrombolytic therapy has a direct lytic effect on the estab -
lished thrombus, promoting dissolution of the thrombus 
and restoration of arterial patency. Thrombolytic drugs that 
have been used include streptokinase, urokinase and  
tissue plasminogen activator. The advantage of tissue 
plasminogen activator is that it is a more specific and/or 
targeted therapy, acting on cross-linked fibrin rather than 
circulating fibrinogen or plasminogen, reducing the risk  
of a systemic fibrinolytic state. However, although this 
approach would seem the more logical and effective treat -
ment for ATE, it carries a high risk of severe reperfusion 
injury following recanalization of the occluded vessel, with 
associated high morbidity and mortality. In reported 
cases, thrombolytic therapy for ATE in cats was no better 
in terms of hospital discharge rate or survival than con -
servative treatment, and in some cases there were severe 
adverse effects (Killingsworth et al., 1986; Moore et al., 
2000). Thrombo lytic therapy is not recommended at the 
current time for feline ATE.

Supportive treatment
Supportive treatment is required to maintain body tempera -
ture, hydration status and nutritional status, as most cats 
are hypothermic, dehydrated and anorexic on presen  tation. 

Fluid therapy may also be required. This should be under-
taken with extreme caution as these patients are very 
prone to fluid overload and may be easily pushed into CHF. 
Fluid therapy is contraindicated in patients with concurrent 
CHF. If azotaemia, dehydration and/or anorexia are a con-
cern in patients with ATE and CHF, the initial diuretic dose 
administered should be low; it is not recommended to give 
diuretics and fluids concurrently.

If necessary, limbs may be bandaged to prevent self-
mutilation of devitalized extremities. Limb viability should 
be monitored closely, and limb amputation or skin grafts 
may be required once the cat has been stabilized. 
Physiotherapy, including muscle massage and passive 
exercises, may stimulate motion and perfusion of the 
affected limbs.

Blood parameters (renal function, electrolyte status 
and ideally coagulation profiles) should be monitored 
closely. If a cat has an embolism within the renal artery, 
this will become evident on sequential monitoring. Vaso -
dilator therapy (e.g. acepromazine, hydralazine) has been 
suggested to encourage opening of the collateral circula -
tion; however, there is no proof of efficacy and it may exac-
erbate systemic hypotension, so is not recommended.

Reperfusion injury
Reperfusion injury typically occurs hours to days after the 
thromboembolic event and is caused by reperfusion of 
the damaged muscle tissue, which results in a sudden 
release of metabolic waste products into the systemic cir -
culation. The marked increase in potassium and hydrogen 
ions may cause severe life-threatening hyperkalaemia and 
metabolic acidosis.

If a patient being treated for ATE suddenly becomes 
arrhythmic and/or bradycardic, an ECG should be per -
formed and serum potassium levels measured. Typical 
ECG findings with severe hyperkalaemia include absence 
of P waves, widened QRS complexes (occasionally normal 
morphology is seen) and large and peaked T waves. These 
findings indicate atrial standstill (see Figure 6.26). Patients 
with hyperkalaemia are not always bradycardic, so a  
normal or even increased heart rate does not exclude 
severe hyperkalaemia.

This syndrome requires prompt intervention in an 
attempt to stabilize the heart rhythm and reduce serum 
potassium levels. Calcium gluconate (10% at a rate of  
0.5–1.5 ml/kg slowly i.v. over 10–15 minutes) antagonizes 
the myocardial effects of hyperkalaemia and is the most 
efficient drug to address the cardiac arrhythmias. 
Continuous ECG monitoring is required during the admin -
istration of calcium gluconate. Administration should be 
interrupted if new arrhythmias develop. Hypertonic  
glucose (50% dextrose at a rate of 0.5–1.5 g/kg i.v. over 5 
minutes) should be administered to decrease the serum 
potassium level. Alternatively, dextrose can be combined 
with insulin to promote faster entry of potassium into the 
cells (regular insulin at a dose of 0.1–0.5 IU/kg plus dex-
trose at a rate of 2 g/IU of insulin i.v.).

Prognosis
The short-term prognosis depends on the nature of the 
underlying cardiomyopathy and the response of CHF to 
treatment. Factors associated with a better prognosis are 
a single affected limb with some retained motor function, 
and the presence of normothermia. Factors associated 
with a poor prognosis are both hindlimbs affected with no 
motor function, the presence of CHF and hypothermia. 
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Rectal temperature is one of the best prognostic indicators 
of survival. Cats presenting with a rectal temperature 
below 37.2ºC have a <50% probability of survival (Smith et 
al., 2003).

It can take up to 2 weeks for motor function to begin to 
return in limbs following resolution of a ‘saddle’ thrombus, 
and up to 6 weeks for motor function to return to normal. If 
the cat recovers, permanent limb damage is rare. As many 
as 75% of cats will experience recurrent ATE episodes 
within days to months of the initial episode, although some 
studies report survival for several years (Smith et al., 2003; 
Hogan et al., 2015).

Mortality and morbidity following recovery from an 
acute episode of ATE are more likely to be associated with 
progression of the underlying heart disease, rather than 
recurrent ATE (Smith et al., 2003). Conservative manage-
ment and supportive care have been shown to be asso -
ciated with a hospital discharge rate of approximately 
50%, which reflects the poor outcome of ATE. Thus, the 
decision to treat a patient with ATE should be made follow-
ing a thorough discussion with the owners and considera -
tion of the different factors known to be associated with 
prognosis on an individual basis.
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General approach to  
respiratory distress
Lori S. Waddell and Lesley G. King†

Diagnosis
Respiratory distress is caused by a low arterial partial 
pressure of oxygen (PaO2) (hypoxaemia), a high arterial 
partial pressure of carbon dioxide ( PaCO2) (hypercapnia), 
or a significant increase in the work of breathing. 
Normally, ventilation is stimulated by increases in arterial 
carbon dioxide concentration, and decreased by hypo-
capnia. Hypoxia only acts as a respiratory stimulus if  
PaO2 falls below 50 mmHg, when hypoxic drive overrides 
the effects of hypocapnia that may be present due  
to hyperventilation.

It is essential that patients in respiratory distress are 
recognized immediately. In the emergency room, obser -
vation of the patient and a detailed physical examination 
of the respiratory and cardiovascular systems are the 
most important tools for diagnosis and treatment, often 
providing clues about the causes of distress when more 
stressful diagnostic procedures are not possible. Based 
on the physical examination and a brief history, the clini -
cian should attempt to localize the disease process to the 
airways (upper or lower), lungs or pleural space, facilitat -
ing immediate steps to stabilize the patient.

Observation of respiratory patterns
Dogs and cats in respiratory distress have an increased 
respiratory rate and effort. Increased respiratory effort is 
a sign of increased respiratory drive. This is manifested 
by recruitment of the secondary muscles of respiration, 
including the scalene and sternomastoid muscles of the 
neck and chest, the alae nasae, which dilate the nostrils, 
and the muscles of the abdominal wall, which contract 
when expiration becomes an active rather than a passive 
process. Recruitment of the secondary muscles of respi -
ration is a non-specific response to increased respiratory 
drive, occurring in patients in respiratory distress but also 
in normal animals that are exercising, fearful or in pain.

In contrast, ‘paradoxical respiration’ is a manifestation 
of marked inspiratory effort that is only seen in animals 
with respiratory disease. Concurrent outward movement 
of both the chest and abdomen characterizes normal 
inspir ation. Paradoxical respiration is recognized by a lack 
of synchronous movement of the chest and abdominal 
walls; the diaphragm and caudal intercostal and abdomi-
nal muscles tend to collapse inwards and forwards during 
inspiration. Unlike increased respiratory effort alone, par -
adoxical respiration is a specific indication of respiratory 

distress, increased work of breathing and the presence of 
respiratory muscle fatigue. It may also be seen less com -
monly in patients with abnormal diaphragmatic movement 
secondary to paralysis or rupture.

Postural adaptations are common in patients with  
respiratory distress, minimizing resistance to air flow. 
Many patients in severe respiratory distress breathe 
through an open mouth to remove the resistance to air 
flow produced by the nasal turbinates. Similarly, the neck 
is often extended and the head lifted to straighten the  
trachea. Most patients in respiratory distress demon -
strate some degree of orthopnoea, preferring to stand  
or lie in sternal recumbency and abducting their elbows 
to minimize compression of the chest wall and to recruit 
the accessory muscles of ventilation, such as the latis-
simus dorsi (Figure 7.1). Any restraint that limits postural 
adapt ations may lead to further hypoxaemia and de  -
compen sation, a fact that must be borne in mind when 
restraining these animals for diagnostic procedures such 
as radiography.

A terrier presented in severe respiratory distress. Note the 
open mouth, extended neck and abducted elbows.7.1

Ch07 Emergency.indd   93 22/02/2018   16:37



BSAVA Manual of Canine and Feline Emergency and Critical Care

94

Physical examination
Mucous membrane colour can yield important information 
about the functional status of the respiratory system. Due 
to the shape of the oxyhaemoglobin dissociation curve 
(Figure 7.2), cyanosis occurs only with severe hypoxaemia 
(<80% saturation of arterial blood); when moderate hypox -
aemia is present, the mucous membranes may still be 
pink. Clinicians should therefore not be lulled into a false 
sense of security by pink mucous membranes. At least 50 
g/l of desaturated haemoglobin must be present for the 
blue colour of cyanosis to be detectable. Thus, anaemia or 
peripheral vasoconstriction, which lead to pale mucous 
membranes, also lead to an inability to detect cyanosis. 
Cherry red or muddy chocolate mucous membranes are 
rarely detected but can indicate the presence of toxins 
such as cyanide and paracetamol (acetaminophen), 
respectively. Carbon monoxide can also cause bright red 
mucous membranes (carboxyhaemoglobin). These toxic-
ities cause respiratory distress despite a normal P aO2 by 
interfering with haemoglobin binding and release of  
oxygen, or with the ability of the tissue to utilize oxygen.

A limited physical examination of the respiratory and 
cardiovascular systems can be performed rapidly and can 
be very rewarding. Auscultation of the chest and cervical 
trachea may detect wheezes, crackles, harshness or 
increased bronchovesicular sounds, as well as areas of 
dullness (dorsal, ventral, unilateral). A judgement should be 
made as to whether the sounds are louder or quieter than 
expected for the degree of respiratory effort the animal is 
showing. Wheezes are musical or squeaky sounds asso-
ciated with narrowing of the airways secondary to inflam -
mation, mucosal oedema, mucus or masses. If wheezes 
occur during inspiration, upper airway pathology should  
be suspected, whereas disease of the small bronchi or 
lower airways, such as feline allergic bronchitis, generally 
produces expiratory wheezes.

Crackles are discontinuous popping sounds that usu -
ally indicate the presence of fluid in the alveoli and air -
ways. They are caused by air bubbling through fluid, but 
can also be caused by the opening and closing of small 
bronchi and alveoli. Soft end -inspiratory crackles occur 
with parenchymal disease and often indicate pulmonary 
oedema, haemorrhage or purulent exudate in the alveoli. 
Loud snapping airway crackles during inspiration can be 
heard in dogs with pulmonary fibrosis or chronic bronchi -
tis. If the lung or heart sounds are dull, muffled or difficult 
to hear, pleural space disease should be considered. The 
most common pleural abnormalities include pneumotho -
rax, pleural effusion, diaphragmatic hernia and neoplastic 
masses. In cats, diminished chest compressibility can 
suggest an effusion or mediastinal mass.

Auscultation of the heart and simultaneous palpation of 
the pulses help to determine whether cardiovascular  
disease is contributing to respiratory dysfunction. In dogs 
with congestive heart failure, a mitral murmur or supra-
ventricular dysrhythmia (often atrial fibrillation) is usually 
detected. In the absence of these findings, heart failure as 
a cause of respiratory distress is extremely unusual. Use  
of auscultation to rule out cardiovascular disease may be 
more difficult in cats, as abnormal heart sounds and dys -
rhythmias may be absent or intermittent in cats with heart 
disease, even those with congestive heart failure (see 
Chapter 6). The presence of pulse deficits (auscultated 
heart sound without a concurrent pulse) strongly suggests 
the presence of an arrhythmia.

Emergency stabilization
Initial stabilization of patients with severe respiratory dis -
tress should include increasing the inspired oxygen con -
centration (oxygen therapy), while a rapid but thorough 
physical examination is performed. Ideally, the patient 
should be allowed to rest briefly in an oxygen -enriched 
environment before further diagnostic investigation and 
manipulation. This is particularly important for cats, as it 
allows calming and recovery from transport. A more com -
plete examination and further investigations are performed 
only when tolerated and shown not to exacerbate signs of 
distress. An exception is made when dull lung sounds  
are auscultated, suggesting the presence of pleural space 
disease. In this situation, thoracocentesis should be 
attempted promptly, to remove pleural air or fluid (see 
below), even before radiographs are obtained. Patients in 
respiratory distress may not be stable enough for radio-
graphy or other diagnostic procedures, and thoracocen-
tesis may be not only diagnostic but therapeutic.

Oxygen supplementation
Emergency oxygen therapy can be supplied in several 
ways, and should be provided to any patient that presents 
in even mild to moderate respiratory distress, as well as 
those that are in severe distress. There are minimal risks 
associated with oxygen supplementation and most patients 
will rapidly benefit from it. Mask oxygen can be used on 
any patient that is lying still and tolerates the mask. It may 
be poorly tolerated in distressed patients and persistent 
attempts to place the mask over the muzzle can increase 
stress. With a tight-fitting mask at high oxygen flow rates 
(5–6 l/min), a fractional inspired oxygen concentration (FiO2) 
of 0.7–0.8 can be achieved (room air FiO2 = 0.21). Care  
must be taken that the mask is not so tight as to cause 
rebreathing of carbon dioxide and consequent hypercarbia.
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The oxyhaemoglobin dissociation curve demonstrates the 
relationship between partial pressure of oxygen dissolved in 

the blood (PaO2) and the saturation of haemoglobin with oxygen (SaO2). 
The sigmoid shape of the curve occurs as a result of a conformational 
�…�Š�ƒ�•�‰�‡���‹�•���–�Š�‡���Š�ƒ�‡�•�‘�‰�Ž�‘�„�‹�•���•�‘�Ž�‡�…�—�Ž�‡���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���„�‹�•�†�‹�•�‰���‘�ˆ���–�Š�‡���¤�”�•�–��
molecule, allowing binding of the remaining three molecules to occur 
more rapidly. This facilitates both oxygen intake in the lungs and oxygen 
release to the tissues. The plateau of >90% haemoglobin saturation also 
�’�”�‘�˜�‹�†�‡�•���ƒ���™�‹�†�‡���•�ƒ�”�‰�‹�•���‘�ˆ���•�ƒ�ˆ�‡�–�›�������Ž�—�•�‰���†�‹�•�‡�ƒ�•�‡���•�ƒ�›���”�‡�•�—�Ž�–���‹�•���•�‹�‰�•�‹�¤�…�ƒ�•�–��
decreases in PaO2 without a concurrent decrease in saturation. 
Desaturation can occur rapidly, however, once the PaO2 decreases to a 
value of <60 mmHg.

7.2
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Flow-by oxygen is achieved by holding the oxygen  
supply tubing near the nostrils or mouth of the animal and 
provides a similar effect to a mask, with much less stress.

An oxygen pipe from an anaesthetic machine can  
supply oxygen (5–8 l/min) to an Elizabethan collar covered 
with clingfilm, leaving 2.5–5 cm open at the top of the collar 
to allow for carbon dioxide and water vapour to be elimi -
nated. This technique allows the animal to be visible and 
minimizes stress, but is not tolerated by all patients. The 
humidity and temperature within the enclosed space of  
the Elizabethan collar may increase fairly rapidly, which can 
limit the duration for which this technique can be employed.

Oxygen cages are one of the easiest methods of oxy -
gen administration, but they isolate the patient, making it 
difficult to examine, monitor and treat these dynamic 
cases (Figure 7.3). This may be an advantage in some 
stressed cats that may benefit from enforced isolation 
from strange people in a strange environment. Initial crisis 
management of animals in respiratory distress may require 
high oxygen concentrations (FiO2 up to 0.9) until the patient 
has been stabilized. Although it should be possible to 
reach an FiO2 of up to 1.0, some oxygen cages cannot 
raise the FiO2 above approximately 0.5, which may be too 
low for severely dyspnoeic animals. Opening the cage 
door drops the F iO2 to that of room air almost immediately. 
Oxygen cages may also be associated with inappropriate 
patient warming and consequent hyperthermia. Large 
dogs may not fit into standard oxygen cages. Despite 
these limitations, oxygen cages may represent a useful 
investment for the emergency practice. At present, no 
commercially available oxygen supplementation cages for 
large dogs are available in the UK, although they may be 
purchased from the USA. Paediatric incubators, into which 
oxygen is piped, provide a suitable alternative for cats, 
small dogs and neonates, attaining oxygen concentrations 
of 80–90%. These allow good observation of the patient 
and, although expensive when purchased new, are often 
available second-hand from human hospitals.

For more prolonged oxygen supplementation, nasal 
oxygen can be provided with nasal oxygen prongs that 
are manufactured for human patients (Figure 7.4), or by 
placing a catheter in one or both nostrils and suturing or 
gluing it in place (Figure 7.5). Nasal prongs penetrate 
approximately 1 cm into both nostrils and usually work 
well in large-breed dogs that are relatively immobile. 

A Field Spaniel in congestive heart failure was placed in an 
oxygen cage to provide oxygen supplementation. He was in 

severe respiratory distress and would not tolerate an oxygen mask or 
nasal prongs. Temperature, inspired oxygen concentration and humidity 
can be controlled in these units.

7.3

Nasal oxygen prongs that are manufactured for human 
patients can be used in many canine patients to provide 

oxygen supplementation.

7.4

Nasal oxygen can also be provided by suturing a red rubber 
catheter into one nostril and inserting it a premeasured length 

equal to the distance from the nostril to the medial canthus of the eye.

7.5

Nasal catheters can be used in dogs or cats of almost 
any size. Any type of cath eter can be used for this  
purpose; most commonly 5–8 Fr red rubber urinary  
catheters or soft feeding tubes are used (Figure 7.6). 
Brachycephalic breeds are poor candidates for nasal 
oxygen supplementation: catheter prongs cannot be 
adjusted to fit comfortably on their faces; nasal cath  eters 
may not fit due to stenotic nares or do not stay in place 
because their noses are short; and increased vagal tone 
may be aggravated by the nasal catheter. Animals that 
are mouth breathing are also poor candidates for this 
technique, as increased air mixing in the pharynx leads to 
a reduced effective FiO2. Generally, nasal oxygen is 
thought to give an F iO2 of approximately 0.4 depending 
on the flow rate of oxygen, the size of the animal and its 
minute ventilation. The FiO2 can be increased by place -
ment of a second nasal catheter in the other nostril.

Alternatively, a long intravenous catheter can be placed 
percutaneously into the trachea following the instillation of 
surface local anaesthetic. Humidified oxygen is supplied at 
similar flow rates to those used with the nasal catheter. 
This system may be especially useful in individuals with 
laryngeal or upper tracheal obstruction.

Ch07 Emergency.indd   95 22/02/2018   16:37



BSAVA Manual of Canine and Feline Emergency and Critical Care

96

Nasal oxygen catheter.7.6

Intravenous access
Intravenous access with an indwelling peripheral catheter 
placed in the cephalic or saphenous vein should be 
obtained early during the hospitalization of all patients 
with respiratory distress. The catheter should be placed 
with minimal restraint and stress. Establishment of intra -
venous access allows administration of drugs and, if the 
animal decompensates, provides a means to administer 
intra venous anaesthesia to facilitate rapid control over 
the airway.

Thoracic ultrasonography
Thoracic ultrasonography can be very useful for confirm -
ing the presence of pleural effusion or soft tissue (mass, 
herniation of abdominal organs) in the pleural space. It is a 
rapid, relatively non-stressful diagnostic tool that can also 
aid in performing thoracocentesis by identifying areas with 
the greatest volume of fluid accumulation and structures 
that need to be avoided. In many patients, it is a much 
quicker and less stressful procedure than thoracic radio-
graphy, especially since the patient can remain in sternal 
recumbency. The tFAST (thoracic focused assessment 
with sonography for trauma) technique can be used to 
assess for the presence of pneumothorax or pleural effu -
sion. Pneumothorax is diagnosed by the absence of the 
‘glide sign’, defined as lack of the normal dynamic inter -
face between the lung margins and thoracic wall during 
respiration. Concurrent thoracic trauma can be diagnosed 
by the presence of pleural or pericardial fluid or the pres -
ence of a ‘step sign’, defined as an abnormal glide sign. A 
step sign is a glide sign that deviates from the normal  
linear continuity of the pulmonary–pleural interface and is 
assumed to represent thoracic injury.

Thoracic radiography
Thoracic radiography represents one of the most useful 
diagnostic tools for the clinician faced with a patient in  
respiratory distress. Detailed information about thoracic  
radiography is available in Chapter 24. Although valuable 
information is often provided, radiography is a stressful  
procedure that can cause significant respiratory decom -
pensation and it is generally not advisable in patients  
in severe respiratory distress. To minimize stress, dorso  -
ventral radiographs can be obtained with the patient 
restrained in sternal recumbency. Although this view pro -
vides less useful diagnostic information and care must be 
taken not to over-interpret the image, it is also less likely to 
compromise ventilatory function. Alternatively, horizontal 
beam lateral views may be obtained where possible. The 
animal should be measured and radiograph settings calcu -
lated in advance of moving and positioning the patient for 
radiography. Supplementation of inspired oxygen should 
be continued during the procedure. If the animal can toler -
ate the manipulation, it is ideal to obtain at least two and 
ideally three views of the thorax.

Approach to undiagnosed 
respiratory distress
When the initial history does not provide specific useful 
information, the approach to the patient in respiratory  
distress is to treat according to the apparent site of res-
piratory pathology. The history, signalment and physical 

• Used to provide supplemental oxygen in patients that are not 
�–�‘�Ž�‡�”�ƒ�–�‹�•�‰���•�ƒ�•�ƒ�Ž���’�”�‘�•�‰�•���ƒ�•�†���ƒ�”�‡���–�‘�‘���Ž�ƒ�”�‰�‡���–�‘���¤�–���‹�•�–�‘���ƒ�•���‘�š�›�‰�‡�•���…�ƒ�‰�‡��
or if an oxygen cage is not available.

• Red rubber catheter/soft feeding tube, usually 8 Fr (or 5 Fr in small 
dogs) is used
1. The distance from the nose to the medial canthus of the eye is 

measured and marked on the catheter.
2. The nostril is numbed with topical anaesthetic such as lidocaine 

gel or one to two drops of 2% lidocaine dripped into the nostril.
3. The catheter is inserted through the nostril into the ventral 

meatus to the premeasured distance.
4. The catheter is sutured in place using 2 metric (3/0 USP) nylon 

�ƒ�•�†���–�ƒ�’�‡���„�—�–�–�‡�”�ª�‹�‡�•�á���Œ�—�•�–���„�‡�•�‹�†�‡���–�Š�‡���•�‘�•�–�”�‹�Ž���ƒ�•�†���ƒ�‰�ƒ�‹�•���‘�•���–�Š�‡���•�‹�†�‡��
of the face or on top of the head.

• Single or bilateral nasal catheters can be used depending on the 
percentage of oxygen supplementation that is required

• An Elizabethan collar may be necessary to prevent the patient from 
removing the catheter. Complications may include excessive 
sneezing, dislodgement, epistaxis or increased dyspnoea if upper 
airway disease is present

If it is provided for more than a few hours, oxygen 
should be humidified (saturated with water vapour) to pre -
vent desiccation of the airways, especially if the turbinates 
are bypassed, as occurs with nasal or tracheal oxygen 
catheters. Specially designed units that heat and humidify 
the inspired air are available for placement in anaesthetic 
and ventilator circuits, but nasal or cage oxygen humid-
ification can be simply accomplished by bubbling the  
oxygen through a chamber of distilled water (Figure 7.7).

Long-term therapy with high concentrations of oxygen 
(FiO2 >0.6 for more than 12 hours) is associated with dam -
age to the lung called oxygen toxicity. Inflammatory injury 
is caused by toxic metabolites of oxygen, including  
oxygen free radicals and superoxide molecules. Clinically, 
oxygen toxicity is difficult to diagnose, but changes in the 
lungs are similar to those seen in the acute respiratory 
distress syndrome (ARDS). Every effort should be made to 
minimize the FiO2 used to maintain critical patients. In the 
presence of severe respiratory distress, however, it may 
not be possible to decrease the F iO2 without provoking 
severe distress, and the clinician may have to accept  
the risk of oxygen toxicity in the interests of survival of  
the patient.

Oxygen can be 
�Š�—�•�‹�†�‹�¤�‡�†���„�›��

bubbling it through a 
�…�Š�ƒ�•�„�‡�”���¤�Ž�Ž�‡�†���™�‹�–�Š���†�‹�•�–�‹�Ž�Ž�‡�†��
water. This reduces airway 
irritation by preventing 
desiccation.

7.7
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examination are often sufficient to determine which areas 
of the respiratory system are involved. For this purpose, 
the respiratory tract is divided into the airways (upper and 
lower), the pulmonary parenchyma, and the pleural space 
and thoracic cage. After determining which of these ana -
tomical areas is affected, a list of differential diagnoses, 
diagnostic procedures and therapeutic strategies is then 
formed for the individual patient.

Upper airway disease
Clinical signs
The clinical signs of disease of the upper airway are listed 
in Figure 7.8. Upper airway disorders almost always 
cause loud noises that are audible without a stethoscope. 
On auscultation, upper airway noise is loudest over the  
trachea. Referred sounds may also be heard on auscul-
tation of the lungs. Most dogs with dynamic upper air  - 
way obstructions (such as brachycephalic obstructive  
airway syndrome (BOAS) or laryngeal paralysis) have  
stridor or stertor, primarily on inspiration. Negative inspir -
atory pressure tends to close the upper airway, where  - 
as during expiration the airway opens. Animals with  
fixed upper airway obstructions (such as masses or 
abscesses) tend to have difficulty during both inspiration 
and expiration.

General approach to management of patients with 
upper airway obstruction
Management of animals with upper airway obstruction is 
summarized in Figure 7.9. The most important priority is to 
encourage the animal to rest quietly in an oxygen -enriched 
environment. Many benefit considerably from sedation; ace -
promazine is the drug of choice provided that the animal is 
not hypovolaemic (phenothiazines may be associated with 
vasodilation, which exacerbates signs of hypovolaemia) or 
brachycephalic (brachycephalic breeds may have increased 
sensitivity to phenothiazines and therefore a lower dose 
should be used). The dose of acepromazine should be kept 
to a minimum and may be more effective if combined with 
an opioid (neuroleptanalgesia). Opioids may also be used 
alone if there is hypovolaemia, as these agents produce 
minimal cardiovascular effects. Suggested agents include 
morphine, methadone, oxymorphone (USA) or butorphanol, 
any of which may be combined with a sedative such as 
diazepam if they trigger excessive panting.

���‘�•�•�‘�•���†�‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‡�•���ƒ�•�†���…�Ž�‹�•�‹�…�ƒ�Ž���ƒ�•�†���Š�‹�•�–�‘�”�‹�…�ƒ�Ž��
signs associated with upper airway or laryngeal obstruction in 

dogs and cats.

7.8

���‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‹�•���‘�ˆ���—�’�’�‡�”���ƒ�‹�”�™�ƒ�›���‘�„�•�–�”�—�…�–�‹�‘�•

• Brachycephalic obstructive airway syndrome
• Laryngeal paralysis
• Tracheal collapse
• Nasopharyngeal polyps (cats)
• Aspirated foreign bodies
• Upper airway neoplasia
• Retropharyngeal masses, abscesses or haematomas

���Ž�‹�•�‹�…�ƒ�Ž���ƒ�•�†���Š�‹�•�–�‘�”�‹�…�ƒ�Ž���•�‹�‰�•�•���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���—�’�’�‡�”���ƒ�‹�”�™�ƒ�›���‘�„�•�–�”�—�…�–�‹�‘�•

• Dyspnoea
• Audible stridor or stertor
• ���•�…�”�‡�ƒ�•�‡�†���”�‡�•�’�‹�”�ƒ�–�‘�”�›���‡�¡�‘�”�–���™�‹�–�Š���’�”�‘�Ž�‘�•�‰�‡�†���‹�•�•�’�‹�”�ƒ�–�‘�”�›���–�‹�•�‡��

(gasping respiration)
• Change in vocalization (bark or meow)
• Exercise intolerance – clinical signs most severe when stressed or 

exercising
• Excessive panting
• Hyperthermia

Respiratory distress in animals with upper airway 
obstruction is made worse by exercise or excitement, and 
is reduced or almost absent at rest. Increased respiratory 
drive results in enhanced negative inspiratory pressures 
during exercise, leading to more severe narrowing of the 
airway. Tests of pulmonary function during dyspnoeic epi -
sodes often reveal significant hypoxia and hypercarbia, 
whereas these parameters may become almost normal at 
rest. This return of pulmonary function to normal at rest is 
one of the hallmark signs of upper airway obstruction; 
blood gases usually remain abnormal at rest in animals 
with parenchymal or pleural disease.

Many dogs with upper airway obstruction suffer from 
concurrent hyperthermia. They are unable to thermoregu -
late effectively because an insufficient volume of air 
passes over the tongue during panting. Hyperthermia 
starts a vicious cycle, as it stimulates an increased respira -
tion rate and panting, which further narrows the airway.

Management of patients with upper airway obstruction.7.9

• Oxygen supplementation: oxygen cage best
• Rest, sedation if necessary
• Acepromazine at 0.001-0.005 mg/kg i.v. or i.m. if cardiovascularly 

stable
• If collapsed or sedated, extend head and neck and pull tongue out 

of the mouth
• Vascular access
• Minimal stress
• ���•�–�‹�æ�‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›���†�‘�•�‡���‘�ˆ���…�‘�”�–�‹�…�‘�•�–�‡�”�‘�‹�†�•�����†�‡�š�ƒ�•�‡�–�Š�ƒ�•�‘�•�‡���ƒ�–��

0.1–0.2 mg/kg i.v. or i.m.
• ���‘�•�‹�–�‘�”���–�‡�•�’�‡�”�ƒ�–�—�”�‡�á���˜�‹�‰�‘�”�‘�—�•���‡�¡�‘�”�–�•���–�‘���…�‘�‘�Ž���‹�ˆ���•�‡�‡�†�‡�†
• Fluid therapy if dehydrated or hypovolaemic
• Emergency tracheostomy or intubation if no response to medical 

management

Manipulation and stress should be kept to a minimum, 
but if the animal is collapsed or sedated, the head and  
neck should be extended and the mouth opened with the 
tongue pulled forward to minimize airway resistance. 
Cortico steroids at anti -inflammatory doses are often very 
helpful if significant airway oedema or inflammation is  
present. They should be avoided initially if neoplasia is one 
of the differential diagnoses. Corticosteroids may cause 
lysis of malignant lymphocytes, thereby making it difficult to 
confirm the diagnosis. Core body temperature should be 
monitored carefully and vigorous attempts made to cool the 
patient with fans (after wetting the fur) or cool intravenous 
fluids if the temperature is >39°C.

Animals that do not respond to this approach should 
be anaesthetized and intubated, or a tracheostomy per -
formed if necessary (Figures 7.10 and 7.11). Ideally, these 
animals should not remain intubated through the larynx for 
more than a few hours, as the tube triggers swelling that 
may exacerbate the problem following extubation.

In many syndromes of upper airway obstruction,  
pharyngoscopy and laryngoscopy under general anaes-
thesia are required to confirm the diagnosis. Following 
this, steps should be taken to relieve the airway obstruc -
tion prior to anaesthetic recovery. Attempts to recover 
patients without correcting the airway problem can be dif -
ficult and re-intubation may be necessary. If the underlying 
disease cannot be corrected immediately and the patient 
cannot be successfully extubated, a tracheostomy will be 
necessary. In less severe cases, particularly those with a 
dynamic airway obstruction, a slow, non -stressful recovery 
may be successful, allowing definitive surgical correction 
of the airway problem to be planned in the near future.
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Emergency tracheostomy.7.10

A tracheostomy was created in this mixed breed dog for 
recovery from anaesthesia after surgery to correct laryngeal 

scarring. A 50% circumferential incision was made into the trachea 
between rings to place the tracheostomy tube. Stay sutures placed 
around the tracheal rings cranial and caudal to the incision can be seen.

7.11

1. The patient should be anaesthetized and an endotracheal tube placed. Depending on the nature of the upper airway disease, the size of the 
�‡�•�†�‘�–�”�ƒ�…�Š�‡�ƒ�Ž���–�—�„�‡���•�ƒ�›���„�‡���•�‹�‰�•�‹�¤�…�ƒ�•�–�Ž�›���•�•�ƒ�Ž�Ž�‡�”���–�Š�ƒ�•���‹�•���‡�š�’�‡�…�–�‡�†���ˆ�‘�”���–�Š�‡���•�‹�œ�‡���‘�ˆ���–�Š�‡���’�ƒ�–�‹�‡�•�–�ä

2. Place the patient in dorsal recumbency, with the neck extended. A sand bag placed beneath the neck will help with positioning. The ventral cervical 
region should be clipped and aseptically prepared if time permits.

3. A ventral cervical midline incision is made from the caudal aspect of the cricoid cartilage to the sixth tracheal ring.
4. The sternohyoid muscles are separated on the midline and retracted laterally.
5. The trachea should be isolated and a full-thickness stab incision should be made through the annular ligament between the third and fourth 

tracheal rings.
6. The incision in the trachea is extended laterally so that approximately 50–60% of the tracheal circumference is incised.
7. A tracheostomy tube approximately 50% of the tracheal diameter is placed into the lumen. The endotracheal tube must be withdrawn immediately 

prior to tracheostomy tube insertion.
8. ���™�‘���•�–�ƒ�›���•�—�–�—�”�‡�•���ƒ�”�‡���’�Ž�ƒ�…�‡�†���‹�•���–�Š�‡���”�‹�•�‰�•���ƒ�†�Œ�ƒ�…�‡�•�–���–�‘���–�Š�‡���–�”�ƒ�…�Š�‡�‘�•�–�‘�•�›���•�‹�–�‡���–�‘���ˆ�ƒ�…�‹�Ž�‹�–�ƒ�–�‡���‡�š�’�‘�•�—�”�‡���ˆ�‘�”���’�Ž�ƒ�…�‡�•�‡�•�–���‘�ˆ���–�Š�‡���–�”�ƒ�…�Š�‡�‘�•�–�‘�•�›���–�—�„�‡�ä
9. The subcutaneous tissues and skin are apposed cranial and caudal to the tracheostomy site allowing a large enough opening for re-intubation if 

necessary. The tube is then secured with umbilical tape tied around the neck.

• Patients with a temporary tracheostomy require careful 24-hour monitoring due to the risk of tube occlusion or dislodgement. Sterile technique 
should be used when handling the site, tracheostomy tubes and suction catheters

• Postoperative care includes nebulization of the tube site to humidify the airways, frequent removal and cleaning of the inner cannula (if present) to 
prevent obstruction with mucus, and observation for swelling and irritation. Regular suctioning of the airway is no longer recommended

• Short-term complications can include haemorrhage, obstruction of the tube, dislodgement, infection and damage to the peritracheal structures

Syndromes of upper airway obstruction
Brachycephalic obstructive airway syndrome:  This is a 
common cause of respiratory distress in affected breeds 
such as English and French Bulldogs, Boston Terriers, 
Boxers, Pekingese and Pugs. The primary components of 
this syndrome are stenotic nares, redundant pharyngeal 
soft tissue, excessively long soft palate and hypoplastic 
trachea. Chronic obstruction of the upper airway causes 
increased negative inspiratory pressure, leading to  
further airway occlusion, inflammation and oedema of the 
redundant tissue, eversion of the laryngeal saccules and 

eventually, in end-stage cases, complete laryngeal col -
lapse. In patients with BOAS, mouth breathing often 
improves the clinical signs because some of the airway 
resistance caused by the stenotic nares is eliminated. 
These animals often present with hyperthermia and acute 
respiratory distress during hot humid weather, after exer -
cise, or when excited. Questioning the owners often 
reveals a history of chronic airway obstruction (snoring 
and airway noise), which the owners may interpret as 
‘normal for the breed’.

Initial treatment is as described above, including  
oxygen supplementation, sedation, cooling and cortico-
steroids. Most patients can be managed medically through 
the presenting crisis, but surgical intervention to prevent 
future episodes is strongly recommended. Surgical cor -
rection of the stenotic nares, everted laryngeal saccules  
(if present) and the over-long soft palate can greatly 
improve these patients, especially if performed in young 
dogs (<2 years of age).

Laryngeal paralysis: Laryngeal paralysis occurs in dogs 
and cats due to disruption of innervation of the muscles of 
the larynx and is classified as either congenital or acquired 
(idiopathic, traumatic, polyneuropathic or iatrogenic). Idio-
pathic acquired laryngeal paralysis is the most common 
form and is often seen in large-breed dogs such as 
Labrador Retrievers, Golden Retrievers and St Bernards. 
Affected dogs can present in severe respiratory distress 
with cyanosis and collapse. They often have loud inspira -
tory stridor and may be hyperthermic. The history may 
include voice change, gagging while eating and drinking, 
progressive exercise intolerance, and noisy breathing.

Immediate therapy is as described above, with severely 
affected animals requiring intubation or a temporary  
tracheostomy. Thoracic radiography should be performed, 
as concurrent aspiration pneumonia and non -cardiogenic 
pulmonary oedema are common. Definitive diagnosis is 
made by laryngeal examination on induction of anaes-
thesia, to determine whether the vocal folds abduct  
effectively and symmetrically during inspiration. Since 
anaesthesia affects movement of the larynx, anaesthesia 
must be light enough that the patient is almost coughing 
during the laryngeal examination. Paradoxical laryngeal 
motion is another source of error of interpretation during 
laryngoscopy. If the larynx is paralysed, inspiration may be 
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accompanied by closure of the larynx because of negative 
inspiratory pressures, and exhalation may tend to ‘blow 
the larynx open’. This creates a paradoxical motion of the 
larynx, which on casual inspection may simulate normal 
function. Therefore, while performing a laryngeal examin-
ation, any observed movement of the larynx must be  
carefully correlated with the phase of respiration.

Surgical intervention may be delayed until the respira -
tory crisis has passed, allowing resolution of laryngeal 
inflammation and oedema. The surgical method of choice 
is a laryngeal tie-back (arytenoid cartilage lateralization). 
Postoperative concerns include aspiration pneumonia, 
laryngeal inflammation and oedema, haemorrhage and 
breakdown of the surgical repair. Postoperative complica -
tions can be minimized by keeping the animal as calm as 
possible and reducing vocalization or coughing in the first 
24 hours after surgery.

Tracheal collapse: This is a common problem in middle -
aged to older small -breed dogs with a progressive history 
of cough and exercise intolerance. A cough is usually 
easy to induce on tracheal palpation. Excitement often 
triggers a paroxysmal ‘honking’ cough and dyspnoea. The 
tracheal rings in these animals are often abnormally 
C-shaped and fibrodysplastic, and the dorsal tracheal 
membrane is stretched, floppy and weak. Obstruction of 
the tracheal lumen occurs in the cervical and/or thoracic 
trachea. Compression, elevation and collapse of the left 
mainstem bronchus may mimic the clinical signs of a col -
lapsing trachea in dogs with mitral regurgitation and 
enlargement of the left atrium, before congestive heart 
failure occurs. Coughing due to mainstem bronchus com -
pression is medically managed in a similar way to tracheal 
collapse, in addition to concurrent management of the  
primary cardiac disease.

Animals with tracheal collapse can present with varying 
degrees of respiratory distress. In the most severe cases, 
complete collapse of sections of the trachea can cause 
upper airway obstruction. Hypoxaemia can also occur dur -
ing spasms of paroxysmal coughing. The diagnosis can be 
suggested using plain thoracic radiography. Severe col-
lapse can appear radiographically similar to a tracheal soft 
tissue mass. One method of confirming the clinical diag-
nosis is observation of the trachea while coughing under 
fluoroscopy. The gold standard for diagnosis is bronch-
oscopy, but this requires anaesthesia, recovery from which 
is associated with a high degree of risk in severely affected 
patients if surgical correction is not performed at the time 
of diagnosis.

Management includes anti -inflammatory drugs and 
cough suppressants. Opioids, especially butorphanol  
and hydrocodone where available are antitussive at low 
doses and are often beneficial. If medical management is 
in-effective, surgical placement of extraluminal rings for 
patients with extrathoracic or thoracic inlet collapse or 
non-surgical placement of intraluminal stents for intra-
thoracic collapse may produce good results, even in 
patients with end -stage disease. Tracheostomy is usually 
not of benefit in these patients because the collapse typi -
cally occurs throughout the cervical region and intra-
thoracic trachea or mainstem bronchi.

Inflammatory nasopharyngeal polyps: These occasion -
ally cause respiratory distress in young, otherwise healthy 
cats. Polyps are often associated with inflammatory dis -
ease of the tympanic bullae or auditory canals. These cats 
may have inspiratory stridor, a nasal discharge and otitis 
externa. Polyps are occasionally visible on oral examin ation 

in awake patients, but sedation is usually required for ade -
quate visualization. The soft palate should be palpated  
and retracted to detect polyps in the nasopharynx, and a 
thorough otoscopic examination should be performed. 
Radiographs of the skull, bullae and nasal cavity should be 
obtained. Polyps may arise from the bullae, ear canals or 
nasopharyngeal mucosa and must be removed surgically. If 
there is evidence of otitis, bulla osteotomy may be consid -
ered to resolve the underlying cause of the polyp. If the 
entire polyp is removed, surgery is generally curative.

Aspirated foreign bodies: These can cause sudden on -
set of respiratory distress if the foreign body obstructs  
the airway. Large upper airway obstructions require imme -
diate action, since they may completely block all air flow. 
The animals often panic and are difficult to restrain, and 
sedation or anaesthesia may be necessary. If possible, 
vascular access should be established to allow intra-
venous administration of anaesthetic drugs. As it may be 
impossible to remove the foreign body fast enough, prep-
aration for an emergency tracheostomy is prudent. After 
expeditious removal of the object, supplemental oxygen 
should be administered. If the animal is unconscious after 
foreign body removal, it should be intubated and ventil-
ation assisted until spontan  eous breathing and conscious-
ness return.

Upper airway masses: Upper airway neoplasia can cause 
upper airway obstruction. Neoplasia usually causes a slow 
onset of respiratory distress unless the tumour is very  
rapidly growing or associated with an abscess. Lymphoma 
is the most commonly observed neoplasm, especially in 
cats, but any oral, laryngeal or tracheal neoplasm may be 
involved (Figure 7.12). Oxygen supplementation and seda-
tion may be sufficient to improve clinical signs if the animal 
is not too severely affected. If necessary, when the neo -
plasm is in the proximal trachea or above, emergency  
tracheostomy can provide an adequate airway until more 
definitive surgery is performed. If the neoplasm is in the 
thoracic trachea and the patient cannot be stabilized med -
ically, intubation (if possible), thoracotomy or palliative 
placement of an intraluminal stent are the only options.

Right lateral cervical radiograph of a 9-year-old male neutered 
Domestic Shorthair cat that presented with a 2–3-week history 

of decreased appetite, 3-day history of anorexia and increased upper 
airway noise with respiratory distress. Note the large laryngeal mass.

7.12

Ch07 Emergency.indd   99 22/02/2018   16:37



BSAVA Manual of Canine and Feline Emergency and Critical Care

100

Retropharyngeal masses, abscesses and haematomas 
are an occasional cause of respiratory distress. The most 
common retropharyngeal neoplasm is lymphoma, while 
abscesses can result from haematogenous spread or  
foreign body penetration. Rapid diagnosis by pharyngo-
scopy, ultrasonography, advanced imaging techniques 
such as computed tomography (CT) or magnetic reso -
nance imaging (MRI), fine-needle aspiration (FNA) or even 
exploratory surgery is essential. These animals can easily 
progress to complete obstruction of the airway and may 
require emergency tracheostomy. Haematomas can occur 
secondary to anticoagulant rodenticide ingestion, Angio-
strongylus vasorum infection or trauma. In animals with 
coagulopathies, FNA and surgery are contraindicated. 
Haemostasis can be difficult to achieve, but plasma trans -
fusions and specific antidotes such as vitamin K1 should 
eventually lead to cessation of haemorrhage.

Feline viral upper respiratory tract disease: Viral upper 
respiratory disease is a common cause of nasal and ocu -
lar discharge, sneezing, fever and debilitation in cats. 
Feline calicivirus and feline herpesvirus (feline rhino-
tracheitis) are the most common viruses involved. 
Following exposure, there is an incubation period of 2–5 
days. Calicivirus infection usually manifests as an acute 
onset of lethargy and fever, typically followed by mild 
hypersalivation, sneezing, conjunctivitis and oculonasal 
discharge. Ulcers are often evident on the tongue and 
soft palate. The cat usually recovers in 7–10 days. In con-
trast, feline herpesvirus often causes more severe illness 
with fever, profound serous to mucopurulent oculonasal 
discharge and excessive salivation. Respiratory distress 
and open-mouth breathing may occur because of nasal 
obstruction or viral pneumonia. Clinical signs usually 
resolve in 2–3 weeks, although in some cases nasal turbi-
nate damage can be so severe that the cat is prone to 
bacterial upper respiratory tract infections over a pro -
longed period of time. Following recovery from acute 
infection with herpesvirus, clinically normal cats may 
remain persistently infected and act as carriers that con -
tinuously or intermittently shed virus.

Most cats with an acute viral upper respiratory infec -
tion respond well to supportive care and antibiotic therapy 
to treat secondary bacterial infections. In cats with dysp -
noea, severe oral ulceration or difficulty swallowing, 
broad-spectrum antibiotic therapy may need to be admin -
istered parenterally rather than orally. Nutritional support 
is important; food may need to be heated in order to 
increase its palatability, and some severely affected cats 
may require tube feeding (see Chapter 22). Nursing care 
should include careful cleaning of discharges from the 
face. Antiviral drugs are usually unnecessary. Minimal 
data are available regarding the use of non-specific 
immune stimulants such as feline interferon. Numerous 
vaccines are available and are routinely used as part of 
the feline annual vaccination strategy, but are not recom -
mended in cats that are already showing clinical signs. 
Although most vaccines reduce clinical signs of disease, 
they do not prevent infection and the subsequent devel -
opment of a carrier state.

Infectious tracheobronchitis (‘kennel cough’): Kennel 
cough is a syndrome of acute infectious tracheobronchitis 
in dogs, caused by infection with a number of different 
organisms, of which the most clinically important is  
Bor detella bronchiseptica . Other bacteria, such as 
Strepto   coccus, Staphylococcus  and Klebsiella spp., have 
also been implicated. The most common viruses involved 

include canine parainfluenza virus, canine adenovirus-1 
and -2, canine distemper virus, canine influenza virus, 
canine herpesvirus and reoviruses-1, -2 and - 3. The typ-
ical history involves exposure to a coughing dog. After  
an incubation period of 2–7 days, affected dogs develop 
an acute hacking cough. Although the cough can be dis -
tressing to the owner, these dogs are often otherwise sys -
temically healthy, active, eating normally and afebrile. In 
dogs with an acute onset of cough associated with con -
current fever, dyspnoea, systemic illness or depression, 
alternative diagnoses (including pneumonia secondary to 
viruses and/or B. bronchiseptica ) should be considered.

B. bronchiseptica is specially adapted to infect the  
ciliated epithelium of the upper respiratory tract, attach -
ing via fimbriae to the cilia of the mucociliary escalator. It 
secretes exotoxins that cause paralysis of the cilia, 
thereby elimina ting one of the most important lung 
defence mechanisms, allowing the organism to persist in 
the airway for a prolonged period of time. Infectious  
tracheobronchitis is associated with acute inflammation 
of the upper airways and increased production of thick, 
viscous mucus.

Antibiotics used to treat infectious tracheobronchitis 
should be effective against B. bronchiseptica and should 
achieve adequate penetration through the blood–bronchus 
barrier into the mucus lining the bronchi. In adult dogs, 
good choices include doxycycline or fluoroquinolones. In 
puppies, azithromycin or doxycycline should be consid -
ered. Antitussive, expectorant and anti -inflammatory drugs 
may also contribute to the comfort of the patient and  
the client. Corticosteroids should be used with caution 
because of the infectious nature of the disease.

Parenteral and nasal vaccines are available for preven-
tion of infection but are typically not used in animals 
already showing clinical signs. Vaccines may not com -
pletely prevent clinical illness; however, the severity of dis -
ease is likely to be considerably less in vaccinated dogs. 
Vaccines should be administered prior to anticipated 
exposure (e.g. prior to admittance to a boarding kennel).

Smoke inhalation: Animals that present after exposure to 
smoke from house fires can have varying degrees of res-
piratory difficulty. Damage is caused by direct thermal 
injury and by inhalation of noxious substances produced 
by combustion. The gases produced in the largest con -
centration during combustion are carbon monoxide, 
hydrogen cyanide and carbon dioxide. All three of these 
gases, combined with low concentrations of oxygen, can 
cause narcosis. They combine very rapidly with haemo-
globin, diminishing its availability and effectiveness for 
oxygen transfer. Animals that have been exposed to 
smoke in fires should be treated immediately with a high 
inspired concentration of oxygen to attempt to displace 
these gases from haemoglobin. Oxygen therapy should  
be continued for at least an hour. Other gases produced 
by combustion vary depending on the materials that have 
burnt and some can be extremely toxic.

The upper airway can become obstructed by inflamma -
tion and oedema from thermal burns. Patients should be 
monitored for signs of laryngeal or upper airway obstruc -
tion, and tracheostomy or intubation performed if neces -
sary. Airway damage often includes severe necrotizing 
tracheobronchitis, which is accompanied by exudate and 
cough. Bacterial pneumonia can follow due to damaged 
lung defences and proliferation of bacterial pathogens. In 
worst-case scenarios, diffuse inflammatory damage to the 
lung may be recognized, manifesting as generalized acute 
lung injury (ALI) that can progress to ARDS.
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Treatment of smoke inhalation should consist of oxygen 
supplementation, saline nebulization and coupage to pro -
mote clearance of material from the airways, broncho-
dilators and supportive care. Corticosteroids are not 
recommended in these patients because they are already 
locally immunosuppressed from the thermal damage to  
the respiratory tract. Prophylactic antibiotics should be 
avoided, as their use prior to the development of pneu-
monia will only select for resistant bacteria. As with all 
patients at risk for pneumonia, careful monitoring for clini -
cal signs should be followed by a tracheal wash for cytol -
ogy, culture and sensitivity testing before initiating 
antibiotic therapy.

Lower airway disease
Clinical signs
Clinical signs of animals with lower airway disease are 
summarized in Figure 7.13. Disease of the lower airways 
usually refers to abnormalities of the small bronchi and is 
commonly inflammatory in origin. Coughing is the most 
common historical finding. Typically, the cough is harsh or 
honking and non-productive. This type of cough is not 
beneficial to the patient, as it tends to exacerbate inflam -
mation, thereby promoting further coughing. In contrast, 
animals with productive coughing (usually a soft moist 
sound that is followed by swallowing when the animal 
expectorates material into the pharynx) should be evalu -
ated for other disorders such as pneumonia. In pneumo -
nia, the cough is a necessary part of the clearance 
mechanism of the lung rather than being due to bronchial 
disease alone. On auscultation, most dogs with lower air -
way disease have increased bronchovesicular sounds and/
or wheezes. Patients with end-stage disease may have 
significantly increased respiratory rate and effort asso-
ciated with hypoxia. Thoracic radiographs reveal minimal 
evidence of alveolar disease.

General approach to management of patients with 
lower airway disease
Priorities for management of lower airway disease in dogs 
and cats are summarized in Figure 7.14. Animals brought to 
the emergency room because of lower airway disease are 
usually presented during exacerbations and crises, or when 
the disease has become end stage. Respiratory distress is 
a common presentation, especially in cats with asthma. 
Oxygen supplementation is the first priority. Animals that 
are extremely distressed may also benefit from sedation. 
Early diagnostic investigation should include thoracic radio-
graphy once the patient has been stabilized. Most patients 
with bronchial disease have little or no alveolar disease  
visible on thoracic radiographs. A peribronchial pattern may 
be present, with ‘doughnuts’ and ‘tramlines’, but alveolar 
disease should be absent unless pneumonia or another 
secondary process is present. Cats with bronchial disease 
often have lung hyper inflation, radiographically identified by 
a flattened diaphragm and evidence of air -filled lung 
between the caudal border of the heart and the diaphragm.

Clinical and historical signs associated with lower airway 
(bronchial) disease in dogs and cats.7.13

• Cough
• Exercise intolerance
• Dyspnoea (severe cases, expiratory dyspnoea in cats with feline 

asthma)
• Increased bronchovesicular sounds
• Wheezes on auscultation

Hypoxia in animals with chronic bronchitis is thought 
to be attributable to inequality of ventilation and pulmo -
nary perfusion (V/Q mismatch) mainly caused by bron-
chial obstruction. Bronchial obstruction follows increased 
mucus production, mucosal hyperaemia and oedema, as 
well as early collapse of abnormal and weakened small  
airways. Obesity often contributes to the severity of  
the clinical signs, causing diminished ability to expand 
the lungs because of pressure on the thorax from the 
chest wall and abdomen. Bronchopneumonia is a com -
mon complication because of diminished lung defences. 
Although some degree of bronchoconstriction can occur, 
dogs do not suffer from smooth muscle spasm as seen in 
cats with feline allergic airway disease (asthma). Acute 
severe bronchoconstriction in cats with hyper -responsive 
airways contributes significantly to respiratory distress  
in affected animals. Animals with severe lower airway  
disease therefore present with respiratory distress 
caused by end-stage chronic obstructive pulmonary  
disease, superimposed bronchopneumonia and, in cats, 
bronchospasm.

General approach to emergency management of dogs and 
cats with lower airway disease.7.14

• Oxygen supplementation
• Rest; sedation not usually required
• Minimal stress
• Vascular access
• ���•�–�‹�æ�‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›���†�‘�•�‡�•���‘�ˆ���…�‘�”�–�‹�…�‘�•�–�‡�”�‘�‹�†�•�����•�‘�–��

immunosuppresive)
• Dexamethasone at 0.1–0.2 mg/kg i.v., i.m. q12h or
• Prednisolone at 0.5–1 mg/kg i.v., i.m., orally q12h

• Bronchodilators
• Terbutaline at 0.01 mg/kg i.v., i.m. q6–8h or
• Aminophylline at 5.5 mg/kg i.v. q8h

• Cough suppressants
• Butorphanol at 0.2–0.4 mg/kg i.v., i.m. or 0.5–1.0 mg/kg orally 

q6–12h or hydrocodone at 1.25–5 mg/kg orally q6–12h
• Antibiotics if there is evidence of concurrent pneumonia
• Thoracic radiographs to rule out pulmonary alveolar disease
• Consider tracheal wash (see Figures 7.15 and 7.16) for culture and 

cytological examination

If bronchial disease is suspected, corticosteroids can be 
extremely helpful because of the role of inflammation in the 
disease process. Initially, high doses are indicated, but 
should be reduced to the minimal effective dose as soon as 
pos sible. Bronchodilators such as terbutaline and amino -
phylline are also considered first-line drugs in these 
patients. Both corticosteroids and bronchodilators are typi -
cally administered by the intravenous or intramuscular 
route. The admin istration of bronchodilators and cortico-
steroids by aerosolization can be helpful but may not be  
tolerated by extremely dyspnoeic animals, and should sup -
plement, rather than replace, parenteral drug adminis  tration 
in an emergency situation. Administration by the aerosol 
route is likely to be most useful in patients that are already 
accustomed to this route of administration as part of a 
chronic management plan. Refractory coughing may res-
pond to antitussive drugs such as butorphanol. Mild seda -
tion may also be bene ficial, with low doses of acepromazine 
being effective in many patients. Since exacerbation of the 
clinical signs may occur due to secondary bacterial infec -
tion and even pneumonia, anti  biotics may be of value in 
some cases to diminish exudate production. Ideally, cytol -
ogy and culture of samples obtained from the airway (usu -
ally obtained by tracheal wash; Figures 7.15 and 7.16) should 
be undertaken prior to starting antibiotic therapy. Most res -
piratory crises caused by bronchial disease respond well  
to medical management, minimal stress and an oxygen -
enriched environment.
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Tracheal washes.7.15

���”�ƒ�•�•�æ�–�”�ƒ�…�Š�‡�ƒ�Ž���™�ƒ�•�Š

• Used in medium to large-sized dogs
• A trans-tracheal wash can usually be performed without sedation unless the dog is fractious. Ideally, the animal should be alert enough to cough to 

aid in sample collection. An 18 G through-the-needle catheter is used to collect the sample: 20 cm length in smaller dogs; 30 cm length in larger dogs

1. The skin of the ventral neck from the larynx to the mid-trachea should be clipped and aseptically prepared.
2. �����Ž�‘�…�ƒ�Ž���ƒ�•�ƒ�‡�•�–�Š�‡�–�‹�…���•�—�…�Š���ƒ�•���Ž�‹�†�‘�…�ƒ�‹�•�‡���‹�•���‹�•�¤�Ž�–�”�ƒ�–�‡�†���–�‘���–�Š�‡���Ž�‡�˜�‡�Ž���‘�ˆ���–�Š�‡���–�”�ƒ�…�Š�‡�ƒ���ƒ�–���–�Š�‡���•�‹�–�‡���‘�ˆ���’�Ž�ƒ�•�•�‡�†���…�ƒ�–�Š�‡�–�‡�”���’�Ž�ƒ�…�‡�•�‡�•�–�ä�����Š�‡���•�‹�–�‡���‘�ˆ���‹�•�•�‡�”�–�‹�‘�•���‹�•��

�–�›�’�‹�…�ƒ�Ž�Ž�›���„�‡�–�™�‡�‡�•���–�™�‘���ƒ�•�†���¤�˜�‡���–�”�ƒ�…�Š�‡�ƒ�Ž���”�‹�•�‰�•���†�‹�•�–�ƒ�Ž���–�‘���–�Š�‡���Ž�ƒ�”�›�•�š�â���’�”�‡�…�‹�•�‡���…�‘�—�•�–�‹�•�‰���‘�ˆ���–�”�ƒ�…�Š�‡�ƒ�Ž���”�‹�•�‰�•���‹�•���•�‘�–���•�‡�…�‡�•�•�ƒ�”�›�ä
3. ���Š�‡���…�ƒ�–�Š�‡�–�‡�”���‹�•���’�—�•�Š�‡�†���–�Š�”�‘�—�‰�Š���–�Š�‡���•�•�‹�•�ä�����Š�‡���–�”�ƒ�…�Š�‡�ƒ���‹�•���‹�•�‘�Ž�ƒ�–�‡�†���ƒ�•�†���•�–�ƒ�„�‹�Ž�‹�œ�‡�†���„�‡�–�™�‡�‡�•���–�Š�‡���–�Š�—�•�„���ƒ�•�†���ˆ�‘�”�‡�¤�•�‰�‡�”�á���ƒ�•�†���–�Š�‡���–�‹�’���‘�ˆ���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���‹�•��

placed against the trachea between two rings. The tip of the catheter is held perpendicular to the trachea with the bevel of the needle facing 
down, and is ‘popped’ into the lumen of the trachea.

4. The needle is then angled downward and the entire length of the catheter is fed down the trachea.
5. If the catheter does not feed easily, the needle is backed out of the trachea about 0.25 cm as the tip of the needle may be pressed up against the 

back wall of the trachea, and the catheter is again fed into the trachea.
6. Once the full length of the catheter is in the trachea, the needle is withdrawn, the needle guard is placed around the needle and the stylet is 

removed from the catheter.
7. ���’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���Y���U�T���•�Ž���‘�ˆ���•�–�‡�”�‹�Ž�‡���•�ƒ�Ž�‹�•�‡���‹�•���‹�•�Œ�‡�…�–�‡�†���‹�•�–�‘���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”�ä
8. Coupage is performed on the dog’s chest to encourage coughing and productive sampling.
9. ���Š�‹�•���‹�•�Œ�‡�…�–�‹�‘�•���’�”�‘�…�‡�†�—�”�‡���…�ƒ�•���„�‡���”�‡�’�‡�ƒ�–�‡�†���—�’���–�‘���–�Š�”�‡�‡���–�‹�•�‡�•���‹�ˆ���•�‡�…�‡�•�•�ƒ�”�›���–�‘���‘�„�–�ƒ�‹�•���ƒ�•���ƒ�†�‡�“�—�ƒ�–�‡���•�ƒ�•�’�Ž�‡�ä�����•�Ž�›���ƒ���•�•�ƒ�Ž�Ž���’�”�‘�’�‘�”�–�‹�‘�•���‘�ˆ���–�Š�‡���‹�•�•�–�‹�Ž�Ž�‡�†��

�ª�—�‹�†���™�‹�Ž�Ž���„�‡���”�‡�…�‘�˜�‡�”�‡�†�ä
10. The sample is submitted in a sterile container for culture and cytology.
11. The catheter is removed from the dog’s neck and a gauze square is placed over the entry point to stop any minor bleeding.

Alternatively, if a long through-the-needle catheter is not available, a standard over-the-needle catheter may be used. The catheter is placed in the 
trachea as described above and the stylet removed. A long male dog urinary catheter is then threaded through the intravenous catheter to 
approximately the level of the carina. This can be estimated by premeasuring the catheter to the 4th intercostal space. The saline is instilled through 
the urinary catheter. Typically a 4–6 Fr urinary catheter is used with a 12–14 G intravenous catheter, depending on patient size

Complications can include subcutaneous emphysema, pneumomediastinum, pneumothorax, bleeding, catheter breakage and aspiration of the 
catheter into the airway, and worsening respiratory status due to the stress of the procedure

���•�†�‘�–�”�ƒ�…�Š�‡�ƒ�Ž���™�ƒ�•�Š

Endotracheal washes can be used in small dogs, large dogs that have been anaesthetized for another procedure and cats. The patient should be 
stable enough to be lightly anaesthetized

1. A sterile endotracheal tube is inserted into the trachea, avoiding oral contamination.
2. �����•�–�‡�”�‹�Ž�‡���†�‘�‰���—�”�‹�•�ƒ�”�›���…�ƒ�–�Š�‡�–�‡�”���‘�”���”�‡�†���”�—�„�„�‡�”���…�ƒ�–�Š�‡�–�‡�”���‹�•���—�•�‡�†���–�‘���‹�•�Œ�‡�…�–���•�–�‡�”�‹�Ž�‡���•�ƒ�Ž�‹�•�‡���„�‡�›�‘�•�†���–�Š�‡���Ž�—�•�‡�•���‘�ˆ���–�Š�‡���‡�•�†�‘�–�”�ƒ�…�Š�‡�ƒ�Ž���–�—�„�‡�ä
3. The catheter is then aspirated while an assistant performs coupage on the patient.

An alternative method uses a suction catheter and sterile suction trap to collect the sample. This requires mechanical suction; the sample is 
automatically collected into the sterile suction trap

Patients that have an endotracheal wash performed should be closely monitored during recovery to ensure that they have adequate ventilatory 
function and oxygenation

Trans-tracheal wash. (a) The ventral neck of the dog is clipped and aseptically prepared. (b) An 18 G through-the-needle catheter is pushed 
through the skin and ‘popped’ into the trachea between two tracheal rings. (c) The catheter is angled downward and fed all the way into the 

�–�”�ƒ�…�Š�‡�ƒ�ä�����Š�‡���•�–�‡�”�‹�Ž�‡���•�Š�‡�ƒ�–�Š���‹�•���”�‡�•�‘�˜�‡�†�á���–�Š�‡���•�‡�‡�†�Ž�‡���‹�•���™�‹�–�Š�†�”�ƒ�™�•���ƒ�•�†���–�Š�‡���•�‡�‡�†�Ž�‡���‰�—�ƒ�”�†���”�‡�’�Ž�ƒ�…�‡�†�á���ƒ�•�†���–�Š�‡���•�–�›�Ž�‡�–���‹�•���”�‡�•�‘�˜�‡�†�ä�����†�������–�‡�”�‹�Ž�‡���•�ƒ�Ž�‹�•�‡���‹�•���ª�—�•�Š�‡�†���‹�•�–�‘��
the catheter and the catheter is then aspirated to obtain the sample.

7.16

(a) (b) (c) (d)

Syndromes of lower airway disease
Feline allergic bronchitis: Feline allergic bronchitis, also 
referred to as feline asthma, is the most common cause of 
lower airway disease in cats (Figure 7.17). The clinical signs 
result from bronchial inflammation with peribronchial infil -
trates, mucosal oedema, increased mucus production, 

bronchiolar smooth muscle hypertrophy, and reversible 
airway obstruction caused by excessive bronchoconstric -
tion due to smooth muscle spasm. Airway obstruction is 
most severe during expiration and may lead to air trapping 
and alveolar hyperinflation. Cats may present with disease 
at any age but signs often first appear in young adults. 
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Clinical signs can range from severe dyspnoea to intermit -
tent cough. In severe cases, cats exhibit open -mouth 
breathing, have pale to cyanotic mucous membranes  
and may have an abdominal component to respiration, 
especially during expiration. On auscultation, expiratory 
wheezes are often heard. In the most severe cases, respir-
atory sounds may be virtually absent, as air movement is 
almost cut off by the severity of bronchial obstruction.

If the cat is in severe distress, obtaining a definitive 
diagnosis should be delayed until it is more stable. The cat 
should be placed in an oxygen cage, thereby minimizing 
stress and allowing it to relax after transport. Since  
bronchoconstriction occurs as a result of inflammation, 
corticosteroids should be given intravenously if possible 
(otherwise, intramuscularly). Bronchodilators such as terb -
utaline have proven to be useful in acute management. In 
agonal cases, adrenaline (epinephrine) should be adminis-
tered (0.5–0.75 ml of 1:10,000 solution i.m.) for its profound 
vasoconstrictive, inotropic and bronchodilator effects. If 
there is no response to medical management and the  
cat remains in severe distress, anaesthesia (halothane is  
particularly useful for its bronchodilatory effects) and intu -
bation may be required. Occasionally, cats may have pneu -
mothorax secondary to rupture of the hyperinflated alveoli.

Radiographic findings include a bronchiolar pattern, 
collapse of the right middle lung lobe and pulmonary 
hyperinflation (Figure 7.18). Findings may be normal if radio - 
graphy is delayed until the patient has been stabilized. 
Definitive diagnosis requires the demonstration of inflam -
mation on tracheal wash cytology.

Canine chronic bronchitis: This is characterized by a per -
sistent cough occurring for at least two consecutive 
months in the absence of another specific pulmonary dis -
ease. Hyperplasia and hypertrophy of the bronchial glands, 
increased goblet cells, increased airway secretions and 
increased infiltrates of inflammatory cells are seen. This 
results in thickened, hyperaemic bronchial walls, obstruc -
tion of small airways with mucus and proliferation of epith-
elial surfaces. Patients with exacerbated or end -stage 
disease can present with severe distress and cyanosis.

Physical examination findings may include increased 
airway sounds with wheezes and coarse crackles on chest 
auscultation caused by opening and closing of small  
bronchi. Thoracic radiographs usually show a bronchial 
pattern, and the extent of the changes does not always 
correlate with the severity of clinical signs. Severe cases 
may show evidence of bronchiectasis. Immediate manage -
ment is as described above. In addition, saline nebuliza -
tion may assist with mobilization of secretions.

Lower airway masses and foreign bodies: Foreign  
bodies and tumours can also occur in the lower airways. 
Radiographs may assist in confirming the diagnosis. 
Chronic bronchial obstruction causes gradual collapse 
and absorption atelectasis of the affected lung lobe. Even 
if a foreign body or neoplasm is not visible on radio  -
graphs, the presence of one completely collapsed lung 
lobe should prompt suspicion of complete bronchial 
obstruction and absorption atelectasis. Sudden onset of 

respiratory distress can be seen after aspiration of a  
foreign body into the bronchi (Figure 7.19). Foreign bodies 
may be retrieved with the aid of bronchoscopy or fluoros -
copy or removed at the time of thoracotomy. Neoplasia of 
the lower airways is usually characterized by a slower, 
more gradual onset of respiratory distress. Thoracic radio -
graphs and bronchoscopy can aid in diagnosis, and 
biopsy assists in its confirmation. Debulking or removal of 
the mass (often including lung lobectomy) may be neces -
sary, unless the biopsy reveals lymphoma, which may 
respond to chemotherapy.

(a) Right lateral 
and (b) 

ventrodorsal radiographs 
of a 4-year-old female 
Domestic Shorthair cat 
presented with a 2-day 
history of increased 
respiratory rate and 
�‡�¡�‘�”�–���ƒ�•�†���ƒ���U�æ�†�ƒ�›���Š�‹�•�–�‘�”�›��
of anorexia. Note the 
bronchial pattern, often 
described as ‘doughnuts’ 
and ‘tramlines’, and 
�Š�›�’�‡�”�‹�•�ª�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡��
lungs.

7.18

(a)

(b)

A post-mortem examination of this 4-year-old cat revealed 
aspirated plant material in a bronchus. 

(Reproduced with permission of Veterinary Learning Systems, Trenton, NJ)

7.19

���‘�•�•�‘�•���†�‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‡�•���ˆ�‘�”���Ž�‘�™�‡�”���ƒ�‹�”�™�ƒ�›���†�‹�•�‡�ƒ�•�‡���‹�•��
dogs and cats.7.17

• Feline asthma
• Chronic bronchitis
• Neoplasia
• Aspirated foreign body
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Pulmonary parenchymal disease
Clinical signs
Clinical signs of pulmonary parenchymal disease are sum -
marized in Figure 7.20. Pulmonary parenchymal disease is 
commonly associated with varying degrees of hypoxia and 
respiratory distress. The lungs typically have decreased 
compliance, resulting in a restrictive pattern of respiration 
(rapid shallow breathing), and severe hypoxia may be man-
ifested by paradoxical respiration. Hypoxia in patients with 
pulmonary parenchymal disease is usually caused by ven-
tilation/perfusion mismatch and even shunting due to filling 
and collapse of alveoli. Some patients may also have an 
increased diffusion barrier caused by thickening or infiltra -
tion of the alveolar membrane.

On auscultation, harsh bronchovesicular sounds and/or 
crackles are common. Careful auscultation of the heart 
should be performed to detect the presence of a murmur, 
gallop or arrhythmia, which might indicate congestive heart 
failure. Nasal discharge can occur in patients with broncho -
pneumonia or profound pulmonary oedema. Coughing may 
be a feature of pulmonary parenchymal disease if there  
is bronchial irritation or inflammation. Typically, coughing is 
productive: a soft moist cough is an important part of 
clearance of secretions from the pulmonary parenchyma.

Animals with pulmonary parenchymal disease usually 
have an alveolar pattern on thoracic radiographs. The 
distribution of the alveolar pattern can provide important 
information about the aetiology of respiratory failure. 
Occasionally, animals may have minor or absent radio -
graphic changes (e.g. with pulmonary thromboembolism 
or interstitial fibrosis).

General approach to management of patients with 
pulmonary parenchymal disease
The approach to management of animals with pulmonary 
parenchymal disease is summarized in Figure 7.21. 
Patients that are in respiratory distress due to suspected 
pulmonary parenchymal disease should receive oxygen 
supplementation immediately. Physical examination and 
historical findings often give an indication of the cause of 
the disease process. Thoracic radiographs are a valuable 
diagnostic tool. If respiratory distress is so severe that  
thoracic radiographs cannot be obtained safely, empirical 
treatment for the most common causes of pulmonary 
parenchymal disease should be initiated. For example, in 
cats presenting with severe dyspnoea and pulmonary 
crackles, which are most likely due to congestive heart 
failure, the intramuscular administration of furosemide may 
result in stabilization. Often, empirical medical manage -
ment combined with oxygen supplementation can improve 
the condition of the patient to the point that radiographs 
can be obtained. If the patient does not improve or even 
deteriorates in spite of medical management, an aggres -
sive approach may be required, including general anaes -
thesia and intubation of the patient to facilitate diagnostic 
testing and therapy.

General approach to emergency management of dogs and 
cats with pulmonary parenchymal disease.7.21

• Oxygen supplementation
• Rest and minimal stress
• Vascular access
• Thoracic radiographs (if possible)
• ���‡�†�‹�…�ƒ�Ž���•�ƒ�•�ƒ�‰�‡�•�‡�•�–���ƒ�…�…�‘�”�†�‹�•�‰���–�‘���•�‘�•�–���Ž�‹�•�‡�Ž�›���†�‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‡�•�ã

• Bacterial bronchopneumonia:
 – Tracheal wash for culture and cytological examination

Stable:
 – ���•�”�‘�ª�‘�š�ƒ�…�‹�•���ƒ�–���Y���U�Y���•�‰���•�‰���‘�”�ƒ�Ž�Ž�›���“�V�X�Š��or
 – Co-amoxiclav at 14–22 mg/kg orally q12h

Unstable:
 – ���•�”�‘�ª�‘�š�ƒ�…�‹�•���ƒ�–���Y���U�Y���•�‰���•�‰���‹�ä� �̃ä���“�V�X�Š���ƒ�•�†���ƒ�•�’�‹�…�‹�Ž�Ž�‹�•���ƒ�–���V�V���•�‰���•�‰��

i.v. q8h or
 – Amikacin at 15 mg/kg i.v. q24h and ampicillin at 22 mg/kg i.v. q8h 

or
 – Cefotaxime and clindamycin at 11 mg/kg i.v. q12h or
 – Ticarcillin/clavulanate at 50 mg/kg i.v. q6h (currently not 

available in the USA)
 – Nebulization and coupage

• Pulmonary oedema:
 – Furosemide at 0.5–2 mg/kg i.v., i.m. q4–12h
 – Glyceryl trinitrate paste at 6–25 mm cutaneously or
 – Pimobendan at 0.15 mg/kg i.v. q12h
 – Nitroprusside at 2–10 �+g/kg/min
 – Dobutamine at 5–10 �+g/kg/min

• Haemorrhage (due to coagulopathy):
 – Fresh whole blood or fresh frozen plasma transfusions
 – Vitamin K1 at 2 mg/kg s.c., orally q12h

• Pulmonary thromboembolism:
 – Unfractionated heparin at 100–300 IU/kg s.c. q6h or  

10–50 IU/kg/h i.v. constant rate infusion
• ���—�Ž�•�‘�•�ƒ�”�›���‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›���†�‹�•�‘�”�†�‡�”�•�ã

 – Dexamethasone at 0.25–0.5 mg/kg i.v., i.m. q12–24h or
 – Prednisolone at 0.5–1 mg/kg i.v., i.m., orally q12–24h

Clinical and historical signs associated with pulmonary 
parenchymal disease in dogs and cats.7.20

• Pale or cyanotic mucous membranes
• Increased respiratory rate or dyspnoea
• Restrictive respiratory pattern
• Harsh bronchovesicular sounds
• Crackles
• Nasal discharge
• Cough (often productive)

Syndromes of pulmonary parenchymal disease
Pneumonia: This is one of the most common causes of pul -
monary parenchymal disease (Figure 7.22). Pneumonia is 
categorized as aspiration, bacterial, parasitic, viral or fungal, 
occurring alone or in combination. Pneumonia is more com -
mon in dogs than in cats. Physical examination usually re -
veals increased respiratory rate and effort, pale to cyanotic 
mucous membranes, and harsh lung sounds or crackles. If 
the animal is stable, the diagnosis is confirmed by radio -
graphic findings of alveolar disease (Figure 7.23), cytology 
showing acute neutrophilic inflammation, and culture and 
sensitivity testing of airway aspirates obtained by tracheal 
wash or bronchoalveolar lavage. Serology may be used to 
assist diagnosis of viral, parasitic or fungal pneumonia.

Aspiration pneumonia is caused by the inhalation of 
foreign material. This typically comprises oral secretions or 
gastrointestinal tract contents subsequent to vomiting  
or regurgitation. Animals with underlying conditions such 
as pharyngeal/laryngeal dysfunction, megaoesophagus, 
cleft palate, abnormal mentation, recumbency or debilita -
tion have an increased risk of aspiration. The acidic pH of 
gastric reflux material determines the extent of broncho-
constriction and injury to the airway epithelium and 
pulmonary parenchyma. Liquids reach the alveoli within 

���‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‡�•���ˆ�‘�”���’�—�Ž�•�‘�•�ƒ�”�›���’�ƒ�”�‡�•�…�Š�›�•�ƒ�Ž���†�‹�•�‡�ƒ�•�‡���‹�•��
dogs and cats. LG = lymphomatoid granulomatosis; PIE = 

�’�—�Ž�•�‘�•�ƒ�”�›���‹�•�¤�Ž�–�”�ƒ�–�‡���™�‹�–�Š���‡�‘�•�‹�•�‘�’�Š�‹�Ž�•�ä

7.22

• Pneumonia
• Pulmonary oedema (cardiogenic and non-cardiogenic)
• Haemorrhage
• Pulmonary thromboembolism
• Neoplasia: primary or metastatic
• ���—�Ž�•�‘�•�ƒ�”�›���‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›���†�‹�•�‡�ƒ�•�‡�������������ƒ�•�†�����
��
• ���…�—�–�‡���Ž�—�•�‰���‹�•�Œ�—�”�›���ƒ�•�†���ƒ�…�—�–�‡���”�‡�•�’�‹�”�ƒ�–�‘�”�›���†�‹�•�–�”�‡�•�•���•�›�•�†�”�‘�•�‡

Ch07 Emergency.indd   104 22/02/2018   16:37



Chapter 7 · General approach to respiratory distress

105

mobilize airway secretions, promote coughing and im -
prove airway clearance. Nebulized mucolytic agents are 
not typically used as they can cause bronchospasm, but 
mucolytic drugs such as acetylcysteine or guaifenesin can 
be used intravenously or orally. Oxygen supplementation 
should be administered as required, and severely affected 
cases may require positive pressure ventilation (PPV).

Pulmonary oedema: This is the accumulation of fluid in 
the alveoli and pulmonary interstitium and is divided by  
initiating cause into cardiogenic and non -cardiogenic 
forms. Cardiogenic oedema is more common and is seen 
in animals with left-sided heart failure and elevated pulmo -
nary venous pressure. On auscultation, crackles are often 
evident and may be accompanied by a mitral murmur in 
dogs or a gallop rhythm in cats. Thoracic radiographs usu -
ally reveal cardiomegaly and a perihilar alveolar pattern in 
dogs. In cats, distribution of oedema is less specific. 
Details of diagnosis and management of cardiogenic pul -
monary oedema are given in Chapter 6.

Neurogenic pulmonary oedema is a form of non - 
cardiogenic pulmonary oedema that can be caused by  
seizures or head trauma, choking or airway obstruction, 
and electric shock. Acute stimulation of specific areas of 
the brainstem triggers a massive, but transient, reflex sym -
pathetic discharge that results in increased peripheral  
vascular resistance, briefly raising systemic blood pres -
sure. Blood therefore moves transiently from the systemic 
circulation into the low -pressure pulmonary vasculature, 
which has relatively few catecholamine receptors. This vol -
ume shift dramatically and transiently elevates pulmonary 
venous pressures. The resultant increase in hydrostatic 
pressure (transmural pressures often >40 mmHg) causes 
capillary wall stress, which damages the capillary 
endothelial cells and the basement membrane, leading to 
an acute increase in microvascular permeability. The end 
result is fluid redistribution into the interstitium and alveoli. 
The pressures rapidly return to normal, but the changes in 
permeability remain for several hours.

Affected animals may develop respiratory distress 
immediately or over several hours after the inciting incident. 
Varying degrees of respiratory distress occur; some  
animals have minimal signs, whilst others can rapidly 
become agonal because of fulminant pulmonary oedema. 
Crackles are often heard on auscultation. The diagnosis 
can be confirmed by thoracic radiography, which reveals an 
interstitial or alveolar pattern typically in the dorsocaudal 

(a) Right lateral, (b) left lateral and (c) ventrodorsal radiographs of a 4-year-old male German 
Shepherd Dog with chronic rhinitis. The dog presented following an acute episode of gagging 

and retching and in respiratory distress. Note the alveolar pattern and air bronchograms (predominantly 
in the right middle lung lobe and caudal portion of the left cranial lung lobe), which are typical of 
aspiration pneumonia.

7.23

(a) (b)

(c)

minutes, making attempts to perform suction of the air -
ways futile in most cases. The resultant inflammation 
impairs lung defences and allows bacteria in the aspirated 
material to colonize the lungs. By the time most aspiration 
pneumonia cases are recognized, bacterial infection has 
occurred. These patients are therefore treated in the same 
way as those with primary bacterial pneumonia. In patients 
with severe dyspnoea immediately after an acute aspira-
tion event, transient but profound bronchoconstriction may 
be the cause of acute hypoxia. Some of these patients 
respond very well to the intravenous administration of a 
bronchodilator such as terbutaline.

Bacterial bronchopneumonia usually occurs as a conse -
quence of bronchogenous invasion (inhalation or aspiration) 
of pathogenic and opportunistic bacteria, or occasionally  
by haematogenous spread. Animals with bronchogenous 
pneumonia typically have a cranioventral pattern of alveolar 
disease on radiographs, whereas those with haematoge -
nous pneumonia often have a patchy or nodular distribution. 
Bacterial pneumonia can be caused by primary respiratory 
tract pathogens, such as B. bronchiseptica, or by oppor-
tunistic pathogens that proliferate because of suppression 
of respiratory tract defences. With the exception of animals 
suspected of Bordetella  spp. infection, dogs and cats  
that present with bacterial pneumonia should be carefully 
evaluated for underlying disorders.

Other causes of pneumonia include parasites (A. vaso-
rum), viral agents (canine distemper and canine influenza), 
protozoal organisms (toxoplasmosis) and fungal invasion 
(histoplasmosis, blastomycosis and coccidioidomycosis). 
In addition to general pneumonia management, specific 
therapy should be directed against individual organisms.

Bacterial cultures should be obtained before starting 
antibiotic therapy whenever possible. Gram -negative path-
ogens and polymicrobial infections are common. Broad -
spectrum antibiotic treatment should be started while 
waiting for the culture results. Oral drugs such as trimetho -
prim/sulphonamides, chloramphenicol, co -amoxiclav or 
fluoroquinolones can be used if the animal is not system-
ically ill. If the patient is hypoxic, in respiratory distress or 
febrile, intravenous antibiotics must be administered until 
the animal is stable. Combinations of antibiotics that  
provide broad -spectrum coverage include ampicillin/  
aminoglycosides, ampicillin/fluoroquinolones or a second - 
or third-generation cephalosporin combined with clinda-
mycin. Another potentially valuable therapy is nebulization 
with sterile saline followed by coupage to loosen and 
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lung fields (Figure 7.24). The extent of lung impairment is 
determined by arterial blood gas analysis. Animals are 
hypoxic and have a PaCO2 that may be low, normal or high, 
depending on the severity of the disease.

Treatment consists of supportive care with oxygen 
supplementation as needed. Diuretics may be adminis -
tered but are less effective than in cardiogenic oedema 
because the oedema is caused by a vascular permeability 
change, rather than by a sustained increase in pulmonary 
venous pressure. The use of corticosteroids in these 
patients remains controversial and is not currently recom -
mended. Mildly affected animals improve dramatically in 
24–48 hours, while the most severely affected animals with 
fulminant pulmonary oedema may require PPV and often 
do not recover.

(a) Right lateral 
and (b) ventro-

dorsal radiographs of a 
2-month-old male Cane 
Corso that presented with 
increased respiratory rate 
�ƒ�•�†���‡�¡�‘�”�–���ƒ�ˆ�–�‡�”���„�‡�‹�•�‰��
choked when its lead 
became entangled with that 
of another dog. The dog was 
�„�”�‹�‡�ª�›���—�•�…�‘�•�•�…�‹�‘�—�•���ƒ�ˆ�–�‡�”���–�Š�‡��
incident. Note the bilateral 
alveolar pattern localized to 
both caudal lung lobes; this 
is the classic pattern and 
distribution seen with 
non-cardiogenic oedema.

7.24

(a)

(b)

Aelurostrongylus abstrusus, which primarily infects cats, is 
found in the terminal bronchioles and alveoli and causes 
bronchiolitis and pneumonia. Filaroides hirthi  and 
Crenosoma vulpis, which are found in the lower airways of 
dogs, cause bronchitis and eosinophilic or granulomatous 
pneumonia. Both dogs and cats can be infected with 
Capillaria aerophila, which lives in coiled masses embed -
ded in the tracheal and bronchial mucosa and causes 
chronic coughing or pneumonia. Occasionally, dogs and 
cats heavily infested with ascarids may have respiratory 
signs associated with lung migration.

Radiographic signs are generally non-specific, although 
a peripheral alveolar–interstitial pattern has been reported 
with Angiostrongylus vasorum infection and mucosal nod -
ules are occasionally visible with Oslerus osleri. As the life 
cycle of most parasites involves production of first -stage 
larvae in the lung, which are then expectorated into the 
mouth and swallowed, diagnosis is achieved by identifying 
larvae in faeces (Baermann technique or direct smear). 
Larvae may also be identified in tracheal wash samples, 
along with neutrophilic or eosinophilic inflammation. There 
is also an antigen blood test available in the UK that is  
specific for the detection of A. vasorum infection. O. osleri 
nodules and adult parasites may be directly visualized with 
bronchoscopy. Although some parasites (such as O. osleri 
and F. hirthi) are directly transmitted, most other lung -
worms require a paratenic host such as a slug, snail or 
earthworm. Treatment of lungworms typically involves the 
use of fenbendazole, milbemycin or moxidectin. Fen  -
bendazole should be administered for a minimum of 14 
days and as long as 20 days in cats with A. abstrusus .

Pulmonary haemorrhage: Pulmonary haemorrhage can 
occur secondary to trauma (pulmonary contusions), coagu -
lopathies (anticoagulant rodenticide ingestion, A. vasorum 
infection) and neoplasia. Haemorrhage into the paren-
chyma is commonly seen following anticoagulant roden-
ticide ingestion. These animals can present with coughing 
(which may include a productive cough with blood -tinged 
sputum), lethargy or respiratory distress. Varying degrees 
of anaemia and pale mucous membranes are seen due to 
blood loss. Radiographs usually reveal a patchy alveolar 
pattern or pleural effusion. Treatment consists of oxygen 
support, fresh frozen plasma or fresh whole blood in addi -
tion to vitamin K1 therapy (see Chapters 14 and 19).

Pulmonary contusions are the second most common 
cause of respiratory distress following blunt thoracic 
trauma, representing haemorrhage into the pulmonary 
interstitium and alveoli from ruptured capillaries (Figure 
7.25). These animals are often in hypovolaemic (haemor-
rhagic) shock, combined with respiratory distress and 
increased bronchovesicular sounds or even crackles. Even 
though these patients are usually in shock, caution should 
be exercised when giving intravenous fluids, since fluid 
loading can worsen the severity of pulmonary haemor -
rhage and can cause accumulation of oedema in addition 
to blood. Although crackles may sometimes be heard  
on chest auscultation, diuretics are contraindicated in the 
presence of shock. Diuretics do not prevent further haem -
orrhage into the pulmonary parenchyma nor promote 
reabsorption of erythrocytes from the lung. Rather, by 
causing diuresis, they may exacerbate hypovolaemia.

Pulmonary contusions should be treated with cautious 
fluid therapy and supportive care (oxygen supplementa -
tion) until the lungs have a chance to reabsorb the blood. 
In severe cases, PPV and/or positive end-expiratory pres-
sure (PEEP) may be required to support oxygenation. If 
pulmonary function deteriorates following fluid therapy but 

Lungworms: These parasitic nematodes can cause clini -
cal signs of respiratory disease, including coughing and 
dyspnoea. A. vasorum (French heartworm) is a metastron-
gylid nematode; the adult worm lives in the pulmonary 
arterioles. It can cause both respiratory signs and a coag -
ulopathy, and is found most commonly in young dogs in 
the south of England. Oslerus osleri is found in small  
nodules on the mucosa of the tracheal bifurcation and 
bronchi of dogs and usually causes coughing, but occa -
sionally can cause dyspnoea due to airway obstruction. 
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the cardiovascular system has stabilized, it is likely that 
pulmonary oedema is present superimposed on the haem -
orrhage. In this event, judicious use of furosemide can be 
helpful to resolve the oedema.

Bacterial pneumonia is an uncommon complication of 
pulmonary contusions, but prophylactic antibiotic therapy 
is not recommended. Prophylactic antibiotics result in 
selection for resistant bacterial populations and may not 
change the incidence of pneumonia. Instead, the patient 
should be monitored for signs that pneumonia has devel -
oped: a productive cough, fever or failure of respiratory 
signs to resolve within 48–72 hours. If pneumonia occurs, 
a tracheal wash with culture and sensitivity testing is rec -
ommended, followed by appropriate antibiotic therapy, 
nebulization and coupage.

Pulmonary thromboembolic disease: This is caused  
by pulmonary arterial obstruction by thrombi and results  
in respiratory distress by producing severe ventilation/ 
perfusion mismatch. Thrombi form because of systemic 
hypercoagulability, stasis of blood within vessels or direct 
endothelial damage. Thrombi can form in disease states 
such as protein-losing nephropathy, hyperadrenocorti -
cism, immune-mediated haemolytic anaemia, bacterial 
endocarditis, dirofilariasis, sepsis and pancreatitis, as well 
as following surgery (see Chapter 13). Affected patients 
often have a sudden onset of respiratory distress, 
increased respiratory rate and effort, generalized harsh 
lung sounds, and pale to cyanotic mucous membranes. 
When thrombus accumulation in the lungs is extensive, an 

occlusive reduction in pulmonary venous return to the 
heart may occur, which is detected as reduced pulse  
quality and hypotension. Thoracic radiographs are often 
normal but may reveal varying interstitial or alveolar pat -
terns, pleural effusion and dilated or truncated pulmonary 
arteries (Figure 7.26). The most common clinicopathol-
ogical findings are elevation of serum D-dimers and throm -
bocytopenia. A definitive diagnosis can sometimes be 
made using non-selective CT angiography, but unstable 
patients may not tolerate this procedure because of the 
need for anaesthesia. Newer techniques using very fast 
scanners are now allowing CT imaging in conscious 
patients, and the information obtained is often useful 
despite motion artefacts occurring during respiration. Even 
if CT is not diagnostic for a thrombus it can provide an 
alternative diagnosis.(a) Left lateral 

and  
(b) ventrodorsal 
radiographs of a 
4-year-old Bichon Frise 
that presented in severe 
respiratory distress after a 
�”�‘�ƒ�†���–�”�ƒ�¥�…���ƒ�…�…�‹�†�‡�•�–�ä��
���‹�‰�•�‹�¤�…�ƒ�•�–���”�‹�‰�Š�–�æ�•�‹�†�‡�†��
pulmonary contusions are 
present (alveolar pattern) 
in addition to a 
pneumothorax, 
pneumomediastinum and 
subcutaneous 
emphysema.

7.25

(a)

(b)
Lateral thoracic radiograph of a mixed-breed dog with severe 
autoagglutinating haemolytic anaemia that developed acute 

respiratory distress. A presumptive diagnosis of pulmonary 
thromboembolism was made based on the severity of the hypoxia and 
lack of radiographic abnormalities.

7.26

The prognosis for thromboembolic disease is fair to 
guarded depending on the extent of lung involvement and 
the nature of any underlying disease condition. Oxygen 
supplementation should be provided but may not lead to 
dramatic improvement because of pulmonary shunting. 
Therapy consists of supportive care, treatment of the 
underlying disease and prevention of further thrombosis 
using anticoagulants. Heparin can be administered subcu -
taneously or as an intravenous constant rate infusion (see 
Figure 7.21) or clopidigrel can be given orally. If the predis -
posing disease is established and considered ongoing, 
warfarin therapy can also be instituted for long -term main-
tenance. In such cases, treatment with heparin is tapered 
and discontinued. Thrombolytic agents such as tissue 
plasminogen activator have been used with mixed success 
in a limited number of patients (see Chapter 13).

Neoplasia: Primary pulmonary neoplasia or metastatic 
disease can also cause severe respiratory distress. Patient 
history varies from acute signs to a gradual onset of exer -
cise intolerance and laboured breathing with or without 
coughing. Thoracic radiographs and identification of a dis -
tant primary neoplasm are often diagnostic. A definitive 
diagnosis may be obtained following cytological examin-
ation of pleural fluid or FNA of the mass. If cytological  
evaluation and other diagnostic tests provide equivocal 
results, exploratory thoracotomy may be required. Sup-
portive care should be provided as needed, but treatment 
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pathology prevents lung expansion, hypoxia is caused  
by atelectasis and ventilation/perfusion mismatch. Radio-
graphic changes are compatible with the presence of air, 
fluid or soft tissue density in the pleural space. Increased 
soft tissue density may occur secondary to neoplasia or 
diaphragmatic herniation into the pleural space.

General approach to management of patients with 
pleural space disease
The approach to management of patients with pleural 
space disease is summarized in Figure 7.28. If pneumo-
thorax or pleural effusion is suspected and the animal is in 
severe respiratory distress, routine oxygen supplementa-
tion should be provided and thoracocentesis performed 
immediately, before imaging has confirmed the diagnosis. 
Thoracocentesis is both a therapeutic and a diagnostic 
procedure and can be life -saving in severely compro-
mised patients (Figures 7.29 and 7.30). If a clinician feels 
uncomfortable performing thoracocentesis on the basis of  
physical examination alone, cage-side ultrasonography is 
recommended as the safest modality to confirm the pres -
ence of pleural fluid or air with minimal stress to the 
patient. Thoracic radiographs obtained after thoraco-
centesis are more valuable than those obtained prior to 
removal of the fluid or air. Once the fluid has been 
removed, radiographs may reveal the cause of the effu -
sion, and allow evaluation of the cardiac silhouette and 
demonstration of masses.

Pleural effusions are classified according to the type 
of fluid obtained (Figure 7.31). Gross examination can 
identify whether the fluid is haemorrhagic, purulent, chy -
lous or a transudate. All fluid should be analysed further, 
including determination of protein content, cytology and 

options may be limited. Unless the neoplasm is either 
responsive to chemotherapy or can be removed in its 
entirety (or at least debulked) at the time of surgery, eutha -
nasia is often indicated.

Pulmonary inflammatory disease: This is an uncommon 
cause of respiratory distress in small animals. Reported 
pulmonary inflammatory diseases include pulmonary infil -
trate with eosinophils and lymphomatoid granulomatosis. 
Pulmonary tissue is infiltrated by a non -neoplastic prolifer-
ation of eosinophils or lymphocytes, respectively. Clinical 
findings vary from sudden to gradual onset of respiratory 
distress or coughing. Radiographic findings include mass 
lesions or infiltration. The diagnosis may be confirmed by  
a cytological finding of inflammatory cells on samples 
obtained by tracheal wash or FNA. Other underlying 
causes such as pulmonary parasites must also be ruled 
out. Apart from routine respiratory supportive care, ther -
apy includes immunosuppressive doses of corticosteroids. 
More aggressive cytotoxic drugs may be required in 
refractory cases. Many animals respond well to therapy.

Acute lung injury and acute respiratory distress syn-
drome:  ALI and ARDS are terms that refer to a syndrome 
of generalized inflammatory lung injury. Inflammation can 
be triggered by systemic inflammatory disorders (such as 
septic shock or pancreatitis) or by a severe pulmonary 
insult (such as aspiration pneumonia, pulmonary contu -
sions or smoke inhalation). In ALI, mild to moderate pulmo -
nary inflammation manifests as vasculitis, interstitial and 
alveolar permeability oedema, and infiltration of inflamma-
tory cells such as neutrophils and macrophages. ARDS is 
a more severe form, manifested by inflammation as in ALI, 
accompanied by proliferation of type II pneumocytes, hya -
line membranes and eventually interstitial fibrosis. Animals 
with ALI-like syndrome have mild to moderate degrees of 
respiratory distress and hypoxia, and often respond to 
fluid restriction, low doses of diuretics and treatment of the 
underlying disease. Despite the fact that this is an inflam -
matory disease, corticosteroids have been shown to have 
no effect on mortality rates in humans with these syn -
dromes, and may be contraindicated because of their 
immunosuppressive effects. Animals with ARDS have 
severe pulmonary dysfunction and very poor lung compli -
ance. They usually require PPV and the prognosis is grave.

Pleural space disease and disruption of the 
thoracic cage
Clinical signs
The clinical signs of pleural space disease are summarized 
in Figure 7.27. Pulmonary dysfunction can be caused by 
the accumulation of fluid, air or soft tissue within the pleu -
ral cavity. Pleural space disease is suggested by physical 
examination findings that include increased respiratory 
rate or effort, dyspnoea and auscultation of diminished or 
dull lung and heart sounds. Depending on the cause, other 
signs such as fever may also be present. As the pleural 

Clinical and historical signs associated with pleural space 
disease in dogs and cats.7.27

• ���•�…�”�‡�ƒ�•�‡�†���”�‡�•�’�‹�”�ƒ�–�‘�”�›���”�ƒ�–�‡���ƒ�•�†���‡�¡�‘�”�–�á���•�Š�‘�”�–���•�Š�ƒ�Ž�Ž�‘�™���”�‡�•�’�‹�”�ƒ�–�‘�”�›��
pattern

• Dyspnoea
• Cough
• Dull or diminished lung and heart sounds on auscultation
• Fever
• Weight loss and lethargy

General approach to emergency management of dogs and 
cats with pleural space disease.7.28

• Oxygen supplementation
• Rest and minimal stress
• Vascular access
• Thoracocentesis
• Thoracic ultrasonography
• Thoracic radiography (if possible) after thoracocentesis
• Fluid analysis:

• Cell counts
• Cytology
• Aerobic and anaerobic culture
• Biochemical analysis if indicated (triglycerides)

Thoracocentesis is performed in this small dog using a 
�„�—�–�–�‡�”�ª�›���…�ƒ�–�Š�‡�–�‡�”���ƒ�•�†���ƒ���–�Š�”�‡�‡�æ�™�ƒ�›���•�–�‘�’�…�‘�…�•�ä7.29
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Thoracocentesis7.30

���•�†�‹�…�ƒ�–�‹�‘�•�•

• Patients with respiratory distress and dull lung sounds on 
auscultation

• ���ƒ�–�‹�‡�•�–�•���–�Š�ƒ�–���’�”�‡�•�‡�•�–���™�‹�–�Š���†�›�•�’�•�‘�‡�ƒ���ƒ�ˆ�–�‡�”���–�”�ƒ�—�•�ƒ�����”�‘�ƒ�†���–�”�ƒ�¥�…��
accident, bite wounds, falling from height)

• Patients that are undergoing positive pressure ventilation with 
sudden deterioration

���‘�•�–�”�ƒ�‹�•�†�‹�…�ƒ�–�‹�‘�•�•

• Severe coagulopathy

���”�‘�…�‡�†�—�”�‡

Position the patient, preferably in sternal recumbency or standing. 
Lateral recumbency is also acceptable for pneumothorax. An 
assistant should be available to restrain the patient or give sedation as 
needed. In many cats a minimal restraint technique is preferred and is 
generally better tolerated.

1. Clip and aseptically prepare appropriate rib space:
• ���ˆ���‡�š�’�‡�…�–�‹�•�‰���ª�—�‹�†�á���–�Š�‡���[�–�Š���‘�”���\�–�Š���‹�•�–�‡�”�…�‘�•�–�ƒ�Ž���•�’�ƒ�…�‡�á���ƒ�–��

�ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���–�Š�‡���Ž�‡�˜�‡�Ž���‘�ˆ���–�Š�‡���…�‘�•�–�‘�…�Š�‘�•�†�”�ƒ�Ž���Œ�—�•�…�–�‹�‘�•
• If expecting air, the 8th or 9th intercostal space, approximately 

one-third of the way down the chest.
2. Use sterile gloves for the insertion of the appropriate size needle or 

�„�—�–�–�‡�”�ª�›���…�ƒ�–�Š�‡�–�‡�”�ã
• Large dogs – 40 mm needle or even longer catheter
• Medium sized dogs and large cats – 25 mm needle or catheter
• ���ƒ�–�•���ƒ�•�†���•�•�ƒ�Ž�Ž���†�‘�‰�•�������U�\���V�V���•�•���„�—�–�–�‡�”�ª�›���•�‡�‡�†�Ž�‡�ä

3. ���•�•�‡�”�–���–�Š�‡���•�‡�‡�†�Ž�‡���•�Ž�‘�™�Ž�›���Œ�—�•�–���…�”�ƒ�•�‹�ƒ�Ž���–�‘���–�Š�‡���”�‹�„���–�‘���ƒ�˜�‘�‹�†���–�Š�‡��
intercostal blood vessels.

4. ���„�•�‡�”�˜�‡���–�Š�‡���Š�—�„���‘�ˆ���–�Š�‡���•�‡�‡�†�Ž�‡���ˆ�‘�”���ƒ�•�›���•�‹�‰�•�•���‘�ˆ���ª�—�‹�†�ã
• If a small amount of frank blood is aspirated or if the lungs can be 

felt rubbing against the needle, the needle should be withdrawn 
�ƒ�•�†���•�‘�˜�‡�†���–�‘���ƒ���†�‹�¡�‡�”�‡�•�–���Ž�‘�…�ƒ�–�‹�‘�•

• If a large amount of blood is obtained, place 1–2 ml in an empty 
blood collection tube to see if it clots. Blood from haemothorax 
should not clot, while blood from the heart or a blood vessel 
�•�Š�‘�—�Ž�†���…�Ž�‘�–���•�‘�”�•�ƒ�Ž�Ž�›�á���‹�ˆ���–�Š�‡���’�ƒ�–�‹�‡�•�–���†�‘�‡�•���•�‘�–���Š�ƒ�˜�‡���ƒ���•�‹�‰�•�‹�¤�…�ƒ�•�–��
coagulopathy

• �	�‘�”���ƒ�•�›���‘�–�Š�‡�”���ª�—�‹�†�á���ƒ�•�’�‹�”�ƒ�–�‹�‘�•���•�Š�‘�—�Ž�†���…�‘�•�–�‹�•�—�‡���—�•�–�‹�Ž���•�‘���•�‘�”�‡���…�ƒ�•��
be removed.

5. Directing the needle ventrally, rolling the patient slightly to the side 
on which thoracocentesis is being performed, and re-aspirating 
�ˆ�”�‘�•���ƒ���•�‘�”�‡���˜�‡�•�–�”�ƒ�Ž���Ž�‘�…�ƒ�–�‹�‘�•���…�ƒ�•���ˆ�ƒ�…�‹�Ž�‹�–�ƒ�–�‡���”�‡�•�‘�˜�ƒ�Ž���‘�ˆ���ƒ�•���•�—�…�Š���ª�—�‹�†��
as possible.

6. �	�Ž�—�‹�†���‹�•���”�‡�–�ƒ�‹�•�‡�†���ˆ�‘�”���ª�—�‹�†���ƒ�•�ƒ�Ž�›�•�‹�•�á���…�›�–�‘�Ž�‘�‰�›���ƒ�•�†���’�‘�•�•�‹�„�Ž�›���…�—�Ž�–�—�”�‡�ä
7. Aspiration of air will turn the tubing a slightly foggy, white colour as 

the warm air from the thoracic cavity encounters the room-
temperature tubing.

8. Aspirate until negative pressure is reached. If negative pressure is 
never obtained, a tension pneumothorax may be present, and 
chest tubes with continuous suction are needed (see Figure 7.32).

Syndromes of pleural space disease
Pyothorax: This is the accumulation of a purulent exudate 
in one or both sides of the pleural space and is more  
common in cats than in dogs. The aetiology includes  
idiopathic causes, penetrating chest wounds, haemato-
genous spread, extension from adjacent structures or  
fascial planes, aspirated foreign bodies, ruptured pulmo -
nary abscesses and ruptured oesophagus. Presenting 
complaints include lethargy, anorexia, respiratory distress,  
fever and/or weight loss. The diagnosis is confirmed by 
high nucleated cell counts in the pleural fluid with a large 
number of degenerate neutrophils. Bacteria may be visible 
but are not always evident. Both aerobic and anaerobic  
cultures should be submitted because of the high inci -
dence of anaerobic bacteria in pleural infections. Poly-
microbial infections are common.

Treatment in cats should consist of thoracic drainage 
and administration of broad -spectrum intravenous anti-
biotics until the rate of effusion diminishes, followed by 
oral antibiotics once culture results become available. 
Since this is a deep tissue infection, prone to recurrence 
in individual animals, antibiotic therapy is typically con-
tinued for 2–3 months. Thoracic drainage can be accom -
plished by repeated needle thoracocentesis; however, it 
is a painful procedure that may not be well tolerated, and 
may not effectively drain the exudate if it is viscous or 
loculated. Placement of one or more chest drains allows 
continuous drainage of the fluid as it forms (Figures 7.32 
and 7.33). Frequency of drainage depends on the rate of 
fluid production, but gentle aspiration of the chest tube is 
usually performed several times daily. Alternatively, the 
drain may be attached to a pleural suction device, which 
provides gentle continuous negative pressure to the drain 
and is ideal if large volumes of fluid are produced. Lavage 
of the thoracic cavity with 5–20 ml/kg of warmed sterile 
saline once or twice daily has been recommended but 
should be reserved for patients that have very viscous 
effusions; aseptic technique must be strictly followed to 
prevent a secondary infection. Thoracic drainage should 
continue until the fluid character has changed to a sero -
sanguineous effusion containing non -degenerate neutro-
phils, and the volume has diminished to 5 ml/kg/day  
or less. On average, thoracic drainage is required for 
about 1 week but the range is from 2 days to 3 weeks. If 
patients fail to respond, careful evaluation for under  - 
lying causes of pyothorax, such as lung abscesses, 
should be considered and exploratory thoracotomy may 
be required.

In dogs, surgical treatment with thoracotomy has been 
shown to be beneficial in pyothorax, improving outcome 
and reducing recurrence rate when compared with medi -
cal therapy alone. The use of thoracoscopy for treatment 
of pyothorax in both dogs and cats has been discussed 
(Pelaez and Jolliffe, 2012). This treatment modality allows 
thorough lavage of the pleural space while guaranteeing 
removal of the fluid. It also provides an opportunity to 
examine the lungs and mediastinum for obvious absces-
sation, masses or foreign material. Thoracoscopy is fre -
quently used in human patients with pyothorax, and has 
the potential to become the treatment of choice in veter-
inary patients as well.

Non-bacterial exudates: Feline infectious peritonitis virus 
can cause pleural effusion in affected cats, recognized by 
a sticky yellow effusion that has a high protein and low  
cellularity. The prognosis is very poor.

���‘�•�•�‘�•���†�‹�¡�‡�”�‡�•�–�‹�ƒ�Ž���†�‹�ƒ�‰�•�‘�•�‡�•���ˆ�‘�”���’�Ž�‡�—�”�ƒ�Ž���•�’�ƒ�…�‡���†�‹�•�‡�ƒ�•�‡���‹�•��
dogs and cats. FIP = feline infectious peritonitis.7.31

• ���Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•�ã
• Pyothorax
• Non-bacterial exudates (FIP or neoplasia)
• Chylothorax
• ���”�ƒ�•�•�—�†�ƒ�–�‡�•�����’�—�”�‡���‘�”���•�‘�†�‹�¤�‡�†��
• Haemothorax
• ���ƒ�•�‰�—�‹�•�‡�‘�—�•���‡�¡�—�•�‹�‘�•�•�����Ž�—�•�‰���Ž�‘�„�‡���–�‘�”�•�‹�‘�•��

• Pneumothorax
• Diaphragmatic hernia
• Pleural neoplasia or masses

cell counts. In addition, specific chemical analysis such 
as triglyceride concentration or microbiological culture 
may be indicated. The character of the pleural effusion 
determines the course of further diagnostic evaluation 
and the likelihood of recurrence. Specific management 
depends on the results of fluid analysis and presence of 
underlying disease.
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���•�†�‹�…�ƒ�–�‹�‘�•�•

• Pyothorax
• ���ƒ�’�‹�†�Ž�›���ˆ�‘�”�•�‹�•�‰���’�Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•
• Recurring pneumothorax requiring repeated thoracocentesis
• Tension pneumothorax
• Postoperative management of thoracotomy patients

���‘�•�–�”�ƒ�‹�•�†�‹�…�ƒ�–�‹�‘�•�•

• Severe coagulopathy

���”�‘�…�‡�†�—�”�‡

1. General anaesthesia (preferable); can be done with sedation only in an emergency.
2. Place the patient in lateral recumbency.
3. ���Ž�‹�’���–�Š�‡���Ž�ƒ�–�‡�”�ƒ�Ž���–�Š�‘�”�ƒ�š���ˆ�”�‘�•���Œ�—�•�–���…�ƒ�—�†�ƒ�Ž���–�‘���–�Š�‡���ˆ�”�‘�•�–���Ž�‡�‰�•���–�‘���–�Š�‡���Ž�ƒ�•�–���”�‹�„���ƒ�•�†���ˆ�”�‘�•���–�Š�‡���†�‘�”�•�ƒ�Ž���•�’�‹�•�‡���–�‘���–�Š�‡���˜�‡�•�–�”�ƒ�Ž���•�‹�†�Ž�‹�•�‡�ä
4. Aseptically prepare and drape the area.
5. ���‘�‘�•�‡�•���•�–�›�Ž�‡�–���ˆ�”�‘�•���–�Š�‡���…�Š�‡�•�–���–�—�„�‡�ä�����š�–�”�ƒ���Š�‘�Ž�‡�•���…�ƒ�•���„�‡���…�ƒ�”�‡�ˆ�—�Ž�Ž�›���•�ƒ�†�‡���‹�•���–�Š�‡���…�Š�‡�•�–���–�—�„�‡���–�‘���ƒ�‹�†���†�”�ƒ�‹�•�ƒ�‰�‡���‹�ˆ���ª�—�‹�†���‹�•���’�”�‡�•�‡�•�–���‹�•���–�Š�‡���’�Ž�‡�—�”�ƒ�Ž���•�’�ƒ�…�‡�ä�����Š�‡��

holes are made with a scalpel blade and should not exceed 50% of the diameter of the tube to prevent tube breakage within the thoracic cavity.
6. A small stab incision should be made in the skin over the highest point of the thorax at intercostal space 9–10.
7. The skin is then pulled forward (by the assistant) to create a tunnel and allow the chest tube to be placed in intercostal space 7–8 (Figure 7.33a).
8. ���‹�†�‘�…�ƒ�‹�•�‡�����•�ƒ�š�‹�•�—�•���–�‘�–�ƒ�Ž���†�‘�•�‡���‘�ˆ���[���•�‰���•�‰�����‹�•���‹�•�Œ�‡�…�–�‡�†���‹�•�–�‘���–�Š�‡���‹�•�–�‡�”�…�‘�•�–�ƒ�Ž���•�—�•�…�Ž�‡�•���ƒ�–���–�Š�‡���’�‘�‹�•�–���‘�ˆ���–�—�„�‡���‹�•�•�‡�”�–�‹�‘�•���‘�”���ƒ�•���‹�•�–�‡�”�…�‘�•�–�ƒ�Ž���„�Ž�‘�…�•���…�ƒ�•���„�‡��

�’�‡�”�ˆ�‘�”�•�‡�†�á���‹�•�Œ�‡�…�–�‹�•�‰���Ž�‹�†�‘�…�ƒ�‹�•�‡���Œ�—�•�–���˜�‡�•�–�”�ƒ�Ž���ƒ�•�†���…�ƒ�—�†�ƒ�Ž���–�‘���–�”�ƒ�•�•�˜�‡�”�•�‡���’�”�‘�…�‡�•�•�‡�•���‘�ˆ���–�Š�‡���–�Š�‘�”�ƒ�…�‹�…���˜�‡�”�–�‡�„�”�ƒ�‡���Š�‡�ƒ�†���‘�ˆ���”�‹�„�•���‘�•�‡���•�’�ƒ�…�‡���…�”�ƒ�•�‹�ƒ�Ž���ƒ�•�†���…�ƒ�—�†�ƒ�Ž�á��
�ƒ�•�†���ƒ�–���–�Š�‡���•�‹�–�‡���‘�ˆ���‹�•�•�‡�”�–�‹�‘�•�ä�����‡�ˆ�‘�”�‡���‹�•�Œ�‡�…�–�‹�•�‰�á���ƒ�•�’�‹�”�ƒ�–�‡���–�‘���†�‡�–�‡�”�•�‹�•�‡���–�Š�ƒ�–���–�Š�‡���•�‡�‡�†�Ž�‡���‹�•���•�‘�–���‹�•���–�Š�‡���‹�•�–�‡�”�…�‘�•�–�ƒ�Ž���ƒ�”�–�‡�”�›���‘�”���˜�‡�‹�•�ä

9. Haemostats are used to dissect bluntly into the pleural space, then spread wide enough to allow the tube to be passed through the hole created. 
The tube and stylet are inserted into the pleural space and advanced very slightly as a unit in a cranioventral direction. At this time, the tube/stylet 
�•�Š�‘�—�Ž�†���„�‡���„�‡�‹�•�‰���Š�‡�Ž�†���’�ƒ�”�ƒ�Ž�Ž�‡�Ž���–�‘���–�Š�‡���–�Š�‘�”�ƒ�…�‹�…���™�ƒ�Ž�Ž�ä�����Š�‡���–�—�„�‡���•�Š�‘�—�Ž�†���–�Š�‡�•���„�‡���ˆ�‡�†���‘�¡���–�Š�‡���•�–�›�Ž�‡�–���‹�•���ƒ���…�”�ƒ�•�‹�‘�˜�‡�•�–�”�ƒ�Ž���†�‹�”�‡�…�–�‹�‘�•�ä�����—�„�‡�•���™�‹�–�Š�‘�—�–���–�”�‘�…�Š�ƒ�”�•���…�ƒ�•��
also be placed using this technique.

10. ���–�‘�’���•�ƒ�•�—�ƒ�Ž���˜�‡�•�–�‹�Ž�ƒ�–�‹�‘�•���™�Š�‹�Ž�‡���‹�•�•�‡�”�–�‹�•�‰���–�Š�‡���–�—�„�‡�á���–�‘���ƒ�Ž�Ž�‘�™���–�Š�‡���Ž�—�•�‰�•���–�‘���†�‡�ª�ƒ�–�‡���ƒ�•�†���†�‡�…�”�‡�ƒ�•�‡���–�Š�‡���”�‹�•�•���‘�ˆ���–�”�ƒ�—�•�ƒ���–�‘���–�Š�‡���Ž�—�•�‰�•�ä
11. Assess placement of the tube by using the stylet to measure the distance the tube has been advanced within the thorax.
12. ���‘�•�•�‡�…�–���–�Š�‡���–�—�„�‡���–�‘���ƒ���–�Š�”�‡�‡�æ�™�ƒ�›���•�–�‘�’�…�‘�…�•���ƒ�•�†���‹�•�Œ�‡�…�–�‹�‘�•���…�ƒ�’�•���‘�”���ƒ���’�Ž�‡�—�”�ƒ�Ž���†�”�ƒ�‹�•�ƒ�‰�‡���•�›�•�–�‡�•�ä
13. ���•���•�‘�‘�•���ƒ�•���–�Š�‡���†�”�ƒ�‹�•���‹�•���‹�•���’�Ž�ƒ�…�‡�á���ƒ�•�’�‹�”�ƒ�–�‡���ƒ�•���•�—�…�Š���‘�ˆ���–�Š�‡���ƒ�‹�”���ª�—�‹�†���ƒ�•���’�‘�•�•�‹�„�Ž�‡�ä�����‡�…�‘�”�†���–�Š�‡���ƒ�•�‘�—�•�–���ƒ�•�†���•�‡�‡�’���•�ƒ�•�’�Ž�‡�•���ˆ�‘�”���ˆ�—�”�–�Š�‡�”���ƒ�•�ƒ�Ž�›�•�‹�•���‹�ˆ���”�‡�“�—�‹�”�‡�†�ä
14. ���‡�…�—�”�‡���–�‘���–�Š�‡���•�•�‹�•���™�‹�–�Š���ƒ���’�—�”�•�‡�æ�•�–�”�‹�•�‰���•�—�–�—�”�‡���ƒ�”�‘�—�•�†���–�Š�‡���–�—�„�‡���ƒ�–���–�Š�‡���‡�•�–�”�›���•�‹�–�‡���ƒ�•�†���ƒ���î���Š�‹�•�‡�•�‡���¤�•�‰�‡�”���–�”�ƒ�’�ï���•�—�–�—�”�‡���’�ƒ�–�–�‡�”�•���–�‘���”�‡�†�—�…�‡���•�Ž�‹�†�‹�•�‰���‘�ˆ���–�Š�‡���–�—�„�‡�ä
15. Place a sterile dressing and light bandage.
16. ���—�„�‡���…�‘�•�•�‡�…�–�‹�‘�•���•�‹�–�‡�•���…�ƒ�•���„�‡���•�‡�…�—�”�‡�†���™�‹�–�Š���‘�”�–�Š�‘�’�ƒ�‡�†�‹�…���™�‹�”�‡���‹�•���¤�‰�—�”�‡�æ�‘�ˆ�æ�‡�‹�‰�Š�–���’�ƒ�–�–�‡�”�•�•�ä

���Ž�–�‡�”�•�ƒ�–�‹�˜�‡���•�‡�–�Š�‘�†�������–�”�‘�…�Š�ƒ�”���–�‡�…�Š�•�‹�“�—�‡

1. Sedation or anaesthesia should be provided, if possible.
2. Steps 2–6 as above.
3. The tube is tunnelled subcutaneously two to three rib spaces (Figure 7.33b), then positioned perpendicular to the chest wall and grasped tightly 

2.5–5.0 cm from its distal tip to prevent the tube from penetrating too deeply into the chest cavity.
4. The top of the tube is hit bluntly with the palm of the other hand, popping the tube through into the pleural space.
5. ���Š�‡���–�—�„�‡���‹�•���–�Š�‡�•���•�Ž�‹�†���‘�¡���–�Š�‡���•�–�›�Ž�‡�–�á���†�‹�”�‡�…�–�‡�†���…�”�ƒ�•�‹�ƒ�Ž�Ž�›���ƒ�•�†���˜�‡�•�–�”�ƒ�Ž�Ž�›�á���–�Š�‡�•���…�‘�•�•�‡�…�–�‡�†���ƒ�•�†���•�‡�…�—�”�‡�†���ƒ�•���ƒ�„�‘�˜�‡�ä

This is a very rapid placement technique, but is not recommended unless in an emergency situation with no other options, due to increased risk of 
iatrogenic trauma. It is never recommended in cats due to their small size and very compliant chest walls.

���Ž�–�‡�”�•�ƒ�–�‹�˜�‡���•�‡�–�Š�‘�†���������‡�Ž�†�‹�•�‰�‡�”���–�‡�…�Š�•�‹�“�—�‡

1. An over-the-wire technique similar to that used to place central venous catheters may be used. Kits are available.
2. General anaesthesia is not usually required; the patient is usually lightly sedated.
3. A catheter is placed through the skin at rib space 9–10, tunnelled forward and then used to penetrate the thoracic wall at rib space 8 or 9.
4. A wire is placed through the catheter and the catheter removed.
5. The chest tube is threaded over the wire and the wire then removed.
6. The chest tube is then connected and secured as above.

�	�‘�Ž�Ž�‘�™�‹�•�‰���’�Ž�ƒ�…�‡�•�‡�•�–�����ƒ�•�›���•�‡�–�Š�‘�†��

• Thoracic radiographs (lateral and ventrodorsal or dorsoventral) to check tube(s) placement should be performed
• The tube(s) should be securely bandaged to prevent patient interference. An Elizabethan collar may also be used
• ���ƒ�‹�•���•�ƒ�•�ƒ�‰�‡�•�‡�•�–���™�‹�–�Š���‹�•�Œ�‡�…�–�ƒ�„�Ž�‡���‘�’�‹�‘�‹�†�•���‘�”���‹�•�–�”�ƒ�’�Ž�‡�—�”�ƒ�Ž���„�—�’�‹�˜�‹�…�ƒ�‹�•�‡���•�Š�‘�—�Ž�†���„�‡���—�•�‡�†�ä�����‘�•�æ�•�–�‡�”�‘�‹�†�ƒ�Ž���ƒ�•�–�‹�æ�‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›���†�”�—�‰�•���������������•�����•�ƒ�›���„�‡��

administered if the patient has a stable cardiovascular system
• Bupivicaine can be given at a dose of 1.5 mg/kg through the tube every 6–8 hours
• 24-hour monitoring is required due to the risk of disconnection and the development of pneumothorax

Chest tube placement.7.32

Chest tube 
placement.  

(a) Prior to placement of the 
chest tube, the thoracic skin 
is pulled cranially by an 
assistant; release of the skin 
will create a subcutaneous 
tunnel for the tube. (b) The 
trochar thoracostomy tube 
has been inserted through a 
skin incision (10th intercostal 
space) and is being directed 
subcutaneously in a cranial 
direction. 
(a, courtesy of Dr D Holt; b, courtesy 
of Dr R White)

7.33

(b)(a)
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Chylothorax: This is the accumulation of a milky effusion 
within the pleural space, which has a triglyceride concen -
tration higher than that of a concurrently obtained plasma 
sample. A true chylous effusion contains chylomicrons, 
but a pseudochylous effusion, although the same on gross 
inspection, contains only cholesterol. Chylothorax can 
occur whenever there is obstruction or leakage of chyle 
due to disruption of the thoracic duct (Figure 7.34). 
Common causes include idiopathic disease, trauma, neo -
plasia and feline cardiomyopathy.

Treatment of chylous effusion aims to remove the 
underlying cause and decrease the rate of formation. With 
the exception of chylous effusions caused by heart failure 
or lymphoma, where specific medical therapy is indicated, 
empirical medical management with Rutin (a flavonoid 
compound) and low -fat diets is often disappointing. 
Surgical management is associated with a poor prognosis 
for complete correction. Thoracic duct ligation accompa -
nied by pericardectomy and omentalization of the thoracic 
cavity is generally regarded to be the best option, but  
is associated with a relatively high rate of recurrence. 
Recently, cisterna chyli ablation in addition to thoracic 
duct ligation has been recommended, and the combina -
tion of both of these procedures with pericardectomy may 
result in a better outcome. An alternative option is place -
ment of a pleuro-peritoneal shunt device. Finally, subcuta -
neously placed pleuroports that allow repeated drainage 
of the pleural space by owners at home using a percutane -
ously placed Huber needle may allow mid - to long -term 
management of patients that have failed both medical and 
surgical management.

silhouette and to look for evidence of neoplasia. Occas-
ionally, in the absence of cardiac disease, a definitive diag -
nosis cannot initially be made. As the disease progresses 
and the effusion returns, the underlying cause can usually 
be identified.

Haemothorax and sanguineous effusions: Haemo-
thorax may be produced following trauma, as a result of  
a coag ulopathy, or may be caused by neoplasia. Large, 
volume haemothorax is an uncommon complication of 
thoracic trauma. Dull ventral lung sounds, as well as 
decreased heart sounds, may be evident. Patients with 
significant haemothorax have usually sustained massive 
trauma to the chest cavity and other problems, including 
fractured ribs and pulmonary contusions, should be sus -
pected. If the volume of pleural haemorrhage is small and 
respiratory distress is believed to be due to other causes 
(e.g. pulmonary contusions), then the pleural blood should 
not be removed. Minimal invasion of the chest prevents 
disruption of any clots that have formed and also allows 
resorption of erythrocytes and gradual ‘autotransfusion’.  
If the animal has significant respiratory compromise 
because of blood in the pleural space, then thoracocen-
tesis should be performed. In the most severe cases, an 
emergency thoracotomy may be required to identify and 
ligate a bleeding vessel.

Anticoagulant rodenticides are considered the most 
common non -traumatic cause of haemothorax. Animals 
with anticoagulant rodenticide poisoning may present in 
acute respiratory distress with no other obvious signs of 
bleeding. Treatment includes providing a source of coagu -
lation factors via fresh whole blood or plasma transfu -
sions, as well as vitamin K1 therapy. Thoracocentesis 
should only be performed if the animal’s respiratory status 
is severely compromised by the pleural effusion, and pref -
erably after the patient has been transfused with active 
clotting factors. Congenital coagulopathies such as  
haemophilia A can also lead to haemothorax but are less 
common. Neoplasms such as haemangiosarcoma can 
result in a rapidly forming haemothorax, which should be 
managed by transfusions and thoracocentesis (with cyto -
logical evaluation of the fluid). Patients that do not respond 
to conservative therapy may require exploratory thora-
cotomy to establish a diagnosis and to resect bleeding 
masses, although long-term prognosis is poor.

A sanguineous effusion can be defined as an accumu -
lation of grossly bloody pleural fluid that does not have a 
high enough packed cell volume to be classified as haem -
orrhage. The most common causes of sanguineous effu -
sions are lung lobe torsion and neoplasia. Lung lobe 
torsion is most commonly diagnosed in deep -chested 
dogs, with a predilection seen in Afghan Hounds and 
Borzois, although it has also been reported in Pugs. 
Affected animals present with an acute or chronic history 
of progressive dyspnoea and weight loss. On physical 
examination, typical findings include dull lung sounds in 
the ventral portion of the lung fields. Pleural fluid accumu -
lates because of obstruction of venous outflow from the 
twisted lung lobe, and the fluid is typically bloody with 
numerous neutrophils and macrophages on cytology. 
Chylous effusions are also seen. Thoracic radiographs 
should be obtained after the fluid has been removed from 
the pleural cavity. The most common finding is complete 
collapse of a single lung lobe, which can appear consoli -
dated or with an unusual ‘honeycomb’ pattern because of 
air trapped within the alveoli (Figure 7.35). The bronchus  
of the affected lobe may appear distorted or extend in the 
wrong direction. Ultrasonography with colour -flow Doppler 

Lateral thoracic radiograph of a 5-year-old Domestic Longhair 
cat presented for progressive respiratory distress. The 
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7.34

Transudates: Pure and modified transudates are recog -
nized as clear to yellow fluid, which has low cellularity and 
low protein content. The most common cause is right -
sided congestive heart failure, management of which is 
discussed in Chapter 6. A complete cardiac evaluation 
should be performed and cardiac disease should be 
treated appropriately to prevent or reduce recurrence of 
pleural effusion. Transudates can also develop or be exac -
erbated by factors such as hypoproteinaemia and low 
oncotic pressure, or vasculitis. For these reasons, modi -
fied transudates in the pleural cavity are common in 
patients with sepsis or pancreatitis and in patients with 
pulmonary thromboembolism. Neoplasia may also cause a 
modified transudate, which may contain exfoliated neo -
plastic cells. This emphasizes the need for cytological 
evaluation of all effusions. Thoracic radiographs should be 
obtained following thoracocentesis to evaluate the cardiac 
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Pneumothorax: This can be defined as spontaneous or 
traumatic, and may be further classified as open, closed  
or tension. Blunt thoracic trauma commonly results in 
pneumothorax. It is caused by leakage of air from the 
parenchyma or airways into the pleural space, resulting in 
atelectasis or collapse of the lung lobes (Figure 7.37). Most 
cases of traumatic pneumothorax involve a small leak from 
the lung parenchyma, while injury to the trachea or main -
stem bronchi is expected to cause pneumomediastinum 
with or without concurrent pneumothorax. Many trauma 
patients have a small air leak that quickly seals and may 
not lead to clinical signs. Where clinical signs of respira -
tory distress are absent and pneumothorax is an incidental 
finding on a screening radiograph, it is not necessary to 
remove the air as it will gradually be absorbed.

At the other end of the spectrum, tension pneumotho -
rax is a serious condition in which a large pulmonary leak 
acts as a ball-valve, allowing air to enter the pleural cavity 
with each inspiration, but preventing air from leaving  
during expiration. This results in progressively increasing 
interpleural pressure, leading to further compression of 
the lungs and a mediastinal shift away from the pneumo -
thorax. Tension pneumothorax is also associated with 
cardiovascular (obstructive) shock, as high interpleural 
pressures collapse the large veins and prevent venous 
return to the heart.

Open pneumothorax, typically as a result of a penetra-
ting injury, is a life-threatening condition that can rapidly 
result in respiratory failure due to loss of negative pressure 
within the thoracic cavity and therefore loss of the ability to 
ventilate. This condition needs to be immediately recog -
nized and treated appropriately. The wounds should be 
covered with a bandage to seal the thoracic cavity and the 
chest evacuated via either a chest tube or thoracocen-
tesis; thoracic surgery is required to repair the chest wall 
defect once the patient has been stabilized. Alternatively, 
the patient can be anesthetized, intubated and ventilated 
with PPV until the thoracic wall is repaired.

Spontaneous pneumothorax can result from bullous 
emphysema, pulmonary blebs, neoplasia, asthma (in  
cats), fungal disease, heartworm, pneumonia, pulmonary 
abscesses, migrating foreign bodies, parasites and any 
other condition that might injure the lung parenchyma. In 
traumatic pneumothorax, the tear occurs in healthy lung 
tissue, whereas in spontaneous pneumothorax the leak 
occurs because of lung disease. Thus, in spontaneous 
pneumothorax cases, although the leak may temporarily 

(a) Left lateral and (b) ventrodorsal radiographs of a 2-year-old 
female neutered Tibetan Terrier that presented with a 2-day 

history of lethargy, anorexia and vomiting several times. There is 
�„�‹�Ž�ƒ�–�‡�”�ƒ�Ž���’�Ž�‡�—�”�ƒ�Ž���‡�¡�—�•�‹�‘�•�����™�‘�”�•�‡���‘�•���–�Š�‡���”�‹�‰�Š�–�����ƒ�•�†���ƒ�•���ƒ�Ž�˜�‡�‘�Ž�ƒ�”���’�ƒ�–�–�‡�”�•���‹�•��
the right middle lung lobe with a subtle vesicular appearance to the 
parenchyma. The main lobar artery appears narrowed on the lateral 
view and there are smaller air bronchograms in the lobe that are not 
oriented in the proper direction. There is also an alveolar pattern in the 
left cranial lung lobe. The dog was diagnosed with a lung lobe torsion 
and taken to surgery for a right middle lung lobectomy.

7.35

(a)

(b)

Lateral thoracic radiograph of a 9-year-old Siamese cat 
�’�”�‡�•�‡�•�–�‡�†���ˆ�‘�”���‹�•�…�”�‡�ƒ�•�‡�†���”�‡�•�’�‹�”�ƒ�–�‘�”�›���”�ƒ�–�‡���ƒ�•�†���‡�¡�‘�”�–�ä��

Decreased chest compressibility and dull ventral lung sounds were noted 
on physical examination. The radiograph reveals a marked pleural 
�‡�¡�—�•�‹�‘�•�á���‡�Ž�‡�˜�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���…�ƒ�”�‹�•�ƒ���ƒ�•�†���•�ƒ�”�”�‘�™�‹�•�‰���‘�ˆ���–�Š�‡���–�”�ƒ�…�Š�‡�ƒ���…�ƒ�—�•�‡�†���„�›��
a large mediastinal mass.

7.36

can help confirm the diagnosis by showing lack of blood 
flow in the affected lung lobe. Once lung lobe torsion is 
suspected, an emergency thoracotomy is indicated to 
re sect the affected lobe before tissue necrosis triggers  
the systemic inflammatory response syndrome (SIRS). If the 
lobe is resected early in the course of the disease process 
the prognosis is good, but occasionally effusions recur in 
the days and weeks following surgery. In these cases, the 
character of the effusion may change from sanguineous to 
chylous. The risk of chylous effusion appears to be par -
ticularly high in Afghan Hounds and Borzois, and in these 
breeds the prognosis for long-term survival is guarded.

Neoplastic effusions may also be sanguineous. Exfo-
liated neoplastic cells may be evident on cytological  
eval uation of the fluid, but the absence of neoplastic cells  
does not rule out neoplasia. The most common neoplasm 
that is easily diagnosed on cytology is lymphoma in  
cats, which is usually associated with a mediastinal  
mass that can reduce chest compressibility (Figure 7.36). 
Other neoplasms that can cause pleural effusion include 
carcinomas, chemodectomas, thymomas, sarcomas and 
mesotheliomas.
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seal following thoracocentesis, pneumothorax often recurs 
and the leak usually does not permanently seal on its own. 
Therefore, surgical exploration is recommended, with 
removal of any leaking or abnormal areas of lung to pre -
vent recurrence of pneumothorax.

Animals with pneumothorax present with varying 
degrees of respiratory distress depending on the volume 
of air that is present in the pleural cavity. Physical exam-
ination findings include a rapid shallow respiratory rate, 
orthopnoea, pale, pink or cyanotic mucous membranes 
and diminished dorsal lung sounds. Concurrent signs of 
hypovolaemic shock (tachycardia, poor pulse quality or 
bounding pulses, and delayed or rapid capillary refill times) 
are common. These may be caused by concurrent haem -
orrhage in trauma patients or by obstruction of venous 
return to the heart due to the increased interpleural pres -
sure exerted by a tension pneumothorax.

As pneumothorax is a common finding following road 
traffic accidents, the first priority for stabilization of any 
trauma patient in respiratory distress with dull lung sounds 
is to perform thoracocentesis even before radiographs  
are obtained. Similarly, if a spontaneous pneumothorax  
is suspected based on physical examination findings and 

history, thoracocentesis should be performed immedi  -
ately. Most traumatic pneumothorax patients require thora -
cocentesis once or twice at presentation and, because the 
leak seals spontaneously, do not require further treatment 
for this problem. Some animals have a significant leak of  
air that continues after the initial thoracocentesis and, 
although they may show a good initial clinical response, 
they can develop respiratory distress again within minutes 
or hours of the procedure, necessitating repeated thoraco -
centeses. If needle thoracocentesis is required on more 
than three occasions, if the volumes obtained each time 
are large, or if the clinician fails to reach a negative pres-
sure endpoint of thoracocentesis (probable tension pneu -
mothorax), placement of a chest tube is indicated. If 
considerable volumes of air are leaking into the pleural  
cavity, management may be facilitated by attaching the 
chest tube to a water -sealed continuous evacuation device. 
These devices apply a negative pressure of 10–15 cmH2O 
to the pleural cavity, simulating normal interpleural pres -
sure, and continuously aspirate air from the chest as it 
leaks from the lungs. In most cases, the leak seals within 
48 hours and no further treatment is necessary. On rare 
occasions, if the leak fails to seal, exploratory thoracotomy 
may be required to resolve the problem. Ongoing leaks that 
have failed to seal spontaneously may represent tears of 
major airways and are often accompanied by pneumo-
mediastinum or subcutaneous emphysema.

Diaphragmatic hernia: Animals that have sustained 
trauma may also develop a diaphragmatic hernia (i.e. rup-
ture of the diaphragm with penetration of abdominal con -
tents into the thoracic cavity). A variety of organs may be 
involved in the hernia, including the liver, spleen, stomach, 
omentum and intestines (Figure 7.38). The physical  
presence of these organs, as well as the accumulation of 
pleural fluid due to inflammation and occlusion of venous 
return from the viscera, cause respiratory distress. Vas-
cular compromise associated with strangulation may 
cause tissue necrosis, further compromising organ and 
pulmonary function. Acute onset of respiratory distress 
may occur if the stomach herniates and becomes bloated 
with gas due to occlusion of the cardia. The size of the 
stomach can increase rapidly due to gas distension. This 
represents an immediate surgical emergency and the gas 
distension of the stomach should be relieved by trochari -
zation while the animal is being prepared for surgery.

Diagnosis of diaphragmatic hernia is suggested by  
clinical findings, including diminished lung sounds or aus -
cultation of bowel sounds in the thorax. Some patients 
may also have signs of dysfunction relating to the dis -
placed organs, such as vomiting or icterus. The diagnosis 
should be confirmed by (plain or contrast) radiography. If 
the stomach or intestines are located within the chest, they 
can be easily outlined by a small amount of oral barium. 
Other techniques, including positional lateral beam radio-
graphy, administration of intraperitoneal contrast media 
(e.g. iohexol) (Note: barium should not be used in the peri-
toneal cavity) or ultrasonography, can also provide valu-
able information.

Diaphragmatic hernias should be repaired surgically  
as soon as possible. Some patients with diaphragmatic  
hernia do not have clinical evidence of respiratory distress 
at the time of trauma and may present years later with the 
first signs of respiratory compromise. Animals with chronic 
diaphragmatic hernias may be extremely difficult to treat 
surgically because of the presence of adhesions and the 
high likelihood of postoperative re -expansion pulmonary 
oedema. Thus, early diagnosis and surgical treatment is 

(a) Right lateral and (b) ventrodorsal radiographs of an 
8-year-old male neutered Golden Retriever presented in acute 

respiratory distress. On auscultation there were very dull lung sounds, 
especially on the left side of the thorax. A spontaneous pneumothorax 
was diagnosed and at surgery a leaking bulla was found in the left cranial 
lung lobe. A partial lung lobectomy was performed. 

7.37

(a)

(b)
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Pulmonary function testing in 
the dyspnoeic patient
Apart from clinical examination, useful methods for pulmo -
nary function testing in the dyspnoeic patient include  
arterial blood gas analysis, pulse oximetry and end -tidal 
capnography.

Arterial blood gas analysis
The most definitive method of assessing lung function is 
measurement of the partial pressure of oxygen (PO2) and 
carbon dioxide (PCO2) in arterial blood. Commonly used 
analysers directly measure pH, PO2 and PCO2. A variety of 
instruments is available to measure blood gases in veter-
inary practice, including relatively inexpensive hand -held 
instruments.

Samples of arterial blood can be obtained by direct 
puncture of any artery. Most commonly, the dorsal pedal 
(metatarsal) artery is used, but other sites include the 
femoral, brachial and auricular arteries. Samples can also 
be obtained from catheters placed in the dorsal pedal, 
femoral or auricular arteries (see Chapter 2). Blood  
gas syringes should be preheparinized, either by using 
heparin sodium solution to flush the syringe, or by use of  
specially made blood gas syringes which contain lyophi-
lized lithium heparin.

To obtain a blood sample by direct puncture, one or 
two assistants are required to restrain the animal. The 
artery is palpated such that the operator can feel the pul -
sations with one hand and use the other to direct the  
needle at about a 60-degree angle towards the palpated 
artery. When the artery is penetrated, a flash of blood will 
be seen in the hub of the needle, and the syringe should 

Ventrodorsal radiograph of a 2-month-old male Pit Bull Terrier 
�’�—�’�’�›���ƒ�ˆ�–�‡�”���ƒ���”�‘�ƒ�†���–�”�ƒ�¥�…���ƒ�…�…�‹�†�‡�•�–�ä���	�”�ƒ�…�–�—�”�‡�•���‘�ˆ���”�‹�„�•���X���]���…�ƒ�•��

be seen on the left-hand side of the chest, in addition to severe 
pulmonary contusions.

7.39

(a) Right lateral 
and  

(b) ventrodorsal 
radiographs of a 10-year-
old male Labrador 
Retriever that had been 
hit by a truck. A 
diaphragmatic hernia with 
herniation of the liver, part 
of the stomach and 
several loops of small 
intestine can be seen.

7.38

(a)

(b)

essential for animals with this problem, even if clinical 
signs are not initially evident. Thoracic radiography is 
therefore recommended in all cases of trauma to rule out 
the presence of an occult diaphragmatic hernia.

Rib fractures and flail chest: Rib fractures are another 
common sequel of blunt thoracic trauma and are com -
monly accompanied by pulmonary contusions. Fracture of 
one or several ribs (Figure 7.39) does not usually require 
any specific treatment other than rest, pain management 
and oxygen supplementation. If several ribs are each frac -
tured in more than one place, a flail chest segment can 
occur. The flail segment is not stabilized by attachment to 
the spine or sternum and can be observed moving para -
doxically relative to the rest of the chest wall during respi -
ration. During inspiration, when the rest of the chest is 
moving outward, the flail segment is pulled inward by  
negative intrapleural pressure.

Small to moderate-sized sections of flail chest should 
be managed medically, with oxygen supplementation and 
analgesia as needed. Respiratory distress in these patients 
is thought to be primarily caused by concurrent pulmonary 
contusions. Large flail chest segments can contribute to 
distress by preventing effective movement of the chest 
wall, resulting in hypoventilation. Placing the animal with 
the affected side down can help stabilize the segment  
and promote better ventilation. Large flail segments may 
require surgical stabilization, and some of these animals 
require postoperative mechanical ventilation if severe pul -
monary contusions are also present.
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be aspirated to obtain the sample. Proprietary preset 
syringes contain a filter through which air is displaced and 
the syringe fills by direct arterial pressure, without the 
need for aspiration. On removal of the needle, direct pres -
sure should be applied to the artery for a few minutes to 
prevent haematoma formation. All air bubbles should be 
removed immediately and the sample capped with an air -
tight seal to prevent exposure to room air. The sample 
should be analysed as soon as possible and kept on ice 
until analysis. Ideally, analysis should occur within 2 hours 
of sample collection.

A considerable degree of error can be introduced into 
blood gas analysis by operator technique and sample main -
tenance. If exposed to room air or if there are air bubbles in 
the sample, PCO2 will decrease and PO2 will increase as the 
sample equilibrates with room air gas tensions. Dilution of 
the sample with heparin also introduces error. Excessive 
heparinization of the syringe leads to a reduction in meas -
ured PCO2, but little change in pH. This error can be mini -
mized by expelling all of the heparin from the syringe after 
flushing, leaving only the heparin that fills the dead space in 
the hub of the needle, or by using lyophilized heparin.

Storage of the sample leads to changes in measured 
gas tensions as a result of ongoing metabolism by the 
cells. Anaerobic glycolysis by red blood cells leads to 
production of carbon dioxide. Oxygen utilization for aero -
bic metabolism by leucocytes and reticulocytes leads to 
a decrease in PO2. The longer the sample is stored, and 
the higher the white cell count, the more pronounced 
these changes become. Maintenance of the sample on 
ice between collection and analysis minimizes this effect 
by reducing metabolism by the cells. Small samples of 
blood quickly cool to 0°C when placed in ice water and 
therefore do not maintain cell metabolism for more than  
a few minutes.

PaO2 and hypoxaemia
PO2 represents the oxygen dissolved in plasma. The arte -
rial partial pressure of oxygen (PaO2) determines the oxy-
gen saturation of haemoglobin in a sigmoid relationship 
according to the oxygen dissociation curve (see Figure 
7.2). Haemoglobin is expected to be fully saturated at 
a PaO2 between 60 and 70 mmHg. Animals with normal 
lung function, breathing room air, should have P aO2  
values >85 mmHg. Increases in inspired oxygen concen -
tration lead to further increases in PaO2. A useful clinical 
rule of thumb is that the P aO2 should roughly equal five 
times the inspired oxygen concentration: an animal on 
100% oxygen (anaesthetized and intubated) should have 
a PaO2 of about 500 mmHg, and an animal on 40% oxy -
gen (nasal oxygen or oxygen cage) should have a PaO2 of 
around 200 mmHg. The great majority of oxygen is  
carried in blood as oxyhaemoglobin, and relatively small 
amounts are carried as dissolved oxygen. Thus, once the 
haemoglobin is fully saturated, little overall increase in 
oxygen delivery to the tissues will occur by dissolving 
more oxygen in the plasma. If the inspired oxygen con -
centration has been changed, equilibration to the new 
PaO2 occurs within 2–3 minutes.

PaO2 values <75 mmHg are usually treated by oxygen 
supplementation and addressing the underlying cause of 
the hypoxaemia. Values <55 mmHg are imminently life-
threatening and require immediate action. Decreases in 
PaO2 result from one of the following:

• Decreased oxygen in inspired air (e.g. decreased 
barometric pressure at high altitudes)

• Hypoventilation (decreased movement of air into the 
lungs) leading to less availability of oxygen in the alveoli 
for gas transfer (see below)

• Venous admixture, resulting from:
• Shunting
• Ventilation/perfusion mismatch
• Diffusion impairment.

Shunting implies that a proportion of deoxygenated 
venous blood completely bypasses functional alveoli. This 
can occur either by venous–arterial shunts that deliver 
venous blood directly to the arterial circulation (e.g. 
reverse patent ductus arteriosus, bronchial anastomoses), 
or by blood flow to completely non -functional areas of 
lung, such as severely atelectatic areas or neoplastic 
masses. In either case, blood with the same oxygen con -
tent as systemic venous blood returns to the systemic cir -
culation and mixes with arterial blood, resulting in an 
overall decrease in PaO2. If shunting is the cause of hypox -
aemia, the hypoxaemia will not be correctable, no matter 
how much the inspired oxygen concentration is increased.

The second cause of venous admixture is ventilation/
perfusion mismatch. In normal animals, ventilation (the 
delivery of air to alveoli) and perfusion of the alveoli with 
blood are fairly closely matched in order to maximize gas 
transfer. Disease processes such as airway or alveolar  
disease can change the pattern of ventilation. Similarly, 
vascular disorders such as thromboembolic disease can 
change the pattern of perfusion. Significant mismatch of 
ventilation and perfusion can result, causing hypoxaemia. 
In such cases, providing an increased inspired oxygen 
concentration may result in increases in PaO2. Ventilation/
perfusion mismatch is the most common cause of hypox -
aemia in veterinary patients with parenchymal disease.

Diffusion of oxygen across the alveolar capillary mem -
brane may be impaired by any process that leads to thick -
ening of that membrane. As there is a great reserve for 
diffusion of oxygen, it is unusual for diffusion to be the  
limiting factor for oxygen transfer, except in very severe 
disease processes. Since carbon dioxide is about 20 times 
more soluble than oxygen, diffusion almost never limits 
carbon dioxide transfer in the lungs.

PaCO2 and hypercarbia
The rate of elimination of carbon dioxide from the body 
directly influences the arterial partial pressure of carbon 
dioxide (PaCO2), whereas the production of carbon dioxide 
by tissue metabolism is most closely related to venous 
partial pressure of carbon dioxide ( PvCO2). Since carbon 
dioxide is very soluble and has an almost linear dissocia -
tion curve, it easily diffuses out of blood into the alveoli, 
and there is a huge reserve for carbon dioxide elimination 
from the lung. Thus, PaCO2 primarily depends on the 
extent of ventilation. Minute ventilation is a measure of  
the total amount of gas moved in and out of the lung per 
minute, and is a function of respiratory rate and tidal  
volume. Hyperventilation, such as might occur with fear, 
pain or pulmonary parenchymal disease, results in low 
PaCO2. Hypoventilation leads to increases in PaCO2, and is 
commonly seen with disorders that affect the mechanical 
ability to move air into the lungs, and occasionally in  
animals with severe pulmonary parenchymal disease.

PaCO2 values >50 mmHg are significant and require 
treatment, and values >70 mmHg are imminently life -
threatening. PaCO2 values <20 mmHg may result in exces-
sive cerebral vasoconstriction and should be treated 
aggressively. PvCO2 can be used to evaluate ventilation, 
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particularly if the sample has been obtained from a central 
vein (ideally the vena cava, but jugular samples are often 
sufficient). The venous CO2 is normally slightly higher than 
the arterial CO2, except in extreme shock states including 
cardiopulmonary arrest. If PvCO2 is elevated, and the  
sample has been taken from a central vein, hypoventilation 
is likely to be occurring. If taken from a peripheral vein, 
then local tissue perfusion and patient struggling can 
affect the PvCO2 and erroneous assumptions can be made 
about the patient’s ventilation status; therefore, hypoventi -
lation must be confirmed using an arterial or central 
venous blood sample. If the P vCO2 is normal or decreased, 
then the patient is adequately ventilating and no further 
diagnostic tests are needed.

Increased PaCO2 in hypoventilation is accompanied by 
decreased PaO2. In a hypoventilating patient, oxygen sup -
plementation will increase the PaO2, but will result in no 
change in PaCO2 values because it does not change the 
total volume of air moved into and out of the lungs per 
minute. Examples of the most common causes of hypo-
ventilation include:

• Neurological disease or anaesthesia affecting central 
medullary respiratory drive

• Spinal cord dysfunction cranial to C4–C5
• Phrenic nerve dysfunction or neuromuscular junction 

disease
• Chest wall injury
• Respiratory muscle dysfunction
• Airway obstruction.

If PaCO2 is high, the animal experiences respiratory dis -
tress. Profound respiratory acidosis may result from the 
hypercarbia, which can become life -threatening by caus-
ing decreased cardiac output, hypotension and neurologi -
cal depression due to carbon dioxide narcosis. Thus, if 
hypoventilation is found in clinical patients, measures must 
be taken to improve ventilatory status by addressing the 
cause of hypoventilation. If correction of the underlying 
cause is impossible or will take time, PPV support should 
be considered.

Indices based on oxygen tension
The measured value for PaO2 depends on the extent of 
ventilation and the inspired oxygen concentration, as well 
as the presence of lung disease. A number of calculations 
can be performed to allow meaningful comparison 
between abnormal PaO2 values at different ventilation rates 
and while the patient is receiving oxygen supplementation.

Calculation of the alveolar–arterial oxygen gradient  
(PA–aO2) gives an estimate of the effectiveness of gas trans-
fer, while removing the variable contribution of the extent 
of ventilation. As lung dysfunction worsens, the oxygen 
gradient between the alveoli and the arteries increases. To 
calculate the gradient, the partial pressure of oxygen in the 
alveoli (PAO2) must first be estimated using the alveolar gas 
equation:

PAO2 = FiO2 (Pb–PH2O) – PaCO2/RQ

Where:

• FiO2 = the fractional inspired oxygen concentration
• Pb = the barometric pressure
• PH2O = the saturated water vapour pressure at body 

temperature
• RQ = the respiratory quotient.

At sea level, in room air and assuming RQ for the dog 
to be about 0.9 on typical diets, the alveolar gas equation 
can be simplified as:

PAO2 = 150 – (PaCO2)1.1

This equation provides a very useful clinical estimate of 
alveolar PO2. Measured arterial PO2 is subtracted from 
PAO2 to give the alveolar–arterial gradient:

PA–aO2 = PAO2 – PaO2

The reference range for PA–aO2 in patients breathing 
room air is <15 mmHg. Increased gradients are seen in 
patients with pulmonary parenchymal disease, but the  
gradient would be expected to be normal in patients with 
hypoxaemia secondary to pure hypoventilation with no 
parenchymal lung disease. Calculation of PA–aO2 allows 
clinical comparison of serial blood gases in patients with 
variable ventilatory status.

A second clinically useful index based on oxygen ten -
sion is the ratio of PaO2:FiO2. Many arterial blood gases 
are obtained in critically ill patients that are receiving oxy-
gen supplementation. In such patients, removal of oxygen 
support in order to obtain arterial samples on room air 
may be unsafe or inhumane. Calculation of PaO2:FiO2 
ratios allows comparison of serial samples that are 
obtained at varying concentrations of inspired oxygen. 
Normal animals usually have a PaO2:FiO2 >400. Values 
<200 imply serious lung disease.

Pulse oximetry
Pulse oximetry is used to determine, indirectly, the arterial 
haemoglobin saturation with oxygen. Oxygen is carried to 
the tissues attached to haemoglobin in the red blood cells. 
Each haemoglobin molecule is capable of binding four 
molecules of oxygen; thus, haemoglobin carries the major -
ity of the oxygen in the blood, with only a relatively small 
proportion carried as dissolved oxygen in the plasma. The 
relationship between the PaO2 and the amount of oxygen 
attached to haemoglobin (expressed as % saturation, 
SaO2) is not linear. When one molecule of oxygen binds to 
haemoglobin, the haemoglobin molecule undergoes a 
conformational change that allows three more oxygen  
molecules to bind much more easily. Thus, the oxygen dis -
solved in the plasma and that carried on the haemoglobin 
are in fact related by means of a sigmoid curve.

In normal arterial blood, the haemoglobin should be 
>95% saturated with oxygen. Observation of the curve 
(see Figure 7.2) demonstrates that the normal animal oper-
ates with quite a large safety margin with regard to haemo -
globin saturation. Haemoglobin becomes close to fully 
saturated (>90%) at a PaO2 of about 70 mmHg; at this point 
the curve plateaus and despite higher PaO2, haemoglobin 
saturation (and therefore oxygen transport) cannot be 
increased much more.

In animals with lung disease, decreases in oxygenation 
may occur. Once the PaO2 becomes as low as 70–75 
mmHg (corresponding to an S aO2 of 90–92%), the animal 
comes perilously close to the ‘shoulder’ of the curve.

The pulse oximeter is a dual wavelength spectro-
photometer that measures haemoglobin saturation by 
transmitting light through a pulsating arterial vascular bed. 
Transmission of light through tissue is not constant, but 
varies with each cardiac pulse. The variation in transmitted 
light is entirely due to arterial blood, with the contribution 
of venous blood and tissue remaining constant. By using 
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the appropriate transmitted light wavelengths for oxy-
haemoglobin and deoxyhaemoglobin, the microprocessor 
can continuously calculate oxygen saturation. Pulse oxi -
�T�L�[�Y�`�� �Y�L�H�K�P�U�N�Z�� �V�M�� �™� ������ �H�Y�L�� �H�J�J�L�W�[�H�I�S�L�� �P�U�� �U�V�U���H�U�H�L�T�P�J��
critically ill patients breathing room air. Oxygen supple -
mentation should be considered in patients with haemo -
globin saturation of <93%. Saturation values of 90% 
correlate with a PaO2 of approximately 60–70 mmHg  
and indicate severe hypoxaemia. Values <90% should  
be addressed immediately by providing supplemental 
oxygen, or treating hypoventilation using reversal of 
anaesthetic agents or PPV.

The pulse oximeter has been validated to be accurate 
in dogs. In awake cats and dogs, the small pulse oximeter 
probe can be placed on a shaved area of the pinna of the 
ear, the lip, a fold of skin at the axilla or the inguinal area, 
or on the prepuce or vulva. In anaesthetized patients, the 
tongue is the most useful site. The pulse oximeter is non -
invasive and very well tolerated by the majority of animals. 
It provides a continuous read -out of haemoglobin oxygen 
saturation and pulse rate, thus it is a useful tool for contin -
uous monitoring of the hypoxaemic patient. When arterial 
blood gas analysis is unavailable, or when arterial blood 
cannot be obtained, the pulse oximeter can provide a use -
ful indication of arterial saturation and a means of assess -
ing disease progression.

In humans, the accuracy of the pulse oximeter reading 
has not been noted to change significantly with skin  
colour, serum quality, or mild to moderate anaemia. 
However, in dogs, it seems that extremely dark skin pig -
mentation, as found in Newfoundlands or black Labrador 
Retrievers, impedes effective pulse oximetry readings. The 
major limiting factor in the use of pulse oximetry is tissue 
perfusion. Any condition that diminishes tissue blood flow, 
such as hypotension or shock, will prevent the pulse oxi -
meter from accurately reading and measuring haemoglo -
bin saturation. Motion of the probe can decrease the 
ability to obtain a signal, therefore good signals can be  
difficult to obtain in conscious patients with increased  
respiratory effort. Ideally, a pulse oximeter that displays a 
waveform or a heart rate, as well as the simple percentage 
reading, should be used, as this allows the clinician to 
make a judgement as to the reliability of the reading. 
Despite these limitations, the pulse oximeter provides a 
clinically useful and simple measure of haemoglobin satu -
ration. Newer technology in pulse oximetry, which is now 
beginning to be clinically available, may help to address 
some of the limitations relating to poor perfusion and 
motion artefact.

End-tidal capnography
End-tidal capnography is another indirect technique for res -
piratory monitoring. The end -tidal capnograph measures 
the amount of carbon dioxide in exhaled air, and thus can 
give an indirect estimate of ventilation status. End -tidal  
carbon dioxide is most frequently measured in anaes-
thetized and intubated patients. A T -piece is inserted into 
the system at the end of the endotracheal tube. Some 
instruments have side-stream ports that aspirate air into the 
machine, where it is analysed, while others with main -
stream ports measure carbon dioxide at the airway. 
Alternative approaches include placement of the sampling 
tube at the nares, or its attachment to the end of a tracheo-
stomy tube. The end-tidal capnograph continuously meas -
ures the carbon dioxide content of inhaled and exhaled air.

As it is so easily diffusible, the carbon dioxide in pul -
monary capillaries equilibrates almost immediately with 

alveolar air. If carbon dioxide in alveolar air could be meas -
ured, it would almost exactly represent that of pulmonary 
capillary blood. In a single breath, air sampled during 
inspiration should represent room air and therefore contain 
virtually no carbon dioxide. As exhalation begins, the air 
passing the instrument initially represents dead space 
which has not been in contact with alveolar air. It therefore 
contains virtually no carbon dioxide. As exhalation contin -
ues, alveolar air begins to mix with air from the dead 
space, with a resultant gradual increase in the amount of 
carbon dioxide measured by the instrument. Eventually, all 
the air passing the sampling port is alveolar air, and the 
partial pressure of carbon dioxide reaches a plateau, 
which is reported by the instrument as the end -tidal  
carbon dioxide (Figure 7.40).

A

B

C
45 mmHg

D

E

InspirationExpiration

PaCO2

Time

Normal capnogram showing the various phases of 
respiration. A = baseline, representing the beginning of 

expiration (dead space gas), this should be zero; B = sharp upstroke, 
representing the mixing of dead space gas and alveolar gas; C = change 
to alveolar gas; C–D = the alveolar plateau, increasing towards the 
endpoint; D = end-tidal carbon dioxide value; E = end of inspiratory 
phase, showing a rapid decrease in carbon dioxide.
(Courtesy of K Walsh and reproduced from How to…collected articles from BSAVA Companion 
2012–2016)

7.40

Errors in end-tidal carbon dioxide monitoring are pri -
marily related to respiratory rate, especially in panting  
animals or extremely tachypnoeic patients. Further errors 
might occur if lung disease results in uneven emptying of 
alveoli, thus preventing the end-tidal carbon dioxide con-
centration from reaching a measurable plateau. Another 
factor to bear in mind when using this type of instrumen-
tation is the volume of air aspirated from the anaesthetic 
circuit during side -stream monitoring. Instruments in veter -
inary use aspirate air at a rate of 50–150 ml/min, and 
anaesthetic gas flow rates should be adjusted accordingly. 
If this type of instrument is being used with inhalant gas in 
an anaesthetic circuit, the sampled air should be returned 
to the circuit or vented to the exterior, rather than allowing 
release of inhalant gas into the room.

End-tidal carbon dioxide should approximate the 
venous partial pressure of carbon dioxide, providing an 
estimate of ventilation status. However, there is usually a 
variable gradient between the end -tidal result and the 
venous partial pressure of carbon dioxide. This instrument 
should therefore be used primarily to follow trends. Normal 
values should be in the 35–45 mmHg range. If the end-
tidal carbon dioxide concentration is >50 mmHg, this 
result is highly specific for clinically significant hypoventila -
tion, which should be treated immediately.
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Intubation and positive 
pressure ventilation
Extremely dyspnoeic animals that cannot adequately ven -
tilate or oxygenate may require anaesthesia and intubation 
to establish control over the airway and to provide short -
term PPV (Figure 7.41). This aggressive approach is 
reserved for the most severe cases of respiratory distress, 
as it is expensive and requires intensive management and 
some clinical expertise. If PPV is required for more than a 
few hours, then it is optimal to use specially designed ven -
tilators that provide accurate control over tidal volume, air -
way pressures, FiO2 and humidity. Ventilated animals must 
be supervised 24 hours a day by qualified clinicians and/or 
nurses, because frequent and rapid changes in respiratory 
or cardiovascular function often necessitate minute -by-
minute adjustments in ventilator settings.

because of slow onset of anaesthesia, are asso ciated with a 
high risk of cardiopulmonary arrest when severe respiratory 
distress is present. If upper airway obstruction is sus -
pected, before inducing anaesthesia the clinician should 
organize all of the materials required to perform an emer-
gency tracheostomy in the event that endotracheal intu-
bation is not possible (see Figures 7.10 and 7.11).

Where there is no evidence of hypovolaemia, propofol 
may be administered by intravenous injection to effect, 
although this drug may be associated with vasodilation 
and production of intrapulmonary arteriovenous shunting. 
Shunting may severely aggravate pre-existing hypoxia and, 
although temporary, is not responsive to increased 
inspired oxygen concentrations or assisted ventilation. 
Alternatively, intravenous alfaxalone or low doses of intra -
venous opioid analgesics, such as fentanyl or morphine, 
combined with a benzodiazepine sedative agent, such as 
diazepam or midazolam, may produce adequate sedation 
and muscle relaxation to allow endotracheal intubation in 
critically ill patients (see Chapter 21). Respiratory arrest 
may temporarily occur with the use of opioids, and there -
fore it is important immediately to intubate and ventilate 
the patient with 100% oxygen.

Anaesthesia must then be maintained to allow contin -
ued intubation using either volatile agent inhalation or 
repeated administration of injectable drugs. Once the  
animal has been intubated, it should be immediately 
placed on 100% oxygen and PPV should be initiated by 
manually bagging the animal until more information is 
available about respiratory function. The haemodynamic 
status of the patient should be carefully monitored, body 
temperature measured and supported if necessary, and 
the administration of anaesthetic drugs kept at the mini -
mum required to maintain unconsciousness and lack of 
response to gentle movement of the endotracheal tube.

Positive pressure ventilation
As it is labour intensive, invasive and associated with 
numerous complications, PPV in dogs and cats is reserved 
for severely affected patients when all other treatment 
possibilities have failed. Hypoxaemia can usually be man -
aged by increasing the concentration of oxygen in inspired 
air using an oxygen cage, nasal oxygen or mask. If these 
measures fail, PPV becomes the only option for continued 
treatment. Similarly, hypoventilation can sometimes be 
treated by effective management of the underlying prob -
lem, but if that fails to result in satisfactory improvement, 
PPV is required. Patients undergoing PPV require 24-hour 
nursing and veterinary care and, ideally, a specialized 
intensive care unit (ICU) ventilator, especially if this type of 
respiratory support needs to be continued beyond 12–24 
hours. Urgent referral to a secondary or tertiary care  
hospital is usually appropriate for optimal management of 
these challenging cases.

Ventilator modes
Every part of each breath delivered to the patient by  
specialized ICU ventilators can be controlled by the oper-
ator to select the best options for each individual patient. 
Specifically, the trigger initiating each breath (and its sensi-
tivity), the pattern of air flow (waveform) during the breath, 
and the method by which the breath is terminated can all 
be modified.

Terminating the breath: In volume -limited ventilation,  
the ventilator is programmed to deliver a given volume of 
oxygen–air mix, irrespective of the airway pressure that is 

Cavalier King Charles Spaniel with severe pulmonary 
�…�‘�•�–�—�•�‹�‘�•�•���ƒ�•�†���ƒ���’�•�‡�—�•�‘�–�Š�‘�”�ƒ�š���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���ƒ���”�‘�ƒ�†���–�”�ƒ�¥�…��
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oxygen cage, so he was anaesthetized, intubated and positive pressure 
ventilation was initiated. 

7.41

Indications for intubation and PPV
Clinical parameters indicating that the animal should be 
intubated include severe respiratory distress that is non -
responsive to therapy, persistent cyanosis that is not 
responsive to oxygen supplementation or a fractious 
patient that is not responding to empirical treatment and 
cannot be restrained for diagnostics or therapy. In any of 
these situations, anaesthesia eliminates distress and facili -
tates handling for diagnostic investigation. On blood gas 
analysis, general indicators for PPV are a PaO2�� �V�M�� �˜������
mmHg while the patient is receiving oxygen supplementa -
tion, or a PaCO2 >50 mmHg that cannot be treated in any 
other way, e.g. by reversing anaesthetic drugs or by reliev -
ing or by-passing an airway obstruction.

Induction of anaesthesia for intubation
Care must be taken when choosing an anaesthetic agent for 
induction. Often there is concurrent cardiovascular system 
instability and myocardial irritability due to hypoxaemia. 
Since the clinician will be establishing control over the air -
way and taking over respiratory function, concerns about 
ventilatory depression by anaesthetic agents are reduced. 
Intravenous anaesthetic agents are ideal because they allow 
rapid induction, intubation and therefore airway manage -
ment. Mask induction or the use of intramuscular agents, 
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reached. The breath terminates when the desired volume 
has been delivered. Problems such as mucus plugs in the 
endotracheal tube or airways are easily detected, as  
narrowing of the functional airway causes an increase in 
the peak airway pressure for a given tidal volume.

In pressure-limited ventilation, the ventilator is pro -
grammed to deliver oxygen–air up to a given airway pres -
sure, irrespective of the volume delivered. In this mode, 
tidal volume must be measured frequently, as the pres -
ence of lung disease may cause the desired airway  
pressure to be reached with a smaller than normal tidal 
volume because of poor lung compliance. Peak pres -
sures vary depending on the requirements of individual 
patients: animals with very stiff (poorly compliant) lungs 
may require higher pressures in order to achieve ade-
quate ventilation. However, pressure -limited ventilation is 
the safest way to ventilate animals with lung disease; by 
terminating delivery of the breath at a selected peak 
inspiratory pressure, the lungs can be protected from the 
barotrauma associated with the delivery of excessively 
high airway pressures.

Initiating the breath: There are two basic ventilator modes 
(Figure 7.42) for initiating breath: assist/control (AC) and 
synchronous intermittent mandatory ventilation (SIMV). The 
choice of mode depends on the degree of ventilator sup -
port that is desired: AC controls ventilation completely with 
very little effort from the patient; SIMV assists ventilation, 
but requires varying amounts of patient effort. In the major -
ity of cases AC is used initially, and then the patient  
is switched to SIMV when it is ready to be weaned from  
the ventilator.

In AC ventilation, the operator selects a minimum  
number of breaths that will be delivered per minute. The 
sensitivity or trigger level of the ventilator can be adjusted 
so that the machine detects inspiratory efforts by the 
patient. The breaths are timed to be delivered when  
the patient creates negative pressure in the airway during 
inspiration; if the patient is not breathing, the machine will 
automatically deliver the set minimum respiration rate. If 
the patient breathes faster than the set rate, the machine is 
triggered to deliver the desired tidal volume or pressure for 
each patient-initiated breath, and the display shows a total 
respiratory rate that is higher than the set rate. Therefore, if 
the patient is breathing spontaneously, the machine will 
deliver a full breath for every patient-initiated breath. This 
results in the ventilator performing almost all of the work of 
breathing in this mode. This mode can become problem -
atic in patients with a rapid and shallow respiratory rate; 
hyperventilation can result, as each breath taken by the 
patient results in delivery of a full tidal volume.

In SIMV, the ventilator is set to deliver a desired  
minimum number of breaths per minute, just as in AC. The 
breaths are delivered when the machine senses a nega-
tive pressure effort by the patient (‘synchronous’). 
Between each breath, if the patient breathes spontane -
ously, the machine does not ‘kick in’ with additional help, 
and these spontaneous breaths reach a tidal volume that 
is determined by the patient. This causes the animal to 
perform a varying proportion of the work of respiration on 
its own. The set minimum number of breaths per minute 
can gradually be decreased, allowing for more spontane -
ous ventilation, and therefore gradually increasing the res -
piratory work by the patient. Thus, this mode of ventilation 
is very useful for weaning from the ventilator, and is also 
useful for patients with rapid, shallow respiratory patterns, 
as it prevents the hyperventilation mentioned above with 
the AC mode.

Positive end-expiratory pressure
Positive end-expiratory pressure (PEEP) can be used to 
improve oxygenation in the intubated hypoxaemic patient. 
It should be used for hypoxaemic animals that are being 
adequately ventilated based on PaCO2 levels, but remain 
hypoxaemic in spite of oxygen supplementation. By apply -
ing small amounts of positive pressure to the airway, com -
plete expiration is prevented, resulting in:

• Increased functional residual capacity
• Increased alveolar size and recruitment
• Prevention of early closure of small airways.

This can sometimes lead to marked improvement of 
oxygenation, particularly in animals with pulmonary oedema 
or haemorrhage. It usually does not significantly affect  
carbon dioxide. However, it is not without its drawbacks; 
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(a) A ventilator breath compared with a spontaneous patient 
breath. The spontaneous breath (dotted line) begins as a 
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pressure during exhalation. In contrast, the ventilator breath (solid line) 
generates exclusively positive airway pressure. (b) In assist/control 
ventilation, the ventilator delivers a set number of breaths, to a set 
pressure or tidal volume. The machine delivers these breaths when the 
patient creates a negative pressure in the airway; if the patient is not 
breathing, the machine will automatically deliver the set respiration rate. 
If the patient breathes faster than the set rate, the machine is also 
triggered, and it will deliver the desired tidal volume for each patient-
initiated breath. (c) In synchronous intermittent mandatory ventilation 
(SIMV), the ventilator is set to deliver a desired number of breaths. The 
breaths are delivered when the machine senses a negative pressure 
�‡�¡�‘�”�–���„�›���–�Š�‡���’�ƒ�–�‹�‡�•�–�����î�•�›�•�…�Š�”�‘�•�‘�—�•�ï���ä�����‡�–�™�‡�‡�•���‡�ƒ�…�Š���„�”�‡�ƒ�–�Š�á���‹�ˆ���–�Š�‡��
patient breathes spontaneously, the machine does not ‘kick in’ with a 
breath of its own, and these patient-induced breaths only reach the 
negative pressure and tidal volume determined by the patient.  
 IPPV = intermittent positive ressure ventilation.

7.42
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high levels of PEEP decrease venous return to the heart, 
increase central venous pressure and increase the mechan-
ical work of breathing. The use of PEEP to improve oxygen -
ation sometimes allows decreases in the concentration of 
inspired oxygen. This can be particularly useful in animals 
that are being ventilated with very high oxygen concentra -
tions and, thus, are at risk of oxygen toxicity. PEEP should 
be started at 5 cm H 2O and slowly increased until the 
desired endpoint in terms of improvement in oxygenation is 
reached. It is important to watch haemodynamic variables 
closely as PEEP is increased, since it may lead to increased 
incidence of cardiovascular instability.

Goals of ventilation
The aim should be to maintain the PaO2 at 80–100 mmHg 
or higher, and to keep the PaCO2 between 30 and 45 
mmHg, depending on the condition of the animal, its acid–
base status, and whether or not efforts are being made to 
wean the animal from the ventilator. PaCO2 should be at the 
lower end of the range in animals with cerebral oedema or 
head trauma or in animals that have severe metabolic  
acidosis. The PaCO2 is adjusted to the desired level by 
manipulation of the respiratory rate and tidal volume. P aO2 
achieved in the ventilated animal depends on:

• Extent of lung disease
• The concentration of oxygen
• Ventilation rate, tidal volume and peak inspiratory 

pressure
• The use of PEEP.

General recommendations suggest that during PPV, 
peak airway pressures of 10–20 cm H2O should be the 
goal. The respiratory rate should be set between 10 and 30 
breaths per minute, depending on the severity of lung  
disease; the inspiratory to expiratory ratio should be 
approximately 1:2 or 1:3. FiO2 should be set at 100% to 
start, then rapidly weaned to the lowest possible level 
depending on oxygen saturation.

In animals with normal lungs, the low end of the 
desired airway pressure range will usually be achieved if 
the patient is ventilated with tidal volumes of 8–12 ml/kg. 
Numerous studies have confirmed adverse effects in the 
lungs if airway pressures exceed 30 cm H 2O, including 
alveolar inflammation, rupture of alveolar septae, emphy -
sema and pneumothorax. In contrast to normal lungs, the 
diseased lung can be very heterogeneous. Lung units with 
normal alveoli may be located side -by-side with abnormal 
lung units. PPV with normal tidal volumes can result in very 
high peak airway pressures and over-distension of normal 
alveoli, which accept a relatively large proportion of the 
delivered breath because they are more compliant in com -
parison with the diseased alveoli, which may not fill with 
gas. Over-distension of the normal alveoli results in alveo -
lar inflammation. Pneumothorax is the most dramatic and 
easily recognized complication of barotrauma and volu -
trauma in the ventilated patient.

In addition, some alveoli and terminal bronchioles  
may be ‘recruitable’ (i.e. collapsed at end expiration but 
expanded during inspiration). In these recruitable alveoli 
and the alveoli immediately adjacent to them, lung injury 
and inflammation may occur due to shear stress as they 
are opened and then collapse completely with each 
breath. By applying PEEP, the recruitable alveoli are held 
open at the end of exhalation, thereby minimizing addi -
tional inflammation caused by shear stress. Multiple recent 
studies suggest that lung -protective ventilation strategies 

may result in decreased lung inflammation and improved 
survival. High levels of PEEP are used to recruit alveoli and 
increase functional residual capacity, thereby preventing 
the cycle of alveolar reopening and stretching with each 
breath. Current recommendations suggest that tidal vol -
umes and peak airway pressures should be kept as low as 
possible (ideally 6–8 ml/kg and <30 cm H 2O, respectively) 
in order to prevent over-distension of relatively normal 
alveoli and shear stress. Increased physiological and ana-
tomical dead space and low tidal volumes can result in 
problems with carbon dioxide elimination during PPV, par -
ticularly at low tidal volumes. The term ‘permissive hyper -
capnia’ refers to acceptance of a higher than normal P aCO2 
(as long as respiratory acidosis is not severe), in order to 
minimize tidal volumes and airway pressures.

Complications of PPV
Animals being managed with PPV are at a high risk of 
developing pneumonia because airway intubation by -
passes upper airway defences, atelectasis predisposes to 
impaired bacterial clearance from the alveoli, and there are 
often increased populations of resistant Gram -negative 
bacteria in the oropharynx, especially if the animal is 
receiving antibiotics or H2 blockers. In addition, most criti -
cally ill ventilator patients can be expected to be immuno -
compromised because of their illness, the need for long 
periods of general anaesthesia, and often decreased nutri -
tion. Pneumonia is a potentially serious complication in the 
ventilated patient because it predisposes to sepsis and 
worsening of SIRS, as well as multiple organ failure. In 
addition, it can lead to progressive worsening of hypoxia 
and delay of weaning, and therefore can potentially con -
tribute to mortality. Ideally, surveillance bacterial cultures 
should be submitted daily from the airway. The use of pro -
phylactic antibiotics is not generally considered ideal; the 
optimal approach is to diagnose infection as early as  
possible, and to initiate targeted therapy at that time. If 
there is clinical evidence of pneumonia, broad -spectrum 
antibiotic therapy should be administered immediately, 
pending the result of bacterial cultures.

Monitoring the ventilated patient
Blood gases should be measured at least every 6 hours, in 
order to assess progress and monitor for deterioration  
in pulmonary function or changes in acid–base status. The 
ventilator settings should be adjusted based on these 
results. Packed cell volume, total solids/protein and serum 
electrolytes should be measured at least every 6 hours, 
and abnormalities corrected. Continuous monitoring of 
oxygen saturation using a pulse oximeter will give warning 
if the animal suddenly desaturates. End-tidal carbon diox -
ide can be monitored, providing an estimation of the 
PaCO2, and can therefore be used to adjust the ventilation 
volumes and pressures.

The endotracheal tube should be aspirated daily and 
cytology and culture performed on the aspirates. The ven -
tilated animal should have frequent chest radiographs to 
monitor for deterioration or improvement. Ideally chest 
radiographs should be obtained daily, but they are indi -
cated if there is any deterioration of the clinical condition 
of the animal.

Continuous electrocardiographic monitoring is neces -
sary to monitor heart rate and for the presence of  
dysrhythmias. Arterial pressure should be monitored fre -
quently, ideally using continuous direct arterial monitoring 
via an arterial catheter, which is also useful for obtaining 

Ch07 Emergency.indd   120 22/02/2018   16:38



Chapter 7 · General approach to respiratory distress

121

regular blood gases. Hypotension should be treated as 
required. Urine output should be monitored and should be 
at least 1–2 ml/kg/h. Body temperature should be moni -
tored and heat support provided as needed.

Outcomes of PPV
The successful outcome of PPV is defined as weaning the 
patient from the ventilator and their subsequent discharge 
from hospital. Although outcomes continue to improve, the 
selection of only the very sickest patients for this type of 
support means that overall survival rates are lower than 
preferred. Pet owners should be educated about the 
expense of PPV and the extensive resources (equipment, 
staff expertise) needed for a positive outcome.

The literature includes numerous case reports of indi -
vidual animals successfully managed using PPV (Aldrich et 
al., 2002; Kelmer et al., 2012; Guillamin and Hopper, 2013; 
Allen et al., 2016); however, it is important to examine the 
results in terms of groups of relevant patients, in order to 
gain the best perspective on survival expectations. 
Patients that require PPV can be divided into two general 
categories that differ greatly in regard to the success of 
weaning and discharge.

• Animals that require PPV because of ventilatory failure 
but have normal lungs – these patients are generally 
easier to manage and have better outcomes.

• Animals that require PPV because of lung disease (i.e. 
a failure of oxygenation) – these patients tend to be 
difficult to manage and have much lower rates of 
survival to discharge.

Furthermore, there is variability within these two groups 
depending on the underlying disease and bodyweight of 
the animal. Smaller animals tend to have worse outcomes, 
regardless of the reason for PPV. This is particularly true of 
cats, which have lower survival rates than dogs across all 
disease processes, should they require PPV.

Patients with ventilatory failure: Animals that require 
PPV because of ventilatory failure include those with brain, 
spinal cord or neuromuscular disease, chest wall abnor -
malities and airway obstructions. Typically, these animals 
have normal lungs, at least at the onset of PPV. Thus, they 
are relatively easy to support on the ventilator. Outcomes 
often depend on the underlying disease process. For 
example, a cat that requires PPV because of cerebral 
oedema due to an inoperable brain tumour is likely to have 
a worse prognosis than a large dog that requires PPV  
following cervical spinal cord compression surgery.

Published overall outcomes in this category report sur -
vival to discharge rates of 35–60% (King and Boothe, 
1994; Drellich, 2002; Hopper et al., 2007). However, out-
comes in specific sub -groups within this category may be 
higher or lower. For example, the survival to discharge rate 
in a group of 14 dogs that required PPV because of cervi -
cal spinal cord injury was 70% in one study (Beal et al ., 
2001). In contrast, a large study of cats managed with PPV 
reported a 33% survival rate (Lee et al., 2005), and another 
study reported a 21% survival to discharge rate (3/14) in a 
group of dogs ventilated to manage lower motor neuron 
disease (Rutter et al., 2011).

Patients with oxygenation failure:  Survival rates are much 
lower in animals that require PPV because of severe lung 
disease. Common examples of this type of case include 
patients with pneumonia, pulmonary oedema, pulmonary 

haemorrhage, pulmonary thromboembolism or ARDS. In 
these animals, PPV is difficult because of the need to pro -
vide sufficient oxygenation and removal of carbon dioxide 
without causing additional ventilator -induced lung injury. 
Further challenges with these patients include the high risk 
of SIRS and subsequent organ failure, which might result in 
mortality independent of the lung disease.

Published overall outcomes in this category report sur -
vival to discharge rates of 11–22% (King et al., 1994; 
Drellich, 2002; Hopper et al., 2007). However, the survival 
rates for specific subgroups within this category may differ 
from this range. One study reported 30% survival in a 
group of dogs managed with PPV for severe pulmonary 
contusions following trauma (Campbell and King, 2000). 
As expected, the outcomes for this subset of cats were 
worse than those for dogs, with reported survival rates of 
14% in one study (Lee et al., 2005).
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Renal and urinary  
tract emergencies
Jonathan D. Foster and Karen Humm

The renal and urinary tract system is vital for the main-
tenance of electrolyte, acid–base and fluid balance. 
Distur bance of its function therefore results in homeostatic 
derangement, potentially leading to severe illness and 
even death. Possible causes of renal or urinary tract dys -
function range from toxin ingestion to trauma to feline 
lower urinary tract disease. This chapter addresses com -
mon renal and urinary tract emergencies and the approach 
to their management.

�0�K�L�U�[�P�Ä�J�H�[�P�V�U���V�M���Y�L�U�H�S���V�Y��
�\�Y�P�U�H�Y�`���[�Y�H�J�[���K�`�Z�M�\�U�J�[�P�V�U
Azotaemia
Detection of azotaemia is often the first step in the recog -
nition of renal or urinary tract dysfunction. Azotaemia is 
defined as an increase in nitrogenous compounds in the 
blood, generally identified by raised urea and creatinine 
levels. These products are excreted by the kidneys and so 
azotaemia is a useful indicator of renal or urinary tract 
pathology. It is important to determine whether the azotae -
mia is of pre-renal, renal (intrinsic) or post-renal origin 
(Figure 8.1). In some cases this will rapidly become appar-
ent during physical examination or history taking, but  
further investigation involving urinalysis, additional blood 
testing or diagnostic imaging may be required.

Azotaemia does not develop until there is loss of  
at least 75% of renal function, however, and so it is  
not a very sensitive indicator of intrinsic renal disease. 
Isosthenuria is a slightly more sensitive indicator of renal 
dysfunction, developing when there is at least 66% loss  
of renal function. However, this is still suboptimal when 
attempting to identify renal injury and (together with the 
lack of a clear definition for acute renal failure) has led to 
the development of new criteria defining ‘acute kidney 
injury’ in humans, which have now been adopted in small 
animal medicine.

Acute kidney injury
In human nephrology, the term acute kidney injury (AKI) 
has supplanted the use of acute renal failure. AKI is pre-
ferred because it draws attention to small insults that 
affect renal function but do not cause overt failure, as 
well as introducing concepts of maintenance and recov -
ery from the inciting injury. AKI can refer to any loss of 
renal function; however, it is most commonly applied to 
loss of tubular function. Additionally, it has been shown in 
human medicine that mild decreases in glomerular filtra -
tion rate (GFR), as observed through serial assessment of 
serum creatinine, may be associated with adverse clinical 
outcomes, without patients necessarily developing azo -
taemia (Chertow, 2005).

Parameter Pre-renal (intrinsic) Renal Post-renal

���”�‹�•�‡���•�’�‡�…�‹�¤�…��
gravity

Hypersthenuric (>1.040 in cats and 
>1.030 in dogs) unless complicating 
disease is present, e.g. 
hypoadrenocorticism, 
hypercalcaemia, Escherichia coli sepsis

Variable depending on stage of disease 
but often isosthenuric (1.008– 1.012) or 
poorly concentrated (<1.025)

Variable

Dipstick results Glucosuria and proteinuria common

Sediment 
examination

Generally unremarkable Casts, erythrocytes, bacteria, leucocytes 
and/or neoplastic cells may be seen

Erythrocytes common

Bladder size Generally small Variable depending on stage of disease 
process

Either large and tense or absent

Diagnostic imaging Kidneys and urinary tract 
unremarkable

Renomegaly and ultrasonographic 
changes possible. Small kidneys seen if 
the azotaemia is chronic

Possible abnormalities include:
• Reno-, uretero-, cysto- or urethroliths 
• Ureteral dilatation
• �	�”�‡�‡���ƒ�„�†�‘�•�‹�•�ƒ�Ž���ª�—�‹�†
• Contrast studies may reveal urinary 

tract rupture or obstruction

���”�‹�–�‡�”�‹�ƒ���—�•�‡�†���–�‘���†�‹�¡�‡�”�‡�•�–�‹�ƒ�–�‡���„�‡�–�™�‡�‡�•���’�”�‡�æ�”�‡�•�ƒ�Ž�á���”�‡�•�ƒ�Ž���ƒ�•�†���’�‘�•�–�æ�”�‡�•�ƒ�Ž���…�ƒ�—�•�‡�•���‘�ˆ���ƒ�œ�‘�–�ƒ�‡�•�‹�ƒ�ä8.1
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AKI has four phases:

• Induction phase:  this begins with the ischaemic or 
nephrotoxic insult, and continues until there is a 
change in renal function, such as decreased urine 
output or an increased urea or creatinine level. The 
length of time necessary to see changes is variable and 
depends on the nature and severity of the insult. During 
this stage, early intervention may prevent progression; 
clinical signs are often not apparent, which makes 
intervention difficult, but anticipation of the risk of AKI 
and careful monitoring of renal function is beneficial in 
at-risk patients

• Extension phase:  the kidney is further injured by 
alterations in renal perfusion, continued hypoxia, 
secondary inflammation, and ongoing epithelial and 
endothelial injury

• Maintenance phase:  this occurs after a critical amount 
of damage is established. The resulting decreased GFR 
results in azotaemia and clinical signs of uraemia, 
especially if combined with ongoing renal 
hypoperfusion. Elimination of inciting factors at this 
phase will not decrease existing damage or expedite the 
rate of recovery. This phase may last from days to weeks

• Recovery phase:  this is the period where renal tissue 
undergoes regeneration and repair with varying 
restoration of renal function.

AKI may occur secondary to pre -renal, post-renal and/
or intrinsic renal causes. Recently, the International Renal 
Interest Society (IRIS, www.iris-kidney.com) has adopted a 
stratification scheme for veterinary AKI (Figure 8.2) which 
allows categorization of the severity of injury, aids thera -
peutic decision -making, and provides a means of classifi -
cation for research and collaborative efforts. The severity 
of injury increases along with the IRIS AKI Grade. Note that 
IRIS AKI Grade I includes serum creatinine values that fall 
within the reference interval for most veterinary chemistry 
analysers, thus highlighting the need for monitoring trends 
in laboratory parameters. An increase in serum creatinine 
�™�����������+�T�V�S���S�� �^�P�[�O�P�U�� ������ �O�V�\�Y�Z�� �^�V�\�S�K�� �Y�L�W�Y�L�Z�L�U�[�� �(�2�0���� �H�U�K��
efforts should be made to determine the cause (e.g. hypo -
volaemia/dehydration/hypoperfusion, tubular injury).

Proteinuria
Proteinuria may also indicate renal dysfunction. Similar to 
azotaemia, pre-renal, post-renal and intrinsic renal causes 

should be considered. Pre -renal causes of protein uria 
include Bence Jones proteinuria, haemolysis and  
rhabdomyolysis; post -renal causes include cystitis, pros-
tatitis, vaginitis and neoplasia. The renal origin of protein  uria 
can be glomerular (resulting from abnormal permselectivity 
of the glomerular filtration barrier) or tubular (caused by fail -
ure of tubular protein reabsorption or damage to the tubular 
epithelium). After pre- and post-renal causes of proteinuria 
have been excluded, the magnitude of proteinuria should be 
evaluated by a urine protein:creatinine ratio (UPC). The 
severity of increased UPC cannot be used to differentiate 
tubular and glomerular origins of proteinuria, nor can it  
be used to suggest the type of glomerulopathy present  
(e.g. amyloidosis, immune complex glomerulonephritis, 
non-immune complex glomerulonephritis). Proteinuria may 
cause oxidative damage to the tubular epithelium, resulting 
in AKI. The nephrotic syndrome (proteinuria, hypoalbumin-
aemia, ascites/oedema and hypercholesterolaemia) may be 
present. In addition to albumin, antithrombin may be lost via 
the urine, resulting in a hypercoagulable state. Serum albu -
min concentration cannot be used to predict antithrombin 
deficiency; antithrombin activity needs to be measured 
directly. Complications of proteinuria can include thrombo -
embolism, systemic hypertension and reduced tolerance 
towards intravenous crystalloid therapy.

�,�T�L�Y�N�L�U�J�`���T�H�U�H�N�L�T�L�U�[���V�M���[�O�L��
acute kidney injury patient
Most patients with azotaemia (whether pre -renal, intrinsic 
or post-renal) require stabilization to prevent worsening of 
the kidney injury and progression to intrinsic AKI. It is 
important to rapidly assess the patient’s perfusion status 
and address hypovolaemia or dehydration with fluid ther -
�H�W�`�����Z�L�L���*�O�H�W�[�L�Y���������[�V���P�T�W�Y�V�]�L���Y�L�U�H�S���W�L�Y�M�\�Z�P�V�U�����0�U���H�K�K�P�[�P�V�U����
fluid therapy often leads to the correction or improvement 
of electrolyte and acid–base disturbances, particularly if 
they are mild, and therefore specific therapy to treat elec -
trolyte and acid–base abnormalities can be withheld in 
many cases until the effect of fluid therapy is seen. An 
exception to this is severe symptomatic hyperkalaemia. 
Hyperkalaemia is a common electrolyte disturbance in AKI 
patients, potentially leading to bradycardia and arrhyth -
mias, and may require rapid treatment if the effects are 
marked. The patient’s cardiovascular system should be 

AKI grade Serum creatinine Clinical description 

Grade I <140 �+mol/l (<1.6 mg/dl) Non-azotaemic AKI: 
a. Documented AKI (historical, clinical, laboratory or imaging evidence of AKI, clinical oliguria/anuria, 

volume responsiveness a) and/or 
b. ���”�‘�‰�”�‡�•�•�‹�˜�‡���•�‘�•�æ�ƒ�œ�‘�–�ƒ�‡�•�‹�…���‹�•�…�”�‡�ƒ�•�‡���‹�•���•�‡�”�—�•���…�”�‡�ƒ�–�‹�•�‹�•�‡�â���µ�V�Z�ä�X���+�•�‘�Ž���Ž�����µ�T�ä�W���•�‰���†�Ž�����™�‹�–�Š�‹�•���X�\���Š�‘�—�”�•��
c. Measured oliguria (<1 ml/kg/h) or anuria over 6 hours 

Grade II 141–220 �+mol/l (1.7–2.5 mg/dl) Mild AKI: 
a. Documented AKI and static or progressive azotaemia
b. ���”�‘�‰�”�‡�•�•�‹�˜�‡���ƒ�œ�‘�–�ƒ�‡�•�‹�…���‹�•�…�”�‡�ƒ�•�‡���‹�•���•�‡�”�—�•���…�”�‡�ƒ�–�‹�•�‹�•�‡�â���µ�V�Z�ä�X���+�•�‘�Ž���Ž�����µ�T�ä�W���•�‰���†�Ž�����™�‹�–�Š�‹�•���X�\���Š�‘�—�”�•�á���‘�”��

volume responsiveness a 
c. Measured oliguria (<1 ml/kg/h) or anuria over 6 hours 

Grade III 221–439 �+mol/l (2.6–5.0 mg/dl) Moderate to severe AKI: 
a. Documented AKI and increasing severities of azotaemia and functional renal failure 

Grade IV 440–880 �+mol/l (5.1–10.0 mg/dl) 

Grade V >880 �+mol/l (>10.0 mg/dl) 

Each grade of AKI is further subdivided on the basis of: 
1. Non-oliguric or oligoanuria 
2. Requirement for renal replacement therapy

International Renal Interest Society (IRIS) AKI grading criteria. a  Volume responsive is considered to be an increase in urine production to >1 ml/
kg/h over 6 hours and/or a decrease in serum creatinine to baseline over 48 hours.8.2
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carefully assessed to decide whether calcium gluconate 
therapy is required. (See Chapter 5 for more details on  
the management of hyperkalaemia.)

Other electrolyte disturbances such as high or low  
values for sodium, chloride, phosphate or calcium may 
occur but are less likely to require specific therapy. The 
need for specific therapy for these disturbances should be 
decided upon but this can be considered after fluid  
therapy has been initiated (see Chapter 5).

Metabolic acidosis is very common in the AKI patient. 
This does not generally require treatment in patients with 
pre-renal and post-renal causes of AKI if the underlying 
cause can be fairly rapidly controlled. However, in the intrin -
sic AKI patient with severe metabolic acidosis (a pH <7.15), 
bicarbonate therapy may be necessary (see Chapter 5).

If a toxic cause is known or suspected for AKI, decon -
tamination should be performed and any known antidote 
administered. In any AKI patient it is extremely important to 
avoid any nephrotoxic drugs, such as non -steroidal anti-
inflammatory drugs (NSAIDs) or radiopaque contrast 
agents. Agents that cause hypotension, including most 
general anaesthetics and many sedative agents, will 
decrease GFR and so should also be avoided if possible. 
The patient’s blood pressure should be measured, as 
hypotension can be seen in hypovolaemic patients or those 
with other causes of hypoperfusion, and hypertension can 
occur secondary to AKI or as a cause of AKI. Both condi -
tions require prompt treatment, as they can exacerbate AKI 
and can also lead to damage to other organs.

Finally, in many patients with AKI the placement of a 
urethral catheter (Figures 8.3 to 8.8) can be very helpful to 
allow assessment of urine output and specific gravity, as 
well as potentially aiding treatment of the underlying  
disease process in post -renal AKI. Urethral catheterization 
can also prevent urine scalding and discomfort in polyuric 
or immobile patients, thus improving their welfare. Appro-
priate urine output and specific gravity of urine will vary 
dependent on the underlying disease process causing AKI, 
but in patients with intrinsic AKI which have been appro-
priately volume resuscitated and rehydrated, a urine output 
of less than 2 ml/kg/h would be considered oliguric.

Retraction of the prepuce of a male cat to aid placement of a 
urethral catheter8.4

• Sedation is generally required unless the patient is paralysed or moribund. 
• Place the cat in lateral recumbency.
• Clip and aseptically prepare the perineal area.
• ���•�‡�’�–�‹�…�ƒ�Ž�Ž�›���’�”�‡�’�ƒ�”�‡���Š�ƒ�•�†�•���ƒ�•�†���™�‡�ƒ�”���•�–�‡�”�‹�Ž�‡���‰�Ž�‘�˜�‡�•�ä
• �����•�‹�Ž�‹�…�‘�•�‡�æ�…�‘�ƒ�–�‡�†���—�”�‹�•�ƒ�”�›���…�ƒ�–�Š�‡�–�‡�”���‹�•���Ž�‡�•�•���‹�”�”�‹�–�ƒ�•�–���–�Š�ƒ�•���’�‘�Ž�›�’�”�‘�’�›�Ž�‡�•�‡�ä�����’�‡�•�æ�‡�•�†�‡�†���…�ƒ�–�Š�‡�–�‡�”�•�����”�ƒ�–�Š�‡�”���–�Š�ƒ�•���–�Š�‘�•�‡���™�‹�–�Š���•�‹�†�‡���‘�’�‡�•�‹�•�‰�•�����ƒ�Ž�Ž�‘�™���‡�ƒ�•�‹�‡�”��

�ª�—�•�Š�‹�•�‰�ä�����–�‡�”�‹�Ž�‡���Ž�—�„�”�‹�…�ƒ�•�–���•�Š�‘�—�Ž�†���„�‡���’�Ž�ƒ�…�‡�†���‘�•���–�Š�‡���‡�•�†���‘�ˆ���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”�ä��
• ���‡�–�”�ƒ�…�–���–�Š�‡���’�”�‡�’�—�…�‡���ƒ�•�†���Š�‘�Ž�†���‹�•���’�Ž�ƒ�…�‡���…�”�ƒ�•�‹�ƒ�Ž�Ž�›���„�‡�–�™�‡�‡�•���–�Š�‡���ˆ�‘�”�‡�¤�•�‰�‡�”���ƒ�•�†���–�Š�—�•�„���‘�ˆ���–�Š�‡���•�‘�•�æ�†�‘�•�‹�•�ƒ�•�–���Š�ƒ�•�†�����–�Š�‹�•���…�ƒ�•���„�‡���’�‡�”�ˆ�‘�”�•�‡�†���„�›���ƒ�•��

assistant; see Figure 8.4).
• Place the tip of the urinary catheter into the urethra and gently advance approximately 0.5 cm. If you are unable to place the catheter into the tip of 

�–�Š�‡���—�”�‡�–�Š�”�ƒ�á���‰�‡�•�–�Ž�›���•�ƒ�•�•�ƒ�‰�‡���–�Š�‡���–�‹�’���‘�ˆ���–�Š�‡���’�‡�•�‹�•�â���‘�…�…�ƒ�•�‹�‘�•�ƒ�Ž�Ž�›���–�Š�‡�”�‡���‹�•���ƒ���•�—�…�‘�‹�†���’�Ž�—�‰���”�‹�‰�Š�–���ƒ�–���–�Š�‡���–�‹�’���™�Š�‹�…�Š���’�”�‡�˜�‡�•�–�•���’�Ž�ƒ�…�‡�•�‡�•�–�ä
• ���ˆ���ƒ�•�›���”�‡�•�‹�•�–�ƒ�•�…�‡���‹�•���•�‘�–�‡�†���–�Š�‡�•���ª�—�•�Š���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���™�‹�–�Š���•�–�‡�”�‹�Ž�‡���•�ƒ�Ž�‹�•�‡�ä
• ���•�…�‡���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���‹�•���‹�•���–�Š�‡���—�”�‡�–�Š�”�ƒ�á���ƒ�Ž�Ž�‘�™���–�Š�‡���’�”�‡�’�—�…�‡���–�‘���”�‡�–�—�”�•���–�‘���‹�–�•���”�‡�•�–�‹�•�‰���’�‘�•�‹�–�‹�‘�•���ƒ�•�†���–�Š�‡�•���‰�‡�•�–�Ž�›���’�—�Ž�Ž���–�Š�‡���’�”�‡�’�—�…�‡���…�ƒ�—�†�ƒ�Ž�Ž�›�ä�����Š�‹�•���ƒ�Ž�Ž�‘�™�•��

alignment of the penile and membranous urethrae and thereby eases passage of the catheter.
• ���†�˜�ƒ�•�…�‡���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���‰�‡�•�–�Ž�›�á���ª�—�•�Š�‹�•�‰���™�‹�–�Š���•�–�‡�”�‹�Ž�‡���•�ƒ�Ž�‹�•�‡���‹�ˆ���ƒ�•�›���”�‡�•�‹�•�–�ƒ�•�…�‡���‹�•���‡�•�…�‘�—�•�–�‡�”�‡�†�ä���
�‡�•�–�Ž�‡���”�‘�–�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���•�ƒ�›���ƒ�‹�†���ƒ�†�˜�ƒ�•�…�‡�•�‡�•�–�ä
• Once the catheter is in the bladder, suture the catheter to the perineal region. Drain urine from the bladder using a syringe, taking any samples 

required.
• ���ˆ���–�Š�‡���…�ƒ�–���™�ƒ�•���•�—�¡�‡�”�‹�•�‰���ˆ�”�‘�•���—�”�‡�–�Š�”�ƒ�Ž���‘�„�•�–�”�—�…�–�‹�‘�•���–�Š�‡�•���ª�—�•�Š���–�Š�‡���„�Ž�ƒ�†�†�‡�”���™�‹�–�Š���™�ƒ�”�•�‡�†���•�–�‡�”�‹�Ž�‡���•�ƒ�Ž�‹�•�‡���—�•�–�‹�Ž���–�Š�‡���ª�—�‹�†���†�”�ƒ�‹�•�‹�•�‰���‹�•���•�‘���Ž�‘�•�‰�‡�”���•�ƒ�•�‰�—�‹�•�‡�‘�—�•�ä
• ���–�–�ƒ�…�Š���ƒ���…�‘�Ž�Ž�‡�…�–�‹�‘�•���„�ƒ�‰�����ƒ���†�”�›�á���…�Ž�‡�ƒ�•�á���‡�•�’�–�›���ª�—�‹�†���„�ƒ�‰���ƒ�•�†���‰�‹�˜�‹�•�‰���•�‡�–���‹�•���ƒ�…�…�‡�’�–�ƒ�„�Ž�‡���‹�ˆ���ƒ���’�—�”�’�‘�•�‡�æ�†�‡�•�‹�‰�•�‡�†���„�ƒ�‰���‹�•���•�‘�–���ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡�����–�‘���–�Š�‡���—�”�‹�•�ƒ�”�›���…�ƒ�–�Š�‡�–�‡�”��

and tape the catheter to the cat’s tail to decrease any drag on the perineum and penis.
• ���Ž�ƒ�…�‡���–�Š�‡���…�‘�Ž�Ž�‡�…�–�‹�‘�•���„�ƒ�‰���‘�•���ƒ���…�Ž�‡�ƒ�•���‹�•�…�‘�•�–�‹�•�‡�•�…�‡���’�ƒ�†���‘�•���–�Š�‡���ª�‘�‘�”�����•�‡�‡���	�‹�‰�—�”�‡���\�ä�Y�����‘�”���Š�‘�‘�•���–�‘���ƒ���•�‡�•�•�‡�Ž���†�‘�‘�”���Ž�‘�™�‡�”���–�Š�ƒ�•���–�Š�‡���’�ƒ�–�‹�‡�•�–���–�‘���ƒ�Ž�Ž�‘�™���ˆ�”�‡�‡���—�”�‹�•�‡��

drainage.
• Alternatively, bung the urinary catheter.  
• DO NOT leave the urinary catheter open.
• Drain urine in a sterile fashion every 4 hours and record the volume produced.
• Place an Elizabethan collar on the cat.

Urethral catheterization of the male cat. 8.3

A closed urine collection system.8.5
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• Sedation is generally required unless the patient is paralysed or moribund.
• Place the cat in lateral or sternal recumbency.
• Clip and aseptically prepare the perineal area.
• ���•�‡�’�–�‹�…�ƒ�Ž�Ž�›���’�”�‡�’�ƒ�”�‡���Š�ƒ�•�†�•���ƒ�•�†���™�‡�ƒ�”���•�–�‡�”�‹�Ž�‡���‰�Ž�‘�˜�‡�•�ä
• A silicone-coated urinary catheter is less irritant than polypropylene. Sterile lubricant should be placed on the end of the catheter. 
• A stylet, or storage of catheters in the freezer, can increase catheter rigidity, aiding placement.
• ���‘���’�Ž�ƒ�…�‡���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���‹�•���ƒ���„�Ž�‹�•�†���ˆ�ƒ�•�Š�‹�‘�•���’�—�Ž�Ž���–�Š�‡���˜�—�Ž�˜�ƒ�Ž���Ž�‹�’�•���…�ƒ�—�†�ƒ�Ž�Ž�›���™�‹�–�Š���–�Š�‡���•�‘�•�æ�†�‘�•�‹�•�ƒ�•�–���Š�ƒ�•�†���ƒ�•�†���ƒ�†�˜�ƒ�•�…�‡���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���˜�‡�•�–�”�ƒ�Ž�Ž�›���ƒ�Ž�‘�•�‰���–�Š�‡��

�˜�‡�•�–�‹�„�—�Ž�ƒ�”���ª�‘�‘�”���‹�•���–�Š�‡���•�‹�†�Ž�‹�•�‡�á���ƒ�•�†���‹�–���•�Š�‘�—�Ž�†���‡�•�–�‡�”���–�Š�‡���†�‡�’�”�‡�•�•�‹�‘�•���‘�•���–�Š�‡���˜�ƒ�‰�‹�•�ƒ�Ž���ª�‘�‘�”���‹�•�–�‘���–�Š�‡���‡�š�–�‡�”�•�ƒ�Ž���—�”�‡�–�Š�”�ƒ�Ž���‘�”�‹�¤�…�‡�ä
• ���Ž�–�‡�”�•�ƒ�–�‹�˜�‡�Ž�›�á���ƒ���•�–�‡�”�‹�Ž�‹�œ�‡�†���‘�–�‘�•�…�‘�’�‡���Š�‡�ƒ�†���…�ƒ�•���„�‡���—�•�‡�†���–�‘���˜�‹�•�—�ƒ�Ž�‹�œ�‡���–�Š�‡���‡�š�–�‡�”�•�ƒ�Ž���—�”�‡�–�Š�”�ƒ�Ž���‘�”�‹�¤�…�‡�ä
• ���Š�‡���…�ƒ�–�Š�‡�–�‡�”���…�ƒ�•���–�Š�‡�•���„�‡���•�—�–�—�”�‡�†���–�‘���–�Š�‡���’�‡�”�‹�•�‡�—�•�ä��
• ���–�–�ƒ�…�Š���ƒ���…�‘�Ž�Ž�‡�…�–�‹�‘�•���„�ƒ�‰�����ƒ���†�”�›�á���…�Ž�‡�ƒ�•�á���‡�•�’�–�›���ª�—�‹�†���„�ƒ�‰���ƒ�•�†���‰�‹�˜�‹�•�‰���•�‡�–���‹�•���ƒ�…�…�‡�’�–�ƒ�„�Ž�‡���‹�ˆ���ƒ���’�—�”�’�‘�•�‡�æ�†�‡�•�‹�‰�•�‡�†���„�ƒ�‰���‹�•���•�‘�–���ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡�����–�‘���–�Š�‡���—�”�‹�•�ƒ�”�›���…�ƒ�–�Š�‡�–�‡�”��

and tape the catheter to the cat’s tail to decrease any drag on the perineum. 
• ���Ž�ƒ�…�‡���–�Š�‡���…�‘�Ž�Ž�‡�…�–�‹�‘�•���„�ƒ�‰���‘�•���ƒ���…�Ž�‡�ƒ�•���‹�•�…�‘�•�–�‹�•�‡�•�…�‡���’�ƒ�†���‘�•���–�Š�‡���ª�‘�‘�”�����•�‡�‡���	�‹�‰�—�”�‡���\�ä�Y�����‘�”���Š�‘�‘�•���–�‘���ƒ���•�‡�•�•�‡�Ž���†�‘�‘�”���Ž�‘�™�‡�”���–�Š�ƒ�•���–�Š�‡���’�ƒ�–�‹�‡�•�–���–�‘���ƒ�Ž�Ž�‘�™���ˆ�”�‡�‡���—�”�‹�•�‡��

drainage.
• Alternatively, bung the urinary catheter.
• DO NOT leave the urinary catheter open.
• Drain urine in a sterile fashion every 4 hours and record the volume produced.
• Place an Elizabethan collar on the cat.

Urethral catheterization of the female cat.8.6

• ���‡�†�ƒ�–�‹�‘�•���‹�•���•�‘�–���”�‡�“�—�‹�”�‡�†���—�•�Ž�‡�•�•���–�Š�‡���†�‘�‰���‹�•���•�—�¡�‡�”�‹�•�‰���ˆ�”�‘�•���—�”�‡�–�Š�”�ƒ�Ž���‘�„�•�–�”�—�…�–�‹�‘�•���‘�”���‹�•���‡�š�–�”�‡�•�‡�Ž�›���•�‡�”�˜�‘�—�•�á���ƒ�‰�‰�”�‡�•�•�‹�˜�‡���‘�”���‡�š�…�‹�–�ƒ�„�Ž�‡�ä���
�‡�•�‡�”�ƒ�Ž�Ž�›�á���…�ƒ�Ž�•���¤�”�•��
�”�‡�•�–�”�ƒ�‹�•�–���‹�•���•�—�¥�…�‹�‡�•�–�ä

• Gently restrain the dog in lateral recumbency.
• Clip long hairs at the end of the prepuce if present.
• ���•�‡�’�–�‹�…�ƒ�Ž�Ž�›���’�”�‡�’�ƒ�”�‡���Š�ƒ�•�†�•���ƒ�•�†���™�‡�ƒ�”���•�–�‡�”�‹�Ž�‡���‰�Ž�‘�˜�‡�•�ä
• An assistant should extrude the penis by retracting the prepuce and placing pressure at the base of the penis. 
• ���Š�‡���’�‡�•�‹�•���•�Š�‘�—�Ž�†���„�‡���…�Ž�‡�ƒ�•�‡�†���™�‹�–�Š���†�‹�Ž�—�–�‡���…�Š�Ž�‘�”�Š�‡�š�‹�†�‹�•�‡�ä
• �����•�–�‹�¡���’�‘�Ž�›�’�”�‘�’�›�Ž�‡�•�‡���…�ƒ�–�Š�‡�–�‡�”���‹�•���•�‘�•�–���ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡���‹�ˆ���…�ƒ�–�Š�‡�–�‡�”�‹�œ�ƒ�–�‹�‘�•���‹�•���„�‡�‹�•�‰���ƒ�–�–�‡�•�’�–�‡�†���‹�•���ƒ���’�ƒ�–�‹�‡�•�–���™�‹�–�Š���—�”�‡�–�Š�”�ƒ�Ž���‘�„�•�–�”�—�…�–�‹�‘�•�ä���	�‘�”���Ž�‘�•�‰�æ�–�‡�”�•��

placement a soft silicone Foley catheter is more appropriate as it is less irritant and does not require suturing in place.
• Sterile lubricant should be placed on the end of the catheter.
• ���Š�‡���…�ƒ�–�Š�‡�–�‡�”���•�Š�‘�—�Ž�†���„�‡���‹�•�•�‡�”�–�‡�†���‹�•�–�‘���–�Š�‡���—�”�‡�–�Š�”�ƒ�Ž���‘�’�‡�•�‹�•�‰���ƒ�•�†���‰�‡�•�–�Ž�›���ƒ�†�˜�ƒ�•�…�‡�†�â���–�Š�‡���•�‘�•�æ�†�‘�•�‹�•�ƒ�•�–���Š�ƒ�•�†���‹�•���‰�‡�•�‡�”�ƒ�Ž�Ž�›���”�‡�“�—�‹�”�‡�†���–�‘���Š�‘�Ž�†���–�Š�‡���’�‡�•�‹�•��

steady as the tip can be very mobile.
• Once in the urethra, the catheter should be gently advanced.
• ���•���ƒ���’�ƒ�–�‹�‡�•�–���™�‹�–�Š���—�”�‡�–�Š�”�ƒ�Ž���‘�„�•�–�”�—�…�–�‹�‘�•�á���‹�ˆ���”�‡�•�‹�•�–�ƒ�•�…�‡���‹�•���•�‘�–�‡�†���–�Š�‡�•���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���•�Š�‘�—�Ž�†���„�‡���ª�—�•�Š�‡�†���™�‹�–�Š���•�–�‡�”�‹�Ž�‡���•�ƒ�Ž�‹�•�‡�ä
• ���ˆ���–�Š�‹�•���ˆ�ƒ�‹�Ž�•���–�‘���ƒ�Ž�Ž�‘�™���’�”�‘�‰�”�‡�•�•�‹�‘�•���‘�ˆ���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���–�Š�‡�•���”�‡�–�”�‘�’�—�Ž�•�‹�‘�•���…�ƒ�•���„�‡���ƒ�–�–�‡�•�’�–�‡�†�ä�����•���ƒ�•�•�‹�•�–�ƒ�•�–���’�Ž�ƒ�…�‡�•���ƒ���¤�•�‰�‡�”���‹�•���–�Š�‡���”�‡�…�–�—�•���ƒ�•�†���…�‘�•�’�”�‡�•�•�‡�•���–�Š�‡��

�’�‡�Ž�˜�‹�…���—�”�‡�–�Š�”�ƒ���˜�‡�•�–�”�ƒ�Ž�Ž�›���ƒ�‰�ƒ�‹�•�•�–���–�Š�‡���’�‡�Ž�˜�‹�•�ä�����–�‡�”�‹�Ž�‡���•�ƒ�Ž�‹�•�‡���‹�•���–�Š�‡�•���‹�•�Œ�‡�…�–�‡�†���—�•�–�‹�Ž���•�‘�•�‡���’�”�‡�•�•�—�”�‡���„�—�‹�Ž�†�•���—�’���‹�•���–�Š�‡���—�”�‡�–�Š�”�ƒ�ä�����Š�‡���ƒ�•�•�‹�•�–�ƒ�•�–���–�Š�‡�•���Ž�‹�ˆ�–�•���–�Š�‡�‹�”��
�¤�•�‰�‡�”�á���”�‡�•�‘�˜�‹�•�‰���–�Š�‡���…�‘�•�’�”�‡�•�•�‹�‘�•���ƒ�•�†���Š�‘�’�‡�ˆ�—�Ž�Ž�›���ƒ�Ž�Ž�‘�™�‹�•�‰���ª�—�•�Š�‹�•�‰���‘�ˆ���ƒ�•�›���—�”�‡�–�Š�”�‘�Ž�‹�–�Š���‹�•�–�‘���–�Š�‡���„�Ž�ƒ�†�†�‡�”�ä�����•���•�‘�•�–���…�ƒ�•�‡�•���–�Š�‡���’�ƒ�–�‹�‡�•�–���™�‹�Ž�Ž���”�‡�“�—�‹�”�‡���•�‡�†�ƒ�–�‹�‘�•��
�‘�”���‰�‡�•�‡�”�ƒ�Ž���ƒ�•�ƒ�‡�•�–�Š�‡�•�‹�ƒ���ˆ�‘�”���–�Š�‹�•���’�”�‘�…�‡�†�—�”�‡���–�‘���„�‡���’�‡�”�ˆ�‘�”�•�‡�†�á���™�Š�‹�…�Š���™�‹�Ž�Ž���ƒ�Ž�•�‘���ƒ�‹�†���•�—�•�…�—�Ž�ƒ�”���”�‡�Ž�ƒ�š�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���—�”�‡�–�Š�”�ƒ�ä��

• ���•�…�‡���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���‹�•���‹�•���–�Š�‡���„�Ž�ƒ�†�†�‡�”�á���—�”�‹�•�‡���•�Š�‘�—�Ž�†���ª�‘�™���ˆ�”�‡�‡�Ž�›�ä���	�‘�Ž�‡�›���…�ƒ�–�Š�‡�–�‡�”�•���•�Š�‘�—�Ž�†���„�‡���ƒ�†�˜�ƒ�•�…�‡�†���–�Š�‡���‡�•�–�‹�”�‡���Ž�‡�•�‰�–�Š���„�‡�ˆ�‘�”�‡���–�Š�‡���„�—�Ž�„���‹�•���‹�•�ª�ƒ�–�‡�†���–�‘��
�’�”�‡�˜�‡�•�–���‹�•�ª�ƒ�–�‹�‘�•���‹�•���–�Š�‡���—�”�‡�–�Š�”�ƒ���ƒ�•�†���…�‘�•�•�‡�“�—�‡�•�–���–�”�ƒ�—�•�ƒ�ä�����Š�‡���	�‘�Ž�‡�›���„�—�Ž�„���•�Š�‘�—�Ž�†���„�‡���•�Ž�‘�™�Ž�›���‹�•�ª�ƒ�–�‡�†���™�‹�–�Š���–�Š�‡���†�‡�•�‹�‰�•�ƒ�–�‡�†���˜�‘�Ž�—�•�‡���‘�ˆ���•�–�‡�”�‹�Ž�‡���•�ƒ�Ž�‹�•�‡�ä�����Š�‡��
�…�ƒ�–�Š�‡�–�‡�”���…�ƒ�•���–�Š�‡�•���„�‡���‰�‡�•�–�Ž�›���’�—�Ž�Ž�‡�†���‘�—�–���‘�ˆ���–�Š�‡���—�”�‡�–�Š�”�ƒ���—�•�–�‹�Ž���–�Š�‡�”�‡���‹�•���”�‡�•�‹�•�–�ƒ�•�…�‡���ˆ�‡�Ž�–���™�Š�‡�•���–�Š�‡���	�‘�Ž�‡�›���„�—�Ž�„���‹�•���‹�•���–�Š�‡���•�‡�…�•���‘�ˆ���–�Š�‡���„�Ž�ƒ�†�†�‡�”�ä

• If a polypropylene catheter has been used to retropulse urethroliths into the bladder, this can be removed and a Foley catheter placed (this may not 
be possible if urethroliths are still present in the urethra and the polypropylene catheter bypassed them. In this case the catheter should be sutured 
in place).

• Drain urine from the bladder using a syringe, taking any samples required.
• ���–�–�ƒ�…�Š���ƒ���…�‘�Ž�Ž�‡�…�–�‹�‘�•���„�ƒ�‰�����ƒ���†�”�›�á���…�Ž�‡�ƒ�•�á���‡�•�’�–�›���ª�—�‹�†���„�ƒ�‰���ƒ�•�†���‰�‹�˜�‹�•�‰���•�‡�–���‹�•���ƒ�…�…�‡�’�–�ƒ�„�Ž�‡���‹�ˆ���ƒ���’�—�”�’�‘�•�‡�æ�†�‡�•�‹�‰�•�‡�†���„�ƒ�‰���‹�•���•�‘�–���ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡�����–�‘���–�Š�‡���—�”�‹�•�ƒ�”�›���…�ƒ�–�Š�‡�–�‡�”�ä��
• ���Ž�ƒ�…�‡���–�Š�‡���…�‘�Ž�Ž�‡�…�–�‹�‘�•���„�ƒ�‰���‘�•���ƒ���…�Ž�‡�ƒ�•���‹�•�…�‘�•�–�‹�•�‡�•�…�‡���’�ƒ�†���‘�•���–�Š�‡���ª�‘�‘�”�����•�‡�‡���	�‹�‰�—�”�‡���\�ä�Y�����‘�”���Š�‘�‘�•���–�‘���ƒ���•�‡�•�•�‡�Ž���†�‘�‘�”���Ž�‘�™�‡�”���–�Š�ƒ�•���–�Š�‡���’�ƒ�–�‹�‡�•�–���–�‘���ƒ�Ž�Ž�‘�™���ˆ�”�‡�‡���—�”�‹�•�‡��

drainage.  
• Alternatively, bung the urinary catheter.
• 19. DO NOT leave the urinary catheter open.
• ���”�ƒ�‹�•���—�”�‹�•�‡���‹�•���ƒ���•�–�‡�”�‹�Ž�‡���ˆ�ƒ�•�Š�‹�‘�•���‡�˜�‡�”�›���X���Š�‘�—�”�•���ƒ�•�†���”�‡�…�‘�”�†���–�Š�‡���˜�‘�Ž�—�•�‡���’�”�‘�†�—�…�‡�†���ƒ�•�†���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›�ä
• An Elizabethan collar may be required in some patients.

Urethral catheterization of the male dog.8.7

���”�‡�–�Š�”�ƒ�Ž���…�ƒ�–�Š�‡�–�‡�”�‹�œ�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���„�‹�–�…�Š���…�ƒ�•���„�‡���’�‡�”�ˆ�‘�”�•�‡�†���˜�‹�ƒ���ƒ���„�Ž�‹�•�†���–�‡�…�Š�•�‹�“�—�‡���‘�”���™�‹�–�Š���–�Š�‡���—�•�‡���‘�ˆ���ƒ���•�’�‡�…�—�Ž�—�•�ä�����Ž�–�Š�‘�—�‰�Š���„�‘�–�Š���ƒ�”�‡���’�‘�•�•�‹�„�Ž�‡���‹�•���–�Š�‡��
�•�‘�”�‹�„�—�•�†���…�‘�•�•�…�‹�‘�—�•���†�‘�‰�á���•�‡�†�ƒ�–�‹�‘�•���‹�•���‰�‡�•�‡�”�ƒ�Ž�Ž�›���”�‡�“�—�‹�”�‡�†���ˆ�‘�”���„�Ž�‹�•�†���’�Ž�ƒ�…�‡�•�‡�•�–�á���ƒ�•�†���•�‡�†�ƒ�–�‹�‘�•���‘�”���ƒ�•�ƒ�‡�•�–�Š�‡�•�‹�ƒ���‹�•���ƒ�Ž�•�‘�•�–���ƒ�Ž�™�ƒ�›�•���”�‡�“�—�‹�”�‡�†���ˆ�‘�”���’�Ž�ƒ�…�‡�•�‡�•�–���™�‹�–�Š��
the aid of a speculum. 

Blind catheterization

• Gently restrain the dog in lateral or sternal recumbency.
• ���Ž�‹�’���ƒ�•�›���Ž�‘�•�‰���Š�ƒ�‹�”���‹�•���–�Š�‡���”�‡�‰�‹�‘�•���‘�ˆ���–�Š�‡���˜�—�Ž�˜�ƒ���‹�ˆ���’�”�‡�•�‡�•�–���ƒ�•�†���…�Ž�‡�ƒ�•���–�Š�‡���ƒ�”�‡�ƒ���™�‹�–�Š���†�‹�Ž�—�–�‡���…�Š�Ž�‘�”�Š�‡�š�‹�†�‹�•�‡�ä
• ���•�‡�’�–�‹�…�ƒ�Ž�Ž�›���’�”�‡�’�ƒ�”�‡���Š�ƒ�•�†�•���ƒ�•�†���™�‡�ƒ�”���•�–�‡�”�‹�Ž�‡���‰�Ž�‘�˜�‡�•�ä
• �����•�–�‹�¡���’�‘�Ž�›�’�”�‘�’�›�Ž�‡�•�‡���…�ƒ�–�Š�‡�–�‡�”���‹�•���•�‘�•�–���ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡���‹�ˆ���…�ƒ�–�Š�‡�–�‡�”�‹�œ�ƒ�–�‹�‘�•���‹�•���„�‡�‹�•�‰���ƒ�–�–�‡�•�’�–�‡�†���‹�•���ƒ���’�ƒ�–�‹�‡�•�–���™�‹�–�Š���—�”�‡�–�Š�”�ƒ�Ž���‘�„�•�–�”�—�…�–�‹�‘�•�ä���	�‘�” 

long-term placement a soft silicone Foley catheter is more appropriate as it is less irritant and does not require suturing in place.
• ���Š�‡���—�•�‡���‘�ˆ���ƒ���‰�—�‹�†�‡�™�‹�”�‡���…�ƒ�•���„�‡���˜�‡�”�›���Š�‡�Ž�’�ˆ�—�Ž���‹�•���†�‹�”�‡�…�–�‹�•�‰���ƒ���	�‘�Ž�‡�›���…�ƒ�–�Š�‡�–�‡�”���‹�•�–�‘���–�Š�‡���—�”�‡�–�Š�”�ƒ�Ž���‘�”�‹�¤�…�‡�ä
• Sterile lubricant should be placed on the end of the catheter. 
• �
�‡�•�–�Ž�›���‹�•�–�”�‘�†�—�…�‡���–�Š�‡���‹�•�†�‡�š���¤�•�‰�‡�”�����ƒ���•�•�ƒ�Ž�Ž�‡�”���¤�•�‰�‡�”���•�ƒ�›���„�‡���”�‡�“�—�‹�”�‡�†���‹�•���˜�‡�”�›���•�•�ƒ�Ž�Ž���„�‹�–�…�Š�‡�•�����‘�ˆ���–�Š�‡���•�‘�•�æ�†�‘�•�‹�•�ƒ�•�–���Š�ƒ�•�†���‹�•�–�‘���–�Š�‡���˜�‡�•�–�‹�„�—�Ž�‡�ä��
• ���†�˜�ƒ�•�…�‡���‹�•�–�‘���–�Š�‡���˜�‡�•�–�‹�„�—�Ž�‡���ƒ�•�†���’�ƒ�Ž�’�ƒ�–�‡���ƒ�Ž�‘�•�‰���–�Š�‡���˜�‡�•�–�”�ƒ�Ž���ª�‘�‘�”���–�‘���Ž�‘�…�ƒ�–�‡���–�Š�‡���‡�š�–�‡�”�•�ƒ�Ž���—�”�‡�–�Š�”�ƒ�Ž���‘�”�‹�¤�…�‡�á���™�Š�‹�…�Š���‹�•���Œ�—�•�–���…�ƒ�—�†�ƒ�Ž���–�‘���–�Š�‡���—�”�‡�–�Š�”�ƒ�Ž���’�ƒ�’�‹�Ž�Ž�ƒ��

(palpable as a slight bulge of the mucosa).
• ���‹�–�Š���–�Š�‡���†�‘�•�‹�•�ƒ�•�–���Š�ƒ�•�†�á���‰�‡�•�–�Ž�›���ƒ�†�˜�ƒ�•�…�‡���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”�á���™�Š�‹�…�Š���•�Š�‘�—�Ž�†���„�‡���‰�—�‹�†�‡�†���˜�‡�•�–�”�ƒ�Ž���–�‘���–�Š�‡���•�‘�•�æ�†�‘�•�‹�•�ƒ�•�–���‹�•�†�‡�š���¤�•�‰�‡�”�ä
• Once in the urethra, the catheter should be gently advanced.

Urethral catheterization of the bitch. (continues)8.8
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�7�Y�L���Y�L�U�H�S���H�a�V�[�H�L�T�P�H
Pre-renal azotaemia results from inadequate renal perfu-
sion preventing effective excretion of nitrogenous waste. 
The kidneys will function if adequately perfused, generally 
allowing a rapid and simple resolution of the azotaemia 
once renal blood flow is restored. However, if renal perfu -
sion is impaired for a prolonged period, renal hypoxia  
can lead to acute tubular necrosis and the development  
of intrinsic AKI. Therefore, it is important to recognize 
patients with pre -renal azotaemia promptly and treat them 
effectively. Dehydration or hypoperfusion (see Chapters 3 
�H�U�K�� ������ �H�Y�L�� �[�O�L�� �T�V�Z�[�� �J�V�T�T�V�U�� �J�H�\�Z�L�Z�� �V�M�� �W�Y�L���Y�L�U�H�S�� �H�a�V�[�H�L-
mia in cats and dogs – i.e. there is inadequate fluid intake 
compared with losses (both normal and abnormal). 
�*�O�H�W�[�L�Y�� ���� �K�L�Z�J�Y�P�I�L�Z�� �[�O�L�� �W�O�`�Z�P�J�H�S�� �L�_�H�T�P�U�H�[�P�V�U�� �M�P�U�K�P�U�N�Z��
expected in hypovolaemic and dehydrated patients. 
Common underlying causes are listed in Figure 8.9.

The simplest way to differentiate a pre -renal from a 
renal azotaemia is to measure urine specific gravity using a 
refractometer. Cystocentesis is a straightforward proce -
dure to perform in both cats and dogs (described in Figure 
8.10), allowing a urine sample to be obtained quickly. 
Patients with a pre-renal azotaemia and normal renal func-
tion without prior administration of fluids or diuretics would 
be expected to have an elevated urine specific gravity, 
whereas patients with a renal azotaemia have inadequately 
concentrated urine (urine specific gravity between 1.008 
and 1.025). However, the clinician should be aware that 
several diseases prevent appropriate concentration of urine 
in the face of decreased renal perfusion, despite adequate 
renal function. Hypoadrenocorticism, hypercalcaemia and 
Escherichia coli sepsis can all cause pre-renal azotaemia  
in conjunction with isosthenuric urine, due to the primary 
disease interfering with renal urine concentrating mecha -
nisms. This is important as the azotaemia in these patients 
could be mistakenly attributed to intrinsic renal disease, 

(continued) Urethral catheterization of the bitch.8.8

Blind catheterization continued
• ���•�…�‡���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���‹�•���‹�•���–�Š�‡���„�Ž�ƒ�†�†�‡�”�á���—�”�‹�•�‡���•�Š�‘�—�Ž�†���ª�‘�™���ˆ�”�‡�‡�Ž�›�ä���	�‘�Ž�‡�›���…�ƒ�–�Š�‡�–�‡�”�•���•�Š�‘�—�Ž�†���„�‡���ƒ�†�˜�ƒ�•�…�‡�†���–�Š�‡���‡�•�–�‹�”�‡���Ž�‡�•�‰�–�Š���„�‡�ˆ�‘�”�‡���–�Š�‡���„�—�Ž�„���‹�•���‹�•�ª�ƒ�–�‡�†���–�‘��

�’�”�‡�˜�‡�•�–���‹�•�ª�ƒ�–�‹�‘�•���‹�•���–�Š�‡���—�”�‡�–�Š�”�ƒ���ƒ�•�†���…�‘�•�•�‡�“�—�‡�•�–���–�”�ƒ�—�•�ƒ�ä�����Š�‡���	�‘�Ž�‡�›���„�—�Ž�„���•�Š�‘�—�Ž�†���„�‡���•�Ž�‘�™�Ž�›���‹�•�ª�ƒ�–�‡�†���™�‹�–�Š���–�Š�‡���†�‡�•�‹�‰�•�ƒ�–�‡�†���˜�‘�Ž�—�•�‡���‘�ˆ���•�–�‡�”�‹�Ž�‡���•�ƒ�Ž�‹�•�‡�ä�����Š�‡��
�…�ƒ�–�Š�‡�–�‡�”���…�ƒ�•���–�Š�‡�•���„�‡���‰�‡�•�–�Ž�›���’�—�Ž�Ž�‡�†���‘�—�–���‘�ˆ���–�Š�‡���—�”�‡�–�Š�”�ƒ���—�•�–�‹�Ž���–�Š�‡�”�‡���‹�•���”�‡�•�‹�•�–�ƒ�•�…�‡���ˆ�‡�Ž�–���™�Š�‡�•���–�Š�‡���	�‘�Ž�‡�›���„�—�Ž�„���‹�•���‹�•���–�Š�‡���•�‡�…�•���‘�ˆ���–�Š�‡���„�Ž�ƒ�†�†�‡�”�ä

• Drain urine from the bladder using a syringe, taking any samples required.
• ���–�–�ƒ�…�Š���ƒ���…�‘�Ž�Ž�‡�…�–�‹�‘�•���„�ƒ�‰�����ƒ���†�”�›�á���…�Ž�‡�ƒ�•�á���‡�•�’�–�›���ª�—�‹�†���„�ƒ�‰���ƒ�•�†���‰�‹�˜�‹�•�‰���•�‡�–���‹�•���ƒ�…�…�‡�’�–�ƒ�„�Ž�‡���‹�ˆ���ƒ���’�—�”�’�‘�•�‡�æ�†�‡�•�‹�‰�•�‡�†���„�ƒ�‰���‹�•���•�‘�–���ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡�����–�‘���–�Š�‡���—�”�‹�•�ƒ�”�›���…�ƒ�–�Š�‡�–�‡�”�ä��
• ���Ž�ƒ�…�‡���–�Š�‡���…�‘�Ž�Ž�‡�…�–�‹�‘�•���„�ƒ�‰���‘�•���ƒ���…�Ž�‡�ƒ�•���‹�•�…�‘�•�–�‹�•�‡�•�…�‡���’�ƒ�†���‘�•���–�Š�‡���ª�‘�‘�”�����•�‡�‡���	�‹�‰�—�”�‡���\�ä�Y�����‘�”���Š�‘�‘�•���–�‘���ƒ���•�‡�•�•�‡�Ž���†�‘�‘�”���Ž�‘�™�‡�”���–�Š�ƒ�•���–�Š�‡���’�ƒ�–�‹�‡�•�–���–�‘���ƒ�Ž�Ž�‘�™���ˆ�”�‡�‡���—�”�‹�•�‡��

drainage.  
• Alternatively, bung the urinary catheter.
• DO NOT leave the urinary catheter open.
• ���”�ƒ�‹�•���—�”�‹�•�‡���‹�•���ƒ���•�–�‡�”�‹�Ž�‡���ˆ�ƒ�•�Š�‹�‘�•���‡�˜�‡�”�›���X���Š�‘�—�”�•���ƒ�•�†���”�‡�…�‘�”�†���–�Š�‡���˜�‘�Ž�—�•�‡���’�”�‘�†�—�…�‡�†���ƒ�•�†���•�’�‡�…�‹�¤�…���‰�”�ƒ�˜�‹�–�›�ä
• An Elizabethan collar may be required in some patients.

Visually guided catheterization
• ���Ž�ƒ�…�‡���–�Š�‡���†�‘�‰���‹�•���†�‘�”�•�ƒ�Ž���”�‡�…�—�•�„�‡�•�…�›���™�‹�–�Š���–�Š�‡���Ž�‡�‰�•���’�—�Ž�Ž�‡�†���…�”�ƒ�•�‹�ƒ�Ž�Ž�›�á���‹�•���•�–�‡�”�•�ƒ�Ž���”�‡�…�—�•�„�‡�•�…�›���™�‹�–�Š���–�Š�‡���Ž�‡�‰�•���Š�ƒ�•�‰�‹�•�‰���†�‘�™�•���ˆ�”�‘�•���–�Š�‡���‡�†�‰�‡���‘�ˆ���–�Š�‡���–�ƒ�„�Ž�‡���‘�”��

�‹�•���Ž�ƒ�–�‡�”�ƒ�Ž���”�‡�…�—�•�„�‡�•�…�›���™�‹�–�Š���–�Š�‡���Ž�‡�‰�•���’�—�Ž�Ž�‡�†���ˆ�‘�”�™�ƒ�”�†�ä
• ���”�‡�’�ƒ�”�‡���–�Š�‡���’�ƒ�–�‹�‡�•�–�á���…�Ž�‹�•�‹�…�‹�ƒ�•���ƒ�•�†���…�ƒ�–�Š�‡�–�‡�”���ƒ�•���†�‡�•�…�”�‹�„�‡�†���ƒ�„�‘�˜�‡�����¤�”�•�–���•�‹�š���’�‘�‹�•�–�•���ä
• ���—�„�”�‹�…�ƒ�–�‡���ƒ���˜�ƒ�‰�‹�•�ƒ�Ž���•�’�‡�…�—�Ž�—�•���™�‹�–�Š���•�–�‡�”�‹�Ž�‡���Ž�—�„�”�‹�…�ƒ�•�–�ä
• Introduce the speculum into the vulva and gently direct dorsally and cranially into the vestibule. 
• �����Ž�‹�‰�Š�–���•�‘�—�”�…�‡���ƒ�‹�†�•���˜�‹�•�—�ƒ�Ž�‹�œ�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���‡�š�–�‡�”�•�ƒ�Ž���—�”�‡�–�Š�”�ƒ�Ž���‘�”�‹�¤�…�‡�á���™�Š�‹�…�Š���‹�•���Ž�‘�…�ƒ�–�‡�†���•�‹�†�Ž�‹�•�‡���‹�•���–�Š�‡���…�”�ƒ�•�‹�ƒ�Ž���˜�‡�•�–�”�ƒ�Ž���˜�‡�•�–�‹�„�—�Ž�‡�ä��
• ���•�–�”�‘�†�—�…�‡���–�Š�‡���…�ƒ�–�Š�‡�–�‡�”���‹�•�–�‘���–�Š�‡���—�”�‡�–�Š�”�ƒ�Ž���‘�”�‹�¤�…�‡���—�•�†�‡�”���†�‹�”�‡�…�–���˜�‹�•�—�ƒ�Ž�‹�œ�ƒ�–�‹�‘�•���ƒ�•�†���–�Š�‡�•���ˆ�‘�Ž�Ž�‘�™���–�Š�‡���–�‡�•�–�Š���–�‘���•�‡�˜�‡�•�–�‡�‡�•�–�Š���’�‘�‹�•�–�•���ƒ�„�‘�˜�‡�ä

Cause of decreased 
renal perfusion

Examples

Loss of circulating 
volume

• Gastrointestinal (vomiting and diarrhoea) a

• Ascites a

• Blood loss a

• Heatstroke
• ���Ž�‡�—�”�ƒ�Ž���ª�—�‹�†
• Polyuria a

• Burns
• Diuretic use a

Decreased intake of 
�ª�—�‹�†

• ���•�ƒ�†�‡�“�—�ƒ�–�‡���™�ƒ�–�‡�”���‹�•�–�ƒ�•�‡�����•�‘�”�‡���…�‘�•�•�‘�•��
�™�‹�–�Š���‹�•�…�”�‡�ƒ�•�‡�†���™�ƒ�–�‡�”���†�‡�•�ƒ�•�†�á���‡�ä�‰�ä���…�Š�”�‘�•�‹�…��
kidney disease patients) a

Decreased cardiac 
output

• ���ƒ�”�†�‹�ƒ�…���ˆ�ƒ�‹�Ž�—�”�‡�����‘�ˆ�–�‡�•���™�‘�”�•�‡�•�‡�†���„�›���†�‹�—�”�‡�–�‹�…��
and ACE inhibitor use) a

• Obstructive shock
• Dysrhythmias

Vasodilation • Distributive shock
• Anaphylaxis
• Anaesthetic drugs
• Positive pressure ventilation
• Vasodilator therapy

Hyperviscosity • Polycythaemia
• Hyperproteinaemia/hyperglobulinaemia

Decreased renal 
�„�Ž�‘�‘�†���ª�‘�™

• ���Š�”�‘�•�„�‘�‡�•�„�‘�Ž�‹�•�•

Causes of pre-renal azotaemia. a Indicates the most common 
causes. ACE = angiotensin-converting enzyme.8.9

���›�•�–�‘�…�‡�•�–�‡�•�‹�•���…�ƒ�•���„�‡���’�‡�”�ˆ�‘�”�•�‡�†���„�Ž�‹�•�†���‘�”���™�‹�–�Š���—�Ž�–�”�ƒ�•�‘�—�•�†���‰�—�‹�†�ƒ�•�…�‡�ä��
���Ž�–�”�ƒ�•�‘�—�•�†���‰�—�‹�†�ƒ�•�…�‡���‹�•���’�”�‡�ˆ�‡�”�”�‡�†���‹�•���ƒ�•�‹�•�ƒ�Ž�•���™�Š�‡�”�‡���–�Š�‡���„�Ž�ƒ�†�†�‡�”���‹�•���•�‘�–��
palpable, for example in small or obese patients.

• ���Š�‡���’�ƒ�–�‹�‡�•�–���•�Š�‘�—�Ž�†���„�‡���¤�”�•�Ž�›���„�—�–���‰�‡�•�–�Ž�›���”�‡�•�–�”�ƒ�‹�•�‡�†�ä�����–���…�ƒ�•���„�‡��
standing or in lateral or dorsal recumbency as preferred by the 
clinician.

• If a sterile sample is required, the patient should be clipped and the 
�•�•�‹�•���ƒ�•�‡�’�–�‹�…�ƒ�Ž�Ž�›���’�”�‡�’�ƒ�”�‡�†���‘�˜�‡�”���–�Š�‡���”�‡�‰�‹�‘�•���™�Š�‡�”�‡���–�Š�‡���•�‡�‡�†�Ž�‡���‹�•���–�‘���„�‡��
introduced.

• A 21 or 23 G needle of appropriate length to pass through the body 
�™�ƒ�Ž�Ž���•�Š�‘�—�Ž�†���„�‡���ƒ�–�–�ƒ�…�Š�‡�†���–�‘���ƒ���•�›�”�‹�•�‰�‡�ä

• If ultrasound guidance is being used, the bladder should be 
�‹�†�‡�•�–�‹�¤�‡�†�ä�����Š�‡���•�‡�‡�†�Ž�‡���•�Š�‘�—�Ž�†���–�Š�‡�•���„�‡���‹�•�–�”�‘�†�—�…�‡�†���‹�•�–�‘���–�Š�‡���„�Ž�ƒ�†�†�‡�”��
�ƒ�•�†���–�Š�‡���—�”�‹�•�‡���ƒ�•�’�‹�”�ƒ�–�‡�†�ä�����Š�‡���•�‡�‡�†�Ž�‡���•�Š�‘�—�Ž�†���„�‡���˜�‹�•�‹�„�Ž�‡��
�—�Ž�–�”�ƒ�•�‘�•�‘�‰�”�ƒ�’�Š�‹�…�ƒ�Ž�Ž�›�ä�����‘���ƒ�…�Š�‹�‡�˜�‡���–�Š�‹�•�á���–�Š�‡���•�‡�‡�†�Ž�‡���•�Š�‘�—�Ž�†���„�‡���•�‡�’�–���‹�•��
the same plane as the ultrasound probe and the needle introduced 
adjacent to the probe.

• ���ˆ���…�›�•�–�‘�…�‡�•�–�‡�•�‹�•���‹�•���„�‡�‹�•�‰���’�‡�”�ˆ�‘�”�•�‡�†���™�‹�–�Š�‘�—�–���—�Ž�–�”�ƒ�•�‘�—�•�†���‰�—�‹�†�ƒ�•�…�‡�á��
the bladder should be palpated and then pushed caudally and 
�•�–�ƒ�„�‹�Ž�‹�œ�‡�†���™�‹�–�Š���–�Š�‡���•�‘�•�æ�†�‘�•�‹�•�ƒ�•�–���Š�ƒ�•�†�ä

• If the patient is in dorsal recumbency, the needle should be 
�‹�•�–�”�‘�†�—�…�‡�†���„�‡�–�™�‡�‡�•���–�Š�‡���…�ƒ�—�†�ƒ�Ž���–�™�‘���•�ƒ�•�•�ƒ�”�›���‰�Ž�ƒ�•�†�•�����•�‹�†�Ž�‹�•�‡���‹�•��
bitches and cats, and just lateral to the penis in male dogs).

• ���Š�‡���•�‡�‡�†�Ž�‡���•�Š�‘�—�Ž�†���„�‡���†�‹�”�‡�…�–�‡�†���‹�•�–�‘���–�Š�‡���„�Ž�ƒ�†�†�‡�”���…�ƒ�—�†�ƒ�Ž�Ž�›���ƒ�–���ƒ��
45-degree angle.

• Aspirate urine.
• Stop aspirating prior to removal of the needle.

Cystocentesis.8.10
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leading to inappropriate treatment or communication of an 
inaccurate prognosis to the owner. The azotaemia in these 
cases generally fully resolves with appropriate fluid therapy 
(although hypercalcaemia can cause intrinsic renal damage 
if it persists), as with all cases of pre -renal azotaemia.

It is common for patients with chronic kidney disease 
(CKD) to develop a pre-renal azotaemia due to dehydration 
if they do not drink enough to compensate for their poly-
uria or if they have a concurrent disease process such as 
gastroenteritis causing increased fluid loss. These patients 
also present with isosthenuric urine but have both a pre -
renal and a renal component to their azotaemia, with the 
extent of the renal component only becoming apparent 
once their fluid deficit has been restored.

Figure 8.1 lists methods of identifying a pre -renal azo-
taemia that can easily be performed in general practice. 
Less commonly used methods (generally requiring an 
external laboratory) of differentiating pre -renal and renal 
azotaemia include assessment of:

• Fractional excretion of sodium (FENa), which is 
calculated using the following equation:

 FENa = 100 x Naurinary x creatinineplasma 
 Naplasma x creatinineurinary  

(<1% consistent with pre-renal azotaemia and >1% 
consistent with renal azotaemia)

• Urine creatinine:plasma creatinine ratio (>20:1 
consistent with pre -renal azotemia and <10:1 
consistent with renal azotaemia).

Once an azotaemia has been recognized as being pre-
renal in origin, fluid therapy is generally indicated. Fluid 
therapy is not indicated, however, if the pre -renal azotae-
mia is due to primary cardiac disease causing low cardiac 
output; instead, drug therapy to increase cardiac output 
and thereby renal perfusion is indicated. If diuretic therapy 
is being administered to a patient with cardiac disease  
to treat pulmonary oedema, a temporary mild pre -renal 
azotaemia may be a byproduct of effective treatment, 
although this should be monitored closely as it is possible 
for the patient to develop intrinsic AKI in this situation. 
Other therapies that may be required in patients with a 
pre-renal azotaemia include pressor therapy in patients 
with distributive or anaphylactic shock (see Chapter 3), 
anti-dysrhythmic therapy (see Chapter 6), treatment for 
obstructive shock (e.g. pericardiocentesis or gastric 
decompression), adjustment of drug therapy (e.g. vasodil-
ator or anaesthetic drugs) and treatment of any underlying 
disease process.

Intrinsic AKI
Damage to the renal parenchyma can occur due to four 
different processes (Figure 8.11). The majority of intrinsic 
AKI is caused by ischaemic/nephrotoxic tubular necrosis 
and infection; however, the most common aetiologies in 
dogs and cats treated for AKI with haemodialysis were 
obstructive and unknown, respectively (Eatroff et al ., 2012). 
Retrospective studies have shown poor overall survival 
rates: 35% survival for feline AKI (Lee et al�������������������H�U�K����������
for canine AKI (Lee, 2011). The inclusion of haemodialysis 
as part of the management of AKI demonstrated similar 
survival rates: 50–60% for cats (Langston et al., 1997; 
Eatroff et al�������������������H�U�K�������¶���������Z�\�Y�]�P�]�H�S���M�V�Y���K�V�N�Z�����:�L�N�L�]��et 
al., 2008; Eatroff et al., 2012). Although IRIS AKI grading 
has not been applied to survival analysis, survival rates 

decrease as patients become more azotaemic, as strati -
fied by IRIS CKD staging, RIFLE (Risk, Injury, Failure,  
Loss, End-stage) classification, or other criteria (Lee et al., 
2011; Thoen and Kerl, 2011; Eatroff et al., 2012). Hospital-
acquired AKI has been shown to have a higher survival 
rate of 79% (Thoen and Kerl 2011).

Diagnostic approach to intrinsic AKI
Determining whether a patient has underlying CKD may be 
difficult during an ‘acute -on-chronic’ injury to the kidneys. 
Historical, physical and diagnostic results may help iden -
tify pre-existing renal disease (Figure 8.12). Dogs with 
chronic renal disease have often acclimated to a certain 
degree of uraemia and therefore will present with less 
severe clinical signs than a patient with AKI that has the 
same degree of azotaemia.

Historical questioning of the owner may provide infor -
mation regarding exposure to nephrotoxins (Figure 8.13). 
Travel history is important, to determine if the patient may 
have been exposed to infectious organisms (e.g. Lepto-
spira, Leishmania) that can cause renal injury. Recent 
events that may have been associated with hypotension 
(e.g. sedation, anaesthesia, vomiting, diarrhoea, trauma) 
are risk factors for AKI.

A complete physical examination should be performed, 
with particular attention given to determination of hydra -
tion and perfusion status, presence of renal pain, size  
and surface texture of the kidneys, the size of the urinary  

Diseases involving large renal vessels

• Renal artery thrombosis or vasculitis
• Renal vein compression (extra-renal)

Diseases of the renal microvasculature and glomeruli

• Glomerulonephritis 
• Vasculitis
• Hypertension
• Hypercalcaemia
• Disseminated intravascular coagulation
• Hyperviscosity syndrome

Ischaemic and nephrotoxic acute tubular necrosis

• Ischaemia caused by prolonged renal hypoperfusion
• Exogenous toxins (chemotherapy, radiocontrast agents, ethylene 

glycol, raisins)
• Endogenous toxins (myoglobin, haemoglobin)

Other acute processes involving the tubulointerstitium

• ���‡�‘�’�Ž�ƒ�•�–�‹�…���‹�•�¤�Ž�–�”�ƒ�–�‹�‘�•
• Infectious

Causes of acute intrinsic renal azotaemia.8.11

Parameter AKI CKD

History of PU/PD Usually none Present

Body condition 
score

Normal ���›�’�‹�…�ƒ�Ž�Ž�›���†�‡�…�”�‡�ƒ�•�‡�†

Renal size Normal to increased Decreased size
‘Big kidney/little kidney’ 
���—�•�‹�Ž�ƒ�–�‡�”�ƒ�Ž���¤�„�”�‘�•�‹�•���™�‹�–�Š��
ipsilateral hypertrophy)

Serum potassium Normal to elevated Decreased to normal

Haematocrit Haemoconcentrated
Blood loss anaemia (if 
uraemic ulcers are 
present)

Non-regenerative 
anaemia

���‹�¡�‡�”�‡�•�–�‹�ƒ�–�‹�•�‰���ƒ�…�—�–�‡���•�‹�†�•�‡�›���‹�•�Œ�—�”�›���������������ƒ�•�†���…�Š�”�‘�•�‹�…���•�‹�†�•�‡�›��
disease (CKD). PU/PD = polyuria/polydipsia.8.12
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perfusion. Persistence of clinical signs and biochemical 
abnormalities indicates intrinsic renal damage.

The blood chemistry panel typically shows increased 
plasma creatinine, urea and phosphorus concentrations. 
Creatinine is an insensitive marker of GFR in AKI because 
time is needed for creatinine to accumulate in the plasma, 
and levels typically peak 7–10 days after an initial ischae-
mic event. Hypercalcaemia may be present in animals with 
hypoadrenocorticism, vitamin D toxicity and neoplasia. 
Hypocalcaemia may be seen in patients with ethylene  
glycol toxicity and pancreatitis. Hyperglycaemia can also 
be seen in ethylene glycol toxicity. Hyperkalaemia may  
be seen in animals with hypoadrenocorticism (typically 
accompanied by hyponatraemia), as well as oliguric or 
anuric presentations of AKI. Some patients may have 
hyperkalaemia that is severe enough to cause cardiac dis -
turbances or death, and therefore should be recognized 
and treated immediately (see Chapter 5).

A complete blood count will provide information 
regarding the presence of anaemia or inflammation, as 
well as a platelet count. Haemoconcentration may be pre -
sent in dehydrated or hypovolaemic patients. If anaemia is 
present, a reticulocyte count should be performed to 
assess for regeneration; however, it may take 3–5 days 
after the initial acute onset of anaemia before reticulocytes 
are seen in the circulation. Therefore, a reticulocyte count 
should be repeated after sufficient time has passed to 
make sure that the patient was not in a pre -regenerative 
state. Note that with severe AKI, renal production of eryth -
ropoietin may be decreased, and most patients have non -
regenerative anaemia. Leucocytosis or leucopenia may 
indicate infectious or inflammatory disease; pyelonephritis 
should be considered a likely differential in this scenario. 
Thrombocytopenia can be seen with some glomerulone -
phropathies and infectious diseases such as leptospirosis. 
AKI is not commonly appreciated in rickettsial infections.

Urine volume is not helpful for initially differentiating the 
cause of azotaemia, due to the varying degree of pre -renal 
hypoperfusion that may be initially present. In animals with 
intrinsic AKI, urinalysis reveals isosthenuric (urine specific 
gravity 1.008–1.015) urine. Casts may be present on micro-
scopic examination and are typically classified as cellular, 
granular or waxy. Cellular casts are further classified 
based on the cell type they contain. White blood cell casts 
are seen in animals with acute tubular necrosis, glomerulo -
nephritis, pyelonephritis or nephrotic syndrome. Red blood 
cell casts are suggestive of vasculitis or glomeruloneph-
ritis. Epithelial casts represent tubular damage that is  
typically seen in acute tubular necrosis or an acute exuda -
tive glomerulonephritis. Granular casts are cellular casts 
that have undergone degradation. Glucosuria without 
hyperglycaemia represents proximal tubular dysfunction. 
This is not specific to any specific aetiology of AKI; how-
ever, pre-existing conditions such as Fanconi syndrome 
can produce the same urinalysis abnormalities (however, 
these do not typically cause AKI).

Abdominal radiography and ultrasonography should  
be obtained to evaluate renal size and architecture, and 
evidence of pyelonephritis, ureteral obstruction, ascites or 
bladder wall lesions. Particular attention should be paid to 
investigation for ureteral obstruction in cats (see below). 
Perirenal effusion has been associated with AKI; however, 
it is not specific to any aetiology. Intravenous pyelography 
with contrast agents should ideally be avoided in patients 
with AKI to avoid risks of contrast nephropathy; however, 
such studies may be necessary to diagnose ureteral 
obstruction and a balanced decision on the relative 
risk:benefit must be made for each individual patient. An 

Group Types

ACE inhibitors a All

Antibiotics Aminoglycosides (dose-dependent), 
carbapenems, cephalosporins, penicillins, 
quinolones, sulphonamides, tetracyclines

Antifungals Amphotericin B (sodium desoxycholate 
�ˆ�‘�”�•�—�Ž�ƒ�–�‹�‘�•���‹�•���•�‘�”�‡���–�‘�š�‹�…���–�Š�ƒ�•���•�‡�™�‡�”���Ž�‹�’�‹�†��
formulations)

Antivirals Aciclovir, cidofovir, indivir

Chemotherapeutics Cisplatin, carboplatin, doxorubicin, 
methotrexate, streptozotocin

Diagnostic contrast 
agents

Gadolinium, iohexol

Diuretics a All

Endogenous toxins Haemoglobin, myoglobin

Food/plant toxins Currants, grapes, lily plants, raisins 

Herbal supplements Akebia sp., Datura sp., Ephedra sp., Glycyrrhiza 
sp., Taxus celebica, Uno degatta

Immunosuppressives Ciclosporin, rapamycin, tacrolimus

Miscellaneous toxins Allopurinol, aminocaproic acid, 
bisphosphonates, dopamine, human 
intravenous immunoglobulin, hydroxyethyl 
starch, penicillamine, streptokinase, vitamin 
D-containing compounds

Non-steroidal 
�ƒ�•�–�‹�æ�‹�•�ª�ƒ�•�•�ƒ�–�‘�”�›��
drugs a

All

Organic compounds Ethylene glycol, herbicides, pesticides, 
solvents

Nephrotoxins. a At normal dosages, these drugs have little 
�•�‡�’�Š�”�‘�–�‘�š�‹�…�‹�–�›���‹�•���™�‡�Ž�Ž���Š�›�†�”�ƒ�–�‡�†�á���‡�—�˜�‘�Ž�ƒ�‡�•�‹�…���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š��

normal renal function. Risk of toxicity greatly increases in states of 
�Š�›�’�‘�’�‡�”�ˆ�—�•�‹�‘�•�á���ƒ�…�…�‹�†�‡�•�–�ƒ�Ž���‘�˜�‡�”�†�‘�•�‡�á���ƒ�•�†���‹�•���’�ƒ�–�‹�‡�•�–�•���™�‹�–�Š���”�‡�•�ƒ�Ž��
impairment. ACE = angiotensin-converting enzyme.

8.13

bladder, and the presence of ascites or peripheral 
oedema. Moderately and severely azotaemic animals are 
often mildly hypothermic (typically 36.7–37.8°C), therefore  
normothermia (particularly in oliguric or anuric patients) 
may be considered as potential fever (Ash, 1991). Uraemic 
patients often have xerostomia (which may persist even in 
hypervolaemia), thereby making mucous membrane mois -
ture an inaccurate metric of hydration status. Dehydration 
and hypovolaemia are common in AKI due to renal or  
gastrointestinal fluid losses.

Initial diagnostics should include a complete blood 
count, chemistry profile with electrolytes, urinalysis,  
blood pressure and imaging of the kidneys using ultra -
sonography  and radiography. A urine sample obtained  
via cysto centesis should be submitted for aerobic culture 
and susceptibility testing prior to the administration of 
antibiotics. Leptospira testing should be performed when 
appropriate; a combination of urine and/or blood poly-
merase chain reaction (PCR) and serology should be per-
formed. Many dogs will have negative or ‘normal’ initial 
antibody titres, therefore, convalescent titres should be 
�L�]�H�S�\�H�[�L�K�� ���¶���� �^�L�L�R�Z�� �H�M�[�L�Y�� �P�U�P�[�P�H�S�� �W�Y�L�Z�L�U�[�H�[�P�V�U���� �7�Y�L�]�P�V�\�Z��
vaccination can produce positive titre results; therefore, a 
�����M�V�S�K���P�U�J�Y�L�H�Z�L���P�U���H�U�[�P�I�V�K�`���[�P�[�Y�L�Z���K�V�J�\�T�L�U�[�L�K���V�U���H���J�V�U�]�H-
lescent sample is suggestive of active disease. PCR 
results can be false-negative if the test has been submit -
ted after antibiotic therapy has been initiated.

Many patients present with some degree of hypo  - 
vo laemia or dehydration, making the initial differentiation 
between pre-renal and intrinsic renal AKI difficult. Pre-
renal azotaemia should resolve after restoration of renal 
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obstructed kidney will have decreased (or absent) GFR, 
thus resulting in diminished contrast uptake, making the 
interpretation of an intravenous pyelogram difficult. Anter-
ograde pyelography may carry a smaller risk of contrast 
nephropathy and avoids the problem of diminished con -
trast uptake by the affected kidney. However, anterograde 
pyelography requires deep sedation, if not anaesthesia, 
and carries risks of urine leakage and haemorrhage.

Treatment of intrinsic AKI
The first step in the treatment of intrinsic AKI is to with -
draw any nephrotoxic drugs. Similarly, drugs with potential 
nephrotoxicity should be avoided at all costs in patients 
with AKI. Intravenous fluids have long been revered as the 
cornerstone of AKI treatment. Patients should be assessed 
for hypoperfusion and this should be corrected according 
to its underlying cause (see above in treatment of pre -renal 
AKI). Only after hypovolaemia and dehydration have been 
corrected is measurement of urine output useful as an 
estimate of renal function.

The goal of intravenous fluid therapy is to restore renal 
perfusion. In polyuric patients this may require hourly fluid 
rates of three or more times normal maintenance require -
ments, depending on the intravascular volume deficit and 
ongoing losses through urine output. Close monitoring of 
cardiovascular and respiratory parameters, bodyweight, 
presence of oedema and urine output should be per -
formed. In oliguric and anuric patients, measurement of 
central venous pressure may be helpful in recognizing 
hypervolaemia, as well as monitoring response to intra-
venous fluid challenge. Contrary to common dogma, fluid 
therapy does not increase renal function. Fluid rates of 10 
ml/kg/h of an isotonic crystalloid resulted in no change in 
GFR in healthy anaesthetized dogs (Boscan et al., 2010).

The kidney is an encapsulated organ and can be 
severely adversely affected by fluid congestion and in -
creased venous pressures, which can result in decreased 
renal blood flow and GFR. Thus, fluid overload must be 
prevented. Urinary catheterization with a closed collection 
system is critical in initial monitoring of fluid status (see 
Figures 8.3 and 8.6 to 8.8). Frequent comparison of the  
volume of intravenous fluid administered with urine output 
‘ins and outs’ is crucial to monitor for oliguria or anuria and 
for prevention of fluid overload. Blood pressure and body -
weight should be recorded several times daily and trends 
monitored for hypovolaemia or hypervolaemia. Clinical 
signs of fluid overload include swollen conjunctiva (chemo -
sis), serous ocular and nasal discharge, subcutaneous 
oedema (often particularly evident around the hocks in 
dogs), pulmonary oedema and ascites.

The initial fluid choice should be an isotonic crystalloid. 
Normal strength (0.9%) saline should be used in hyper-
calcaemic patients, as it may result in enhanced calciur-
esis. Shock doses of crystalloids should be administered 
for rapid correction of hypovolaemia, hypotension and 
�O�`�W�V���W�L�Y�M�\�Z�P�V�U�� ���Z�L�L�� �*�O�H�W�[�L�Y�� �������� �*�V�Y�Y�L�J�[�P�V�U�� �V�M�� �K�L�O�`�K�Y�H�[�P�V�U��
�Z�O�V�\�S�K���I�L���W�L�Y�M�V�Y�T�L�K���V�]�L�Y���[�O�L���M�P�Y�Z�[�������¶�������O�V�\�Y�Z�����(�M�[�L�Y���M�S�\�P�K��
deficits have been replaced, in order to maintain normo -
natraemia, the administered fluid should be transitioned to 
a maintenance fluid with a lower sodium chloride concen -
�[�Y�H�[�P�V�U�� �Z�\�J�O�� �H�Z�� ������������ �5�H�*�S���� �H�S�[�O�V�\�N�O�� �M�S�\�P�K�Z�� �^�P�[�O�� �]�L�Y�`�� �S�V�^��
�V�Y�� �H�I�Z�L�U�[�� �Z�V�K�P�\�T���� �Z�\�J�O�� �H�Z�� ������������ �5�H�*�S�� �H�U�K�� ���¶������ �K�L�_-
trose, should be avoided. Potassium supplementation in 
intravenous fluids should be avoided or used cautiously  
in oliguric or anuric patients, as decreased urine output 
typically results in decreased potassium excretion, putting 
these patients at high risk of developing hyperkalaemia. 

Conversely, polyuric AKI often results in significant hypo-
kalaemia, requiring significant potassium supplementation. 
Synthetic colloids should be used cautiously, as they have 
been shown to be an independent risk factor for develop -
ing AKI in humans (Mutter et al., 2013).

Patients should be given intravenous antibiotic therapy 
while urine culture results are pending. Initial empirical 
choice of antibiotic may be made based on suspicion of 
the underlying organism (Gram stain of a urine sample), or 
should be broad -spectrum. Once culture results are 
received, antibiotic therapy should be refined; alternatively, 
if urine culture is negative but pyelonephritis is still strongly 
suspected, broad -spectrum coverage should be contin -
ued. Leptospira are typically sensitive to penicillin and  
tetracycline-class antibiotics, as well as azithromycin. Note 
that many antibiotics have decreased excretion during 
states of renal impairment, thus requiring adjustment of 
dosage, frequency, or both. Tables of dosing guidelines 
are available in human medical textbooks and should be 
evaluated prior to administration. While drug pharmaco-
kinetics may be different in feline and canine patients com -
pared with humans, particular attention should be paid to 
drug dosing, particularly with drugs that have a small  
window of safety (e.g. fluoroquinolones in cats).

Blood pressure should be monitored and hypotension 
or hypertension should be treated appropriately (see 
Chapter 6). Hypertension can lead to renal sclerosis and 
failure to recover renal function. The development of 
hypertension throughout hospitalization is quite common, 
despite initial patient normotension, and is often sugges -
tive of hypervolaemia (Geigy et al., 2011). 

Nutrition is integral to supportive care and should be 
started early during hospitalization. Enteral feeding is  
preferable to ensure the health of enterocytes and to avoid 
the morbidity associated with parenteral nutrition. How  ever, 
in nauseated patients with protracted vomiting, short -term 
parenteral nutrition should be initiated until enteral feeding 
is possible. Additional supportive care including antiemetics 
(e.g. maropitant, ondansetron, metoclopramide) and ant-
acids is recommended. Decreased renal clearance of gas -
trin may promote the development of gastric ulceration and 
appropriate therapy should be instituted when necessary. 
Histamine-2 receptor antagonists require dosage adjust -
ment in patients with renal impairment, whereas proton 
pump inhibitors (omeprazole, pantoprazole, eso  meprazole) 
do not. This, along with their superior effect in gastric acid 
neutralization, suggests proton pump inhibitors to be the 
more favourable therapeutic option in patients with AKI. 
Nausea is common in uraemic patients, therefore antiemetic 
medications should be used to help provide patient comfort 
and prevent vomiting. Gastro  intestinal ileus is often present, 
particularly in hyper  volaemic patients. Prokinetic medica -
tions, such as metoclopramide, should also be considered.

Patient comfort and pain scoring should be performed 
and adequate analgesia should be achieved. Urinary obs-
tructive disease, hypervolaemia, gastrointestinal ileus and 
ulceration are all painful conditions commonly occurring 
with uraemia. Opioid analgesics are a good initial choice; 
however, therapy should be individualized to the patient.

Anuria, oliguria and polyuria
Thorough monitoring should be performed to try to prevent 
a hypervolaemic state while ensuring maintenance of suffi -
cient intravascular volume to optimize renal perfusion. 
Intravenous fluid therapy as well as water within enteral 
nutrition can precipitate hypervolaemia in oligoanuric 
patients, and polyuric patients are often less complicated 
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to manage while hospitalized. Most clinicians will try to 
convert an oligoanuric patient to a polyuric state. However, 
there is no evidence to suggest that increased urine output 
secondary to pharmacological intervention increases renal 
function in terms of GFR. Oligoanuria and failure to convert 
to polyuria may however represent a more severe renal 
injury; retrospective veterinary studies often show a higher 
mortality in these patients compared with polyuric patients. 
The pharmacological attempt to convert to poly  uria should 
not delay a referral for renal replacement therapy.

Renin–angiotensin–aldosterone system activation in 
response to a volume-depleted state should result in de -
creased urine production. Therefore, urine output should 
be determined after hypovolaemia and dehydration have 
been corrected. Numerous definitions of oligoanuria  
have been proposed in the veterinary and human literature. 
The majority of renal injuries will result in a polyuric state; 
urine production <2 ml/kg/h should be considered oliguria. 
Urine production <0.25 ml/kg/h can be considered anuria.

Mannitol is an osmotic diuretic that results in transcell-
ular shift of water, causing extracellular volume expansion. If 
it enters the glomerular filtrate, mannitol may increase tubu -
lar flow, which may maintain polyuria and help relieve intra -
tubular obstruction from casts and debris. Theoretically, it 
can improve GFR and inhibit sodium reabsorption in the 
kidney by inhibiting renin release. The transcellular shift of 
water may result in hyponatraemia (via dilution of plasma)  
as well as hyperkalaemia (via solute drag), therefore man-
nitol should be used cautiously in patients with these  
pre-existing electrolyte disturbances. Mannitol is initially 
administered as a slow intravenous bolus of 0.25–1.0 g/kg. If 
urine production increases, mannitol may be administered 
as a constant rate infusion (CRI) of 1–2 mg/kg/min i.v. or 
���������¶�������� �T�N���R�N�� �P���]���� �X���¶���O�� �P�U�[�L�Y�T�P�[�[�L�U�[�� �I�V�S�\�Z�� �[�O�L�Y�H�W� �̀���
Contraindications to mannitol therapy include intracellular 
dehydration as well as hypervolaemia. Human consensus 
guidelines suggest that mannitol should be avoided in 
humans with anuric AKI because of the risk of volume over -
load and hyperoncotic kidney injury if there is no urine out -
put (Kellum et al., 2008).

Loop diuretics are commonly used to increase urine 
output and minimise damage to the renal tubular cells. By 
inhibiting the Na-K-2Cl transporter on the luminal surface 
of the thick ascending loop of Henle, these drugs have 
been thought to decrease oxygen consumption and lessen 
ischaemic damage. Additionally, by increasing urine flow, 
they may also reduce tubular obstruction. In order to be 
effective, these diuretics need to reach the tubular filtrate, 
which may not occur during anuric states. Controlled 
human studies have shown that furosemide was ineffective 
or even harmful when given to prevent AKI, can increase 
the risk of AKI when given to prevent contrast nephro  pathy, 
and is associated with an increased risk of death and non -
recovery of renal function in established AKI (Mehta et al., 
2008). The causality between furosemide administration 
and the development of AKI is yet to be determined; how-
ever, renal vasoconstriction due to reduced preload and 
decreased renal medullary perfusion has been observed 
(Levi et al., 2012). Despite these potential drawbacks, furo -
semide is still used in veterinary patients because it has 
been shown to convert some oliguric patients to polyuria, 
which facilitates management, especially if renal replace -
ment therapy (RRT) is not avail able. An initial dose of  
2 mg/kg i.v. of furosemide may be attempted, and bolus 
dose ranges of 2–6 mg/kg have been suggested. Increased 
urine output should be evident within 1 hour after adminis -
tration. If effective, repeated bolus administration every 6–8 
hours or a CRI of 0.25–1 mg/kg/h can be initiated.

Dopamine (0.5–3 �+g/kg/min) has been advocated for 
the management of oliguric AKI via renal vasodilation, 
although it has not been proven to be effective in human 
studies. In addition, even at low doses, dopamine is poten -
tially toxic in critically ill patients and can induce tachy-
arrhythmias and myocardial ischaemia. Based on these 
data, dopamine is not currently recommended for treating 
AKI in humans. Use of dopamine should be avoided in  
veterinary AKI due to a lack of documented benefit and  
the risk of adverse complications.

Fenoldopam is a selective postsynaptic dopamine 
receptor (D1) agonist that causes more potent renal vaso -
dilation and natriuresis than dopamine. A placebo con -
trolled study demonstrated fenoldopam increases FE Na 
and GFR in healthy dogs (Kelly et al., 2016). However, it 
can also promote hypotension by decreasing systemic 
vascular resistance. A study in healthy cats showed that 
�H�U�� �H�]�L�Y�H�N�L�� �����M�V�S�K�� �P�U�J�Y�L�H�Z�L�� �P�U�� �\�Y�P�U�L�� �V�\�[�W�\�[�� �V�J�J�\�Y�Y�L�K��
approximately 20 hours after fenoldopam (0.5 mg/kg/min 
for 2 hours i.v.) administration (Simmons et al., 2006). Only 
one retrospective study has been published evaluating 
fenoldopam in azotaemic animals; its usage was not asso-
ciated with improved survival in animals with AKI (Neilsen 
et al., 2015).

Renal replacement therapy
Indications for RRT include symptomatic uraemia, acido -
sis, hyperkalaemia, or volume overload that is refractory 
�[�V�� �T�L�K�P�J�H�S�� �T�H�U�H�N�L�T�L�U�[�� ���-�P�N�\�Y�L�� �������������� �9�L�M�L�Y�Y�H�S�� �M�V�Y�� �[�O�L�Z�L��
conditions should occur early, as a delay in extracorporeal 
therapy results in higher morbidity and mortality in human 
studies. RRT includes peritoneal dialysis (PD) and extra-
corporeal therapy such as intermittent haemodialysis 
(IHD) (Figure 8.15) and continuous renal replacement  
therapy (CRRT).

• Inadequate urine production
• ���‹�ˆ�‡�æ�–�Š�”�‡�ƒ�–�‡�•�‹�•�‰���’�—�Ž�•�‘�•�ƒ�”�›���‘�‡�†�‡�•�ƒ���‘�”���ª�—�‹�†���‘�˜�‡�”�Ž�‘�ƒ�†
• Hyperkalaemia or other life-threatening electrolyte or acid–base 

disturbance
• Progressive/refractory azotaemia
• Diuretic-resistant congestive heart failure or severe overhydration 

in the absence of renal disease
• ���…�—�–�‡���’�‘�‹�•�‘�•�‹�•�‰���†�”�—�‰���‘�˜�‡�”�†�‘�•�‡���™�‹�–�Š���ƒ���•�—�„�•�–�ƒ�•�…�‡���–�Š�ƒ�–���…�ƒ�•���„�‡��

removed by dialysis

Indications for renal replacement therapy.8.14

A dog undergoing intermittent haemodialysis.8.15
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Peritoneal dialysis has historically been performed 
more commonly in veterinary medicine due to its relative 
‘low tech’ requirements and the sparse availability of  
haemodialysis. This is changing with the development  
of worldwide RRT centres (see www.asvnu.org for a cur -
rent list of veterinary hospitals). Referral for RRT is recom-
mended wherever possible but, if unavailable, PD is still 
worth considering. PD temporarily replaces renal excretory 
function by using the peritoneum as the semipermeable 
membrane across which unwanted solutes are eliminated. 
This is performed by inserting a multilumen catheter into 
the peritoneum and instilling a dialysate fluid. Dialysate is 
infused into the abdomen, and time is allowed for redistri -
bution of solutes into the dialysate fluid before removal, 
and a new cycle is begun. This process is described in 
excellent detail elsewhere (Bersenas, 2011). PD is contrain-
dicated in patients with intra -abdominal conditions that 
prevent safe dialysate exchange, such as abdominal wall 
trauma and peritoneal infections or adhesions that lead to 
loss of more than 50% of the peritoneal surface. PD is also 
contraindicated in severe catabolic states in which marked 
hypoalbuminaemia exists, because large amounts of pro -
tein can be lost through the peritoneum during dialysis. 
The most frequent complications are the development of 
peritonitis (reported in 22% of veterinary patients), catheter 
occlusion, excessive protein loss, pleural effusion and  
dialysis disequilibrium syndrome.

Dialysis disequilibrium syndrome is a neurological com -
plication that has been reported in both PD and IHD 
patients. The exact cause is unknown; however, the prevail -
ing theory suggests that rapid removal of urea from the 
intravascular space results in an expected parallel decrease 
in serum osmolality, though the removal of urea and other 
uraemic toxins from the central nervous system is slower. 
Thus, the brain parenchyma will have a higher osmolality 
than the serum, resulting in cerebral oedema. Clinical signs 
�V�M�� �K�P�H�S�`�Z�P�Z�� �K�P�Z�L�X�\�P�S�P�I�Y�P�\�T�� �T�H�`�� �I�L�� �Z�L�L�U�� �K�\�Y�P�U�N�� �V�Y�� �\�W�� �[�V�� ������
hours after a dialysis session, and may include agitation, 
altered mentation, seizures and even death due to cerebral 
herniation. CRRT is thought to have an inherent decreased 
risk of causing dialysis disequilibrium due to the slow 
removal of uraemic toxins from the intravascular space.

Extracorporeal therapies require specific training for 
successful patient management. IHD and CRRT differ in 
their rate of solute removal, duration of therapy, intensity of 
treatment, cost and required equipment. Excellent reviews 
have recently been published regarding extracorporeal 
blood purification in veterinary medicine (Aceirno, 2011; 
Bloom and Labato, 2011). In human medicine, studies have 
shown no significant difference in mortality and morbidity 
when comparing patients treated with IHD or CRRT. Both 
therapies perform blood purification via diffusion and/or 
convection across a dialyser (artificial kidney). Patients 
must receive anticoagulant therapy to prevent coagulation 
in the disposable blood tubing or dialyser. Anticoagulation 
is most commonly performed using unfractionated heparin 
as a CRI during a dialysis session. Regional anticoagulation 
using citrate and calcium gluconate can be performed to 
produce blood that is anticoagulated while within the extra -
corporeal circuit, and preventing systemic anticoagulation 
of the patient. This technique is most commonly used in 
hypocoagulable patients already at risk of haemorrhage or 
coagulation complications.

The dialysis prescription must be made for each indi -
vidual patient, accounting for uraemia, volume status, 
electrolyte disturbances and acid–base status. Survival 
�Y�H�[�L�Z�� �V�M�� �]�L�[�L�Y�P�U�H�Y�`�� �K�P�H�S�`�Z�P�Z�� �H�]�L�Y�H�N�L�� �H�Y�V�\�U�K�� �����¶�������"�� �O�V�^-
ever, the prognosis varies depending upon the underlying 

aetiology. Infectious and obstructive causes typically have 
the best prognosis, whereas toxic aetiologies carry less 
favourable outcomes. The reported survival rate of 
patients treated with renal replacement therapy is particu -
larly notable, as nearly all of these animals had already 
failed medical management. Numerous toxins, notably 
ethylene glycol and the toxic component of lily plants, can 
be removed via renal replacement therapy, thus preventing 
prolonged exposure and helping to prevent systemic toxic -
ity (Monaghan and Acierno, 2011). Haemoperfusion can 
also be performed to remove some toxins that are more 
extensively protein bound, such as some NSAIDs. This 
process involves the addition of a charcoal filter to the 
extracorporeal circuit, through which blood passes.  
The charcoal non-specifically adsorbs toxins and facili -
tates their removal.

�7�V�Z�[���Y�L�U�H�S���H�a�V�[�H�L�T�P�H
A post-renal azotaemia can occur secondary to dysfunc -
tion of the ureter(s), bladder or urethra. Inability to void 
urine results in the same metabolic and electrolyte distur -
bances as intrinsic renal dysfunction, but often treatment 
of the underlying pathology is easier and more effective.

Ureteric obstruction
Obstruction of a single ureter does not lead to azotaemia 
unless there is concurrent pathology in another part of the 
renal or urinary system, as a decrease in GFR of greater 
than 75% is required before azotaemia develops. However, 
this is not uncommon, as ureteral obstruction most fre -
quently occurs due to ureterolithiasis in cats and dogs, and 
if a cat or dog is prone to urolith formation then repeated or 
bilateral obstruction episodes can occur. Studies suggest 
that permanent renal damage results after ureteral obstruc -
tion for 7 days in dogs (Berent, 2011) and so CKD can 
develop. Cats therefore often present with one enlarged  
kidney (with ureteric obstruction and hydro  nephrosis) and 
one small kidney (with CKD) noted on physical examination. 
Dogs more commonly present with renal pain noted on 
physical examination. 

Ureteric obstruction is confirmed with diagnostic imag -
ing. Radiography can reveal radiopaque ureteroliths (the 
vast majority of ureteroliths in cats, and approximately 50% 
in dogs, are reported to be radiopaque calcium oxalate) 
(Figure 8.16). Performing a warm water enema (phosphate 
enemas are contraindicated in the azotaemic patient) may 
be beneficial to aid visualization of ureteroliths, as the colon 
overlies the ureteral path on radiographs.

Lateral abdominal radiograph demonstrating many ureteral 
calculi in a cat. Note the decreased size of the left kidney and 

the presence of renoliths suggestive of chronic kidney disease.

8.16
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Abdominal ultrasonography can sometimes demon -
strate ureteroliths, but more commonly hydronephrosis 
and ureteral dilatation proximal to the obstruction are  
visualized, although this may take several days to develop. 
The combination of abdominal radiography and ultra-
sonography has been demonstrated to have the highest 
sensitivity in finding feline ureteroliths (Kyles et al., 2005).

Treatment of ureteroliths is not straightforward. A con -
servative approach with fluid therapy to attempt to ‘flush’ 
the stone can be used and should be initiated once the 
diagnosis has been made even if more invasive therapy is 
planned. Drug therapy (including mannitol, furosemide, 
alpha-adrenergic antagonists, amitriptyline and glucagon) 
is sometimes used in conjunction with fluid therapy. One 
study reported that fluid therapy in conjunction with diur-
etics resulted in resolution of the ureteral obstruction in 
fewer than 10% of cats (Kyles et al., 2005). If medical man-
agement fails to result in passage of the ureterolith within 
�����¶������ �O�V�\�Y�Z�� �V�Y�� �P�M�� �[�O�L�� �W�H�[�P�L�U�[�� �P�Z�� �K�L�[�L�Y�P�V�Y�H�[�P�U�N�� �V�Y�� �J�S�P�U�P�J�H�S�S�`��
unstable, then interventional therapy is recommended. 
Various options are available:

• Ureterotomy:  Sometimes in conjunction with ureteral 
re-implantation into the bladder, this has been the 
traditional surgical method used for ureteroliths. This is 
technically a very demanding surgery requiring an 
operating microscope and experienced surgeons. 
Complications include ureteral oedema, re -obstruction 
and uroabdomen due to leakage from the surgical site

• Ureteral stent placement:  This involves placing a 
stent either in a retrograde fashion via a cystotomy (or 
cystoscopy in dogs) or anterograde via the renal pelvis 
into the obstructed ureter. In some circumstances the 
stent is placed via a ureterotomy in cats. The ends of 
the stent sit in the renal pelvis and the bladder and the 
stent bypasses the obstruction. The stents are 
designed for temporary use in humans but are not 
removed in cats and dogs unless a complication 
occurs. The most common complication is dysuria

• Subcutaneous ureteral bypass:  This technique 
involves connecting the renal pelvis to the bladder via a 
nephrostomy tube and a cystotomy tube, both 
tunnelled subcutaneously and connected via a special 
port. This is a quicker and simpler technique than stent 
placement and is thought to be associated with fewer 
complications (Berent, 2011)

• Nephrostomy tube placement: This  can provide 
temporary management of a patient with a suitably 
enlarged renal pelvis (>10 mm) prior to referral for 
definitive treatment. They can also be used as a 
treatment strategy as the decrease in renal pelvic and 
ureteral pressures may relieve ureteral spasm and 
oedema, leading to ureterolith movement. The risk of 
tube dislodgement is significant and so complication 
rates are higher than with other management methods 
(Kyles et al., 2005)

• Lithotripsy: Either extracorporeal or via ureteroscopy, 
can be used to administer shockwaves to a ureterolith 
and fragment it. However, in cats without ureteral 
dilatation, the fragments produced are still too large to 
pass down the ureter and so this therapy is often 
unsuccessful.

Ureteroscopy can be performed in some large dogs 
with ureteral dilatation and this allows direct lithotripsy of 
ureteroliths or ballooning of strictures.

Although ureteroliths are the most common cause of 
ureteral obstruction, other possibilities include iatrogenic 

obstruction (most commonly following ovariohysterec -
tomy), idiopathic strictures, blood clots and neoplasia. The 
treatment options described above can also be used for 
these disease processes.

Rupture of the urinary tract
Trauma can lead to damage to any part of the urinary sys -
tem, from the kidney to the urethra, resulting in urine leak -
age. Urinary tract damage and leakage can also occur 
iatrogenically, most commonly secondary to urethral cath -
eterization, overzealous manual expression (often in com-
bination with urethral obstruction) or surgery of the urinary 
tract. Regardless of the underlying cause, uroretroperito -
neum (due to leakage from the kidney(s) or proximal 
ureter(s) with an intact peritoneum), uroabdomen (due to 
leakage from the distal ureter(s), bladder or proximal ure -
thra) and/or urine accumulation in the area of the caudal 
ventral abdomen and hindlimbs (due to urethral damage) 
can all result. The most commonly traumatized locations 
are the bladder and urethra. It is important to note that a 
palpable bladder and the ability to void a stream of urine 
without gross evidence of haematuria does not preclude 
bladder or urethral trauma or indeed urinary tract rupture 
at any point.

Urinary tract rupture should be suspected in any  
animal with azotaemia and hyperkalaemia after trauma, 
particularly if the patient was previously healthy. Pelvic 
fractures and/or haematuria in the post -trauma patient or a 
history of a traumatic urethral catheterization should also 
prompt the clinician to consider the possibility of a rupture. 
Free abdominal fluid can be rapidly identified ultrasono -
graphically, although blind abdominocentesis should be 
performed if ultrasonography is not available and uroabdo -
men is suspected (see Chapter 11).

Once abdominal fluid is obtained the levels of creati -
nine, potassium and urea can be checked and compared 
with plasma levels. In dogs, a ratio of creatinine in abdomi -
�U�H�S���M�S�\�P�K���[�V���[�O�H�[���P�U���W�S�H�Z�T�H���V�M���™���!�����H�U�K���H���Y�H�[�P�V���V�M���W�V�[�H�Z�Z�P�\�T��
�P�U�� �H�I�K�V�T�P�U�H�S�� �M�S�\�P�K�� �[�V�� �[�O�H�[�� �P�U�� �W�S�H�Z�T�H�� �V�M�� �™�������!���� �O�H�]�L�� �I�L�L�U��
shown to be strongly suggestive of uroabdomen (Schmiedt 
et al., 2001). Cytological examination of the fluid should 
also be performed immediately, as the fluid may be septic 
if concurrent gastrointestinal tract injury is present, or if a 
urinary tract infection was previously present.

Once the patient has been stabilized (see ‘Emergency 
management of the AKI patient’ above) a contrast study 
can be performed to identify the location of the rupture. 
Given that urethral or bladder rupture are the most likely 
causes of uroabdomen, a retrograde urethrocystogram is 
the most appropriate study. If there is no evidence of leak -
age then an intravenous urogram can be performed, but 
care should be taken that the patient is adequately stabi -
lized and that suspicion for renal or ureteral trauma is very 
high, as radiopaque contrast agents are nephrotoxic and 
could initiate or worsen AKI.

Management of urinary tract rupture depends on the 
site of damage. Initial stabilization is the same for all 
patients, however. Fluid therapy is required to correct any 
hypovolaemia or dehydration. Placement of a urethral 
catheter (see Figures 8.3 and 8.6 to 8.8) if possible allows 
urine drainage in patients with urethral or bladder rupture, 
either by bypassing the leak or by preventing bladder filling 
and therefore leakage. Many urethral ruptures are partial 
and therefore catheterization is often possible and should 
be attempted. If a uroabdomen is present then drainage of 
the abdominal fluid can aid correction of hyperkalaemia 
(and azotaemia, although this is of lesser importance). 
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Drainage of a uroabdomen (with or without placement of a 
peritoneal drain) can often be performed in a conscious 
patient as the procedure is not unduly painful or distress -
ing and the patient is usually quiet due to their underlying 
disease process (see Chapter 11 for details of therapeutic 
abdominocentesis).

If renal damage causing urine leakage is present then 
a ureteronephrectomy is generally required. Ureteral rup -
ture may be treated by ureteral reimplantation into the 
bladder if the damage is sufficiently distal, but again 
uretero nephrectomy is often required. Bladder rupture 
usually requires surgical repair, although very minor rents, 
e.g. due to a complication of cystocentesis, can be man -
aged with urethral catheter placement and continuous 
bladder drainage for several days. Urethral tears can 
occur secondary to trauma (often seen in conjunction with 
pelvic fractures) or iatrogenically after attempted urethral 
catheterization. Surgical repair may be required but ure -
thral tears can often be managed conservatively via the 
maintenance of a urethral catheter. If unable to place a 
urethral catheter in a retrograde fashion, fluoroscopy can 
be used to assist in passing a guide wire from the bladder 
through the urethra in an anterograde fashion, allowing 
the wire to now serve as a guide for retrograde placement 
of the urethral cath  eter (see Figures 8.3 and 8.6 to 8.8). 
There is a risk of urethral stricture with either surgical or 
conservative management of urethral tears.

In patients with complicated urethral or bladder  
rupture, tube cystotomy may be useful to allow temporary 
urinary diversion. This can allow stabilization of the patient 
prior to referral or provide time for inflammation to 
decrease prior to definitive surgical therapy. Cystotomy 
tube placement is fairly straightforward using a mush -
room-tipped catheter placed into the ventral aspect of the 
bladder through a stab incision made in the centre of a 
purse-string suture, which is then tightened to secure the 
catheter. The catheter should exit the body wall through a 
paramedian incision.

Urethral obstruction
Urethral obstruction is a common emergency presentation 
in male cats but is very rare in queens. Feline lower urinary 
tract disease (FLUTD) is a term used to cover a wide range 
of disorders affecting the bladder or urethra of cats, 
including urolithiasis, bacterial infections, neoplasia, ure -
thral plugs and idiopathic disease. Despite the variation in 
underlying causes, the resulting clinical signs are similar 
and include dysuria, stranguria, haematuria (macroscopic 
and microscopic), pollakiuria and periuria (Hostutler et al ., 
2005). Cats affected with FLUTD can develop urethral 
obstruction, with the most frequent cause of obstruction 
being a urethral plug (made up of protein, erythrocytes, 
leucocytes and crystals) or idiopathic cystitis. Urolithiasis, 
neoplasia and strictures can also cause obstruction.

Although not seen as frequently as in male cats, ure -
thral obstruction is not uncommon in male dogs. 
Obstruction in the bitch occurs very rarely. Obstruction is 
generally secondary to urolithiasis in dogs with a strong 
genetic predisposition to urolith formation, for example 
urate urolithiasis in Dalmatians due to decreased hepatic 
transport of urate preventing an adequate rate of conver -
sion to allantoin. Dogs with congenital portosystemic 
shunts are also predisposed to urate urolithiasis.

Both dogs and cats affected with urethral obstruction 
often have a history of straining to pass urine (although this 
can be mistaken for straining to pass faeces in cats and 
may not even be noticed by the owners of cats that do not 

use a litter tray). On physical examination a large, tense 
bladder is easily palpable in cats and often noted in dogs. 
Presentation varies from complete stability to cardiovas-
cular collapse due to hyperkalaemia and acidosis. It is rare 
for dogs to develop clinically significant hyperkalaemia.

All patients with urethral obstruction require a full and 
thorough physical examination, initially focusing on the 
major body systems as life -threatening hyperkalaemia may 
be present (see Chapter 5 for management). The patient 
should be stabilized while preparation for sedation and 
urethral catheterization is made. An intravenous catheter is 
placed and bolus intravenous fluid therapy with either 
0.9% NaCl or Hartmann’s solution is appropriate (as 
�K�L�Z�J�Y�P�I�L�K�� �P�U�� �*�O�H�W�[�L�Y�� �������� �7�L�Y�M�V�Y�T�P�U�N�� �J�`�Z�[�V�J�L�U�[�L�Z�P�Z�� ���Z�L�L��
Figure 8.10) in these patients is contentious, as there is a 
risk of causing rupture of a compromised bladder or a uro -
abdomen through leakage from the cystocentesis site. 
Cystocentesis is generally not necessary unless urethral 
catheterization fails.

The majority of cats require sedation to allow urethral 
catheterization (see Figures 8.3 and 8.6) but in those that 
are severely collapsed this may not be necessary. In these 
patients, urethral catheterization should be performed as 
rapidly as possible concurrent with attempts to stabilize 
the patient’s cardiovascular system through fluid and drug 
therapy (see Chapter 5 for emergency management of 
hyperkalaemia). In most cats, however, adequate sedation 
is important to allow passage of the urinary catheter, both 
to prevent patient movement and also to increase urethral 
relaxation. A sedation protocol of 0.25 mg/kg midazolam 
with 2.5 mg/kg ketamine i.v. is often effective, but if the cat 
is not fully sedated a further 2.5 mg/kg ketamine can be 
administered. If the obstruction is marked then general 
anaesthesia may be appropriate to give more time for 
catheterization to be performed. Sedation (e.g. 0.3 mg/kg 
butorphanol i.v. with or without 0.02 mg/kg acepromazine 
in a stabilized dog) or more commonly full general anaes-
thesia is generally required for urethral catheterization of 
the obstructed dog (see Figures 8.7 and 8.8). If urethral 
catheterization is not possible, an alternative to repeated 
cystocenteses is placement of a cystotomy tube as 
described above.

Once a urethral catheter has been placed, the patient 
should be monitored closely during recovery from sedation 
or anaesthesia. Those that were cardiovascularly collapsed 
prior to urethral catheterization often have a prolonged 
recovery. If insulin was used to control hyperkalaemia its 
action can be surprisingly prolonged in these patients (even 
if neutral insulin was used) and so monitoring for hypogly -
caemia is important. A post -obstruction diuresis is com -
mon and so urine output should be closely monitored. 
Initially, monitoring urine output every hour is advisable  
and fluid therapy should be titrated so that dehydration 
and/or hypovolaemia does not develop – i.e. ‘ins’ should 
match ‘outs’.

The diuresis leads to hypokalaemia in most cases so 
monitoring serum potassium is important, with supple -
mentation required in the isotonic fluids. Patients should 
be kept comfortable with analgesia; until the patient is fully 
stable, opioid analgesia such as buprenorphine is appro -
priate. NSAIDs can be used once the patient is no longer 
azotaemic and is eating and drinking normally.

Antibiotics are not routinely required by patients with 
urethral obstruction unless bacteria or severe pyuria are 
seen on urine sediment examination (it is worth noting that 
urine dipsticks designed for humans are inaccurate for 
assessing the presence of white blood cells in feline urine). 
If bacterial infection is suspected, urine should be cultured 
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to allow appropriate antibiosis to be used and a broad 
-spectrum antibiotic such as potentiated amoxicillin used 
whilst awaiting results. Although urinary catheter bacterial 
colonization is common, this generally does not lead to an 
ongoing bacterial urinary infection once the catheter is 
removed. Therefore, urine culture, if performed, should be 
�Z�\�I�T�P�[�[�L�K�� �H�[�� �S�L�H�Z�[�� ������ �O�V�\�Y�Z�� �W�V�Z�[�� �J�H�[�O�L�[�L�Y�� �Y�L�T�V�]�H�S���� �<�Y�P�U�L��
culture is generally indicated only if the patient is showing 
clinical signs consistent with a urinary tract infection. 
However, any urolith or plug obtained during catheteriza -
tion should be cultured and analysed for chemical make -
up to allow appropriate therapy. The presence of crystals 
in feline urine on sediment examination is of little diagnos -
tic significance, however, and their presence should not be 
interpreted as the definitive cause of obstruction.

Urolith analysis is extremely important in dogs, as uro -
lithiasis is the most common cause of urethral obstruction, 
and dietary management is often required to prevent 
recurrence of the disease. Cystotomy or lithotripsy (if the 
patient and the cystoliths are of an appropriate size) is 
required after de-obstruction in dogs and some cats, 
although this can be delayed once a urinary catheter has 
been placed. Surgery can then be performed once the 
owners and clinicians are ready or referral to an institution 
that performs lithotripsy can be arranged.

Repeat urethral obstruction is a common problem in 
cats and there is debate over the optimum length of time 
for urinary catheterization. It is likely that it is patient -
dependent and that the catheter should remain in situ  at 
least until the urine being produced is no longer sanguine -
ous. Recurrence of obstruction is reported to occur in 
20–60% of cats. Once the urinary catheter has been 
removed the patient should be monitored closely for signs 
of re-obstruction, although whether this should be done in 
the hospital is debatable given the role of stress in the 
FLUTD syndrome. Cats with idiopathic cystitis have been 
shown to have an imbalance between the sympathetic 
nervous system and cortisol production (Dru Forrester and 
Roudebush, 2007) and therefore decreasing stress is 
thought to be an important component of management of 
these cases. If the patient is discharged prior to demon -
strating adequate urination, the owner must be made 
aware of the importance of monitoring the patient closely 
and the risk of re-obstruction. Muscle relaxant drugs such 
as phenoxybenzamine (0.5–1 mg/kg orally q12h), prazosin 
(0.25–1 mg/cat orally q8–12h) and dantrolene (0.5–2 mg/kg 
orally q12h) have all been shown to decrease feline urethral 
pressure experimentally. A retrospective study found an 
association between prazosin use and decreased rate of 
re-obstruction compared with the use of phenoxyben -
zamine in clinical patients (Hetrick and Davidow, 2013). 
Factors associated with an increased risk of feline urethral 
obstruction include obesity, being fed a dry food and 
being an indoor cat, so changing these factors if possible 
may reduce the risk of recurrence.

Non-obstructive lower urinary tract disease
In patients presenting with dysuria, stranguria, pollakiuria, 
haematuria and/or periuria the priority is to confirm 
whether urethral obstruction is present; this is generally 
obvious through the identification of a large, tense bladder 
on physical examination. If it is not then other differentials 
need to be considered, including feline idiopathic cystitis, 
bacterial cystitis, neoplasia, prostatic disease, perineal 
hernia and urolithiasis. After obtaining a full history and 
performing a thorough physical examination, assessment 
of a urine sample obtained via cystocentesis (see Figure 

8.10) is generally required. Urinalysis with cytological 
examination and dipstick and assessment of urine specific 
gravity, with or without urine culture, will aid narrowing of 
differentials and the choice of either appropriate sympto -
matic treatment or further diagnostics. In feline patients 
with non-obstructive idiopathic cystitis, urinalysis can be 
unremarkable but haematuria and pyuria are fairly com -
mon findings (Defauw et al., 2011). These cases are often 
therefore suspected to be bacterial cystitis and treated 
unnecessarily with antibiotics. If bacteria are not seen on 
cytological examination of a cystocentesis urine sample 
then it is recommended that culture is performed prior to 
initiation of antibiotic therapy. Bacterial cystitis is more 
common in dogs, and symptomatic therapy with broad -
spectrum antibiotics such as potentiated amoxicillin may 
be appropriate if it is the patient’s first presentation with 
suspected bacterial cystitis. If repeated episodes occur 
then investigation for an underlying cause and culture of a 
urine sample obtained via cystocentesis is recommended.

�9�L�[�Y�V�Å�L�_�L�K���I�S�H�K�K�L�Y���P�U���W�L�Y�P�U�L�H�S���O�L�Y�U�P�H
Perineal hernias are generally seen in older male dogs, 
although they are also seen in bitches and cats. Bladder 
retroflexion is reported to occur in 20–25% of dogs with 
perineal hernias, resulting in stranguria. Although post -renal 
azotaemia is not uncommon in these patients, hyperkalae -
mia and cardiovascular instability are rare. Bladder retro -
flexion can be confirmed fairly easily with ultrasono  graphy, 
but radiography can also be diagnostic if ultrasonography is 
not available, with the use of a positive or negative contrast 
cystogram if required. If the patient is unable to void urine 
then a urinary catheter should be placed with care. Due to 
the displacement of the bladder there is an increased risk of 
iatrogenic damage to the urethra and bladder. Once a cath -
eter is in situ the bladder should be drained and the catheter 
kept in place until surgical repair of the hernia is performed. 
If a catheter cannot be passed then perineal cystocentesis 
can be performed to allow decompression of the bladder, 
which often results in the clinician being able to reposition 
the bladder with manual pressure on the perineal region. If 
this is successful, urinary catheterization should be per -
formed. If the bladder cannot be replaced in the abdomen, 
the patient should undergo surgery and a cystopexy may be 
performed along with perineal hernia repair and castration 
of entire male dogs.
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Neurological emergencies

Charles Vite and Evelyn Galban

Diseases of the nervous system may manifest acutely and 
necessitate immediate intervention. Alternatively, they may 
develop over time; in this scenario it is still essential that 
they be identified and treated at an early stage to prevent a 
chain of events that could result in a self-propagating dete -
rioration in the patient’s condition. A review of the more 
common neurological emergencies in companion animals 
is presented below.

Performing an emergency 
neurological examination
Whenever possible, it is best to perform a full neurological 
examination early in the patient’s evaluation. However, if 
time is of the essence, an abbreviated neurological exam -
ination can be performed that will give enough information 
to draw up a problem list, localize the lesion(s) and prior -
itize care.

Broadly speaking, the abbreviated emergency neurolog -
ical examination involves evaluation of three components:

• Ambulation
• Mental status
• Cranial nerve function.

Ambulation
• Is the animal walking? If yes, is the animal walking 

normally or abnormally? If abnormally, is the animal 
ataxic? How many limbs are affected: pelvic limbs, all 
four, or one side of the body? Is there circling, or is the 
animal walking compulsively or head pressing?

• If the animal is not walking, is there evidence of 
voluntary motor function in the affected limbs?

• Is there involuntary motor function (i.e. seizure activity)?
• A brief postural ability test should be performed on 

each limb: ability to replace a knuckled-over paw and 
hopping are sufficient.

• Withdrawal reflexes should be assessed in all four 
limbs. While this is being performed, look for conscious 
recognition of stimulation (e.g. head turning, vocalizing) 
in addition to palpating the limb for muscle tone and 
evidence of muscle atrophy. Loss of conscious 
recognition of pain (known as deep pain) is a 
concerning sign (see section on Pelvic limb paresis and 
paralysis). It is important to note that an intact 

withdrawal response does not indicate an intact spinal 
cord pain pathway.

Before moving the animal for additional tests, be sure 
to evaluate the history for possible traumatic fracture/luxa -
tions (i.e. hit by car, falls) and take necessary precautions if 
suspected (see Head trauma section).

Mental status
• Assess the level of consciousness of the animal. Alert? 

Depressed? Sleepy but rousable by voice/touch? 
Unrousable?

• Look for response to a single clap of the hands. Does 
the animal sit up/turn around? Do the ears twitch? Is 
there no response?

• Look for response to touching around the face, 
especially the nasal planum, medial canthus of the 
eyes, and ears.

• If there is no response to either sound or touch, look for 
a response to noxious stimulus (e.g. pinch the nasal 
planum or lips with haemostats. As before, look for 
conscious recognition when performing withdrawal 
responses).

Cranial nerve function
In an emergency, testing of the following cranial nerves 
(CN) is often sufficient to localize the lesion and provide an 
indication of the severity of clinical signs at the same time. 
The cranial nerves that should be tested include:

• Menace response (CN II/visual pathway): is there a 
blink (CN VII) and/or retraction (CN VI) of the globe 
when the eye is menaced?

• Pupil size (CN III): look for symmetry and note size 
(small, medium, large)

• Pupillary light reflex (CN II/III): look for response to light 
(direct and consensual)

• Examine the oculovestibular reflex (CN III/IV/VI/VIII): 
look for normal physiological nystagmus when the 
head is moved horizontally and vertically. Also look for 
abnormal nystagmus when the head is at rest and 
positional nystagmus when the patient’s position is 
altered (e.g. turned on its back)

• Assess for a gag reflex (CN IX/X/XII)
• The ocular fundus should also be examined for the 

presence of chorioretinitis or papilloedema.
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Triaging the neurological 
patient
Following the neurological examination, it should be pos -
sible to localize the patient’s lesion into one or more of the 
following categories (Figure 9.1):

• Intracranial:
• Abnormal mental status
• Seizure activity
• Abnormal cranial nerve examination
• Compulsive pacing/head pressing (if walking)

• Spinal. Normal mentation with:
• C1–C6: proprioceptive deficits in all four limbs, normal 

or exaggerated withdrawal reflexes in all four limbs
• C6–T2: proprioceptive deficits in all four limbs (usually 

worse in pelvic limbs), normal or exaggerated 
withdrawal reflexes in pelvic limbs but abnormal/
reduced withdrawal reflexes in the forelimbs

• T3–L3: proprioceptive deficits in pelvic limbs only, 
normal or exaggerated withdrawal reflexes in the 
pelvic limbs

• L4–S3: proprioceptive deficits in the pelvic limbs, 
reduced or absent withdrawal reflexes in the pelvic 
limbs, possible urinary/faecal incontinence and 
reduced anal sphincter tone

• Peripheral nerve:
• Proprioceptive deficits in one or more limbs with 

decreased withdrawal reflexes
• Normal mentation
• Hypoventilation possible

• Multifocal:
• Neurological dysfunction indicating involvement of 

more than one region.

Further specific detail of the neurological examination 
findings and subdivision of the categories mentioned 
above can be found in Figure 9.1. 

Prioritizing care
The results of the neurological examination help to iden -
tify which parts of the nervous system show evidence of 
malfunction. The next step is to determine what disease 
process is likely to be causing the neural dysfunction. 
This may not always be possible in the emergency room 
environment; therefore, the clinician should attempt to 
identify problems that can immediately endanger the life 
of the patient, which include loss of consciousness and 
coma, head trauma and seizures or status epilepticus. 
These will be addressed first in this chapter.

Vascular disease, while common in human patients, 
infrequently results in critical disease in veterinary 
patients. Metabolic encephalopathies, vestibular and cere -
bellar disorders, diseases causing paraparesis or tetra -
paresis, and diseases causing episodic weakness or 
abnormal neuromuscular function are unlikely to result in 
the sudden death of the patient. However, failure to iden -
tify these disorders and institute appropriate therapy 
promptly may result in deterioration of the patient with 
possible life-long consequences. For example, it is com -
mon for a client to discontinue further therapy once a dog 
with neuromuscular disease deteriorates to the point of 
developing aspiration pneumonia. It is also common for a 
client to elect to euthanase a dog that is paraplegic but 
otherwise normal. Spinal cord and neuromuscular dis -
orders will be presented at the end of this chapter.

Loss of consciousness and coma
Stupor is a state of depressed consciousness in which 
the animal is responsive only to strong, often noxious 
stimuli. Coma is a state of unconsciousness in which the 
animal is not aroused even by noxious stimuli. Both may 
result from severe, bilateral and diffuse dysfunction of the 
cerebral hemispheres and/or destructive or compressive 
lesions of the brainstem involving the ascending reticular 
activating system.

Evaluation of the stuporous or comatose 
patient
The neurological examination should be used to localize  
the likely site of the pathology (cerebrum or brainstem) lead -
ing to the stupor/coma. Regardless of neurolocalization,  
gait and postural ability are non-existent in stuporous  
or comatose animals. Segmental reflexes are normal or 
hyperreflexive.

Cerebral hemispheres/diencephalon
Cranial nerves:  Diffuse bilateral disease of the cerebral 
hemispheres and diencephalon may cause blindness and 
bilaterally miotic pupils that are responsive to light. No 
abnormalities of physiological nystagmus are found.

Other:  Cheyne–Stokes respiratory pattern may occur  
(periods of tachypnoea interspersed with prolonged 
apnoea). Rhythmic walking movements may be elicited if 
the animal is supported.

Brainstem
Cranial nerves: Dependent on the precise location and 
extent of the abnormality, there is variable cranial nerve 
involvement. The animal may or may not respond to visual 
testing. Unilateral or bilateral fixed mid-position or dilated 
pupils, ipsilateral or bilateral ventrolateral strabismus, and 
abnormal or absent physiological nystagmus may occur. 
Absent physiological nystagmus may be a poor prognostic 
sign in animals with brainstem disease. Physiological  
nystagmus occurs as a result of vestibular centre projec -
tions via the medial longitudinal fasciculus (MLF) to the 
nuclei of CN III, IV and VI. The MLF runs deep within  
the brainstem, and as a result, lesions that are severe 
enough to disrupt the MLF indicate severe brainstem dam -
age. However, depressed or absent oculovestibular move -
ments have also been seen in some animals with severe 
metabolic disease, and have resolved following therapy of 
the underlying metabolic defect. Signs of CN V–XII dys -
function may occur.

Other:  Apnoea or hyperventilation may occur. A decere -
brate posture may be seen, manifested by extension of all 
four limbs and opisthotonos.

Causes and treatment of stupor or coma
Diffuse dysfunction of the cerebral hemispheres
Inflammatory diseases, lysosomal storage diseases, meta-
bolic diseases, neoplasia with associated oedema, infec -
tion and hydrocephalus can cause signs of diffuse 
cerebral hemisphere/diencephalic dysfunction. Treatment 
is directed at the inciting cause and at decreasing intra -
cranial pressure (ICP) (see Head trauma below).
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Brainstem disease
Destructive brainstem disease:  Neoplasia and encepha-
litis of the brainstem may result in an acute or progressive 
onset of brainstem dysfunction. Chemotherapy, antimicro -
bials/antifungals or anti-inflammatories may be required. 
Trauma and haemorrhage in the brainstem may also result 
in acute onset of dysfunction. Traumatic brainstem haem -
orrhage or thrombosis is treated by support of the patient 
with careful monitoring. When haemorrhage is due to an 
underlying coagulopathy this should be treated specifically 
if possible, while thrombosis might require anticoagulant 
therapy (see Chapter 13).

Herniation: Neoplasia, inflammation (e.g. canine distem-
per virus, granulomatous meningoencephalitis, necrotizing 
encephalitis, feline infectious peritonitis, toxo  plas mosis/
neosporosis, mycotic diseases) or trauma of the cerebral 
hemispheres may result in increased ICP, unilateral or 
bilateral occipital lobe herniation and brainstem compres -
sion. Herniation is often preceded by hours to days of  
progressive cerebral hemisphere/diencephalon dysfunc -
tion, including progressive depression of consciousness. 
Occipital lobe herniation is suspected if there is develop -
ment (over hours to days) of unilateral or bilateral non-
responsive dilated or mid-position pupils, progressive loss 
of physiological nystagmus, and alterations in respiratory 
patterns.

Interestingly, significant occipital lobe herniation can 
occur even in the absence of clinical signs (Walmsley et al., 
2005). Herniation of the cerebellum through the foramen 
magnum may result in apnoea. Increases in ICP causing 
herniation should be treated without delay by the methods 
discussed in the section on head trauma.

Metabolic causes
Metabolic disease and toxins rarely result in neurological 
deficits that indicate discrete lesions of the nervous  
system. Rather, bilaterally symmetrical deficits that suggest 
diffuse cerebrocortical dysfunction or diffuse brain disease 
are usual. Signs are often progressive. Evidence of vision is 
present until stupor is profound or coma occurs. Pupils are 
responsive and usually of normal diameter but may be 
bilaterally miotic. Physiological nystagmus is generally  
present unless profound stupor or coma occurs. Metabolic 
causes for stupor or coma include diabetic coma, hepatic 
encephalopathy, hypo- and hypernatraemia, hypoglycae -
mia, hypothyroid coma, hypoxia, renal encephalopathy and 
thiamine deficiency (see below). Toxic causes include 
heavy metals, ethylene glycol, barbiturates, narcotics, iver -
mectin and tranquillizers. Intoxication is treated by gastric 
lavage, activated charcoal, specific antidotes and chelating 
agents, and by support of the patient (see Chapter 19).

Vascular causes
Stupor or coma may result from infarction/haemorrhage  
of the midbrain, or from infarction/haemorrhage in the cere  -  
bral hemispheres and diencephalon, resulting in in  creased 
ICP and occipital lobe herniation. Causes of cerebro  - 
vas cular accidents in animals include trauma, metastatic 
neoplasia, coagulation disorders, cardiac disease, hyper -
tension, parasitic emboli and feline ischaemic encephalo -
pathy, although an underlying cause is not usually identified. 
In a study of 33 dogs with brain infarction, a concurrent 
medical condition was found in only just over half the  
dogs (Garosi et al., 2005). Predisposing vascular disease, 

common in humans, is rare in animals. If vascular disease is 
suspected the following diagnostics should be considered: 
cardiology evaluation, coagulation screens, endocrine test -
ing, serial blood pressure measurement and evaluation for 
metastatic disease. Infarction is treated by supporting the 
patient, treating any underlying disease and decreasing ICP.

Head trauma
A global assessment of the patient must be performed, 
paying specific attention to ensuring that the airway is  
patent, providing respiratory support if necessary and 
maintaining cardiovascular function. Ideally, the initial 
assessment should be performed on a board or firm table 
where the neck and back can be immobilized and 
assessed for fractures or luxations. Manipulation for radio -
graphy of any suspicious areas should be done with care. 
The nasal cavity, ear canals and nasopharyngeal region 
should be examined for haemorrhage, which may imply a 
skull fracture with the possibility of entry of bacteria into 
the brain. The jugular vein should not be used to collect 
blood since even temporary occlusion may increase ICP.

Neurological assessment
In general, trauma to the cerebral hemispheres causes 
less severe neurological dysfunction and a better progno -
sis than trauma to the brainstem. Trauma to the cerebellum 
alone is uncommon.

The progression of clinical signs over time plays a large 
role in determining prognosis. In humans, the Glasgow 
Coma Scale is used to classify traumatic brain injury into 
mild, moderate and severe, as well as to provide asso -
ciated prognosis. A modified veterinary version of the scale 
with associated prognosis scores patients from a guarded 
prognosis (1) to good (18) (Shores, 1983). A retrospective 
study of 38 dogs evaluated the prognostic value of this 
modified Glasgow Coma Scale. The score of the patient 
was found to predict the probability of survival in the first 
48 hours after head trauma in an almost linear fashion and 
with 50% probability of survival in patients with a score of 8 
(Platt et al., 2001).

Deterioration of mental status may indicate increasing 
ICP and the possibility of impending brain herniation, 
therefore immediate therapeutic intervention is necessary. 
Prolonged (greater than 48–72 hours) stupor or coma  
suggests severe brainstem disease and indicates a poor 
prognosis. In general, pupillary abnormalities which 
become normal over time are a good prognostic sign; 
pupils which change to mydriasis or to mid-position and 
are unresponsive to light, and loss of normal physiological 
nystagmus are poor prognostic signs indicating oedema, 
herniation and compression of the brainstem, warranting 
more aggressive intervention.

Progressive alterations in breathing patterns, or in-
creases in mean arterial blood pressure accompanied by 
bradycardia, may indicate increases in ICP requiring imme -
diate therapy.

Intracranial pressure
The objective of management of head trauma is to prevent 
the brain from undergoing any further insult due to ischae -
mia, inflammatory mediators or the effects of increased 
ICP. Findings indicative of raised ICP include papill -
oedema, abnormal pulsing of retinal vessels, depression, 
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stupor or coma, and elevated blood pressure with a low 
heart rate (the Cushing reflex). ICP is rarely measured 
directly in small animal patients, therefore, increased ICP 
is frequently suspected but rarely confirmed.

ICP is the pressure exerted by tissues and fluids 
within the cranial vault. In normal animals, ICP ranges 
between 5 and 12 mmHg. Three ‘compartments’ exist 
within the skull: brain parenchyma (80%), blood (10%), 
and cerebrospinal fluid (CSF) (10%). If ICP is to remain 
constant, an increase in the volume of one of these  
components must be accompanied by a decrease in the 
volume of one (or both) of the others. In most diseases 
affecting the brain, a volume increase occurs in one or 
more compartments. Most commonly, this is in the form 
of cerebral oedema that adds to the volume of brain 
parenchyma, although haemorrhage and hydrocephalus 
can also add to the volumes of blood and CSF, respec -
tively. In the initial stages of an increase in intracranial 
volume, mechanisms exist to minimize the consequent 
rise in ICP, first by displacing CSF out of ventricles  
into the spinal subarachnoid space, and then by reducing 
the blood volume contained within cerebral vessels. 
However, once this initial compliance has been exhausted, 
small increases in volume of any compartment result in 
large increases in ICP in an exponential fashion.

A separate, but related, concept is that of cerebral per -
fusion pressure (CPP). CPP determines the cerebral blood 
flow (CBF) and therefore the delivery of oxygen and nutri -
ents to brain tissue. CPP is defined by the following 
equation:

CPP = MAP – ICP

where MAP is mean arterial pressure. 

In patients with MAP in the range 50–150 mmHg,  
ICP is maintained within normal limits by the phenom -
enon of pressure autoregulation: as blood pressure rises, 
vasoconstriction occurs to minimize the volume of blood 
within the cerebral vasculature and thus prevent 
increases in ICP. Conversely, if ICP rises, autoregulation 
of cerebral perfusion should result in an elevation of MAP 
in an attempt to maintain CPP. This increased MAP may 
then provoke a baroreceptor-mediated bradycardia, the 
so-called Cushing reflex. However, if ICP rises exces -
sively, autoregulatory mechanisms may not be sufficient 
to compensate. This is especially true if there is a  
con current drop in MAP, leading to a drop in CPP  
and insuf ficient blood delivery to the brain, resulting in 
tissue hypoxia and ultimately necrosis of brain tissue. 
Importantly, in regions of the brain that have suffered  
significant trauma, these mechanisms do not function 
normally, and may fail even before ICP rises above the 
normal range.

Tissue hypoxia and necrosis result in a complex chain 
of biochemical events that culminate in progressive cere -
bral oedema, setting up a self-propagating spiral of rising 
ICP. In this situation, systemic blood pressure may rise 
and heart rate may fall, in a last-resort attempt to maintain 
cerebral perfusion. For this reason, it is vital to monitor 
the patient’s blood pressure if there is concern about  
elevated ICP.

Treatment
The following treatment recommendations are important 
for the care of the closed head trauma patient (Bagley, 
1996).

Elevate the head and neck at a 30-degree angle 
above heart level
The patient may be placed in lateral or sternal recumbency 
on a solid board and the board elevated at a 30-degree 
angle, thereby facilitating venous drainage from the cranial 
vault. It is important to avoid bending the neck when  
elevating the head. Make sure no blankets or bandages 
compress the jugular veins, which would decrease venous 
drainage. Avoid any manipulations that would compress 
the jugular veins, such as venepuncture or compression 
during manual restraint.

Similarly, any manipulation that precipitates coughing 
should be avoided because coughing may cause in-
creased ICP.

Control of ventilation
Hyperventilation can rapidly decrease ICP because 
hypocapnia causes cerebral vasoconstriction, thereby 
decreasing CBF. Studies have revealed, however, that the 
clinical use of hyperventilation may be contraindicated 
(Obrist et al., 1984; Muizelaar et al., 1991; Fortune et al., 
1995; Skippen et al., 1997). After cranial trauma, oxygen 
extraction is maximal and blood flow is the limiting factor 
for cerebral oxygen utilization. Cerebral vasoconstriction 
induced by hypocapnia should therefore be avoided 
because oligaemia might result in inadequate cerebral 
oxygen delivery. Assisted ventilation is recommended if 
PaCO2 (as determined by blood gas analysis, or inferred 
from capnography) is elevated, but the goal should be to 
maintain it within normal limits (35–45 mmHg).

For the same reasons, hypoxaemia must be avoided 
and positive pressure ventilation should be considered to 
maintain oxygenation if the patient is stuporous or coma -
tose. If the patient is not stuporous and is stable, supple -
mental oxygen, in the form of nasal oxygenation or via an 
oxygen cage, may be provided.

Maintenance of cerebral and systemic perfusion
Hypotension, hypoxia and hypertension must be avoided. 
In order to maintain CPP, fluid therapy should be used to 
maintain MAP between 70 and 110 mmHg (see Chapters 
3 and 4). Hypotension that is non-responsive to fluid  
therapy should be treated with inotropes or pressors as 
indicated. Hypertension due to excitement and pain may 
be ad dressed with sedation or analgesics. Occasionally, 
a comatose animal may present with hypertension and  
brady cardia (Cushing reflex) due to increased ICP; treat-
ment should be aimed at decreasing ICP.

Furosemide and mannitol
Mannitol can rapidly decrease ICP by drawing water out of 
oedematous cells into the intravascular space by osmosis, 
and then inducing an osmotic diuresis. Its effect is great -
est 30–60 minutes after administration, and lasts 2–4 
hours. An intravenous dose of 0.5–1 g/kg of a 25% solu -
tion administered over 20 minutes can be repeated every 
3–8 hours, with a maximum of three doses over a 24-hour 
period. Mannitol causes an initial expansion followed by  
a significant contraction of the intravascular volume, and  
is therefore contraindicated in patients with shock,  
hypotension, dehydration, congestive heart failure, anuric 
renal failure or pulmonary oedema. Serum electrolytes and 
osmolality should be monitored because of the potential 
for free water loss in the diuresis.  
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Furosemide (1–4 mg/kg i.v.) may be given as a bolus 
prior to administration of mannitol. The aim is to prevent an 
initial rise in ICP associated with the expanded intra  - 
vas cular volume that occurs immediately following man -
nitol administration. Furosemide should be avoided in 
hypo volaemic patients.

Hypertonic saline
Hypertonic saline (HTS) administration offers a second 
option for decreasing ICP by osmosis; it is also thought to 
reduce blood viscosity and induce endothelial cell shrink -
age, improving cerebral blood flow. HTS administration 
causes an improvement in MAP without the delayed hypo -
volaemia that occurs following mannitol administration. A 
review and meta-analysis of the literature on HTS use in 
humans showed a better outcome with HTS over other 
medications no matter what the aetiology of the increased 
ICP, and no serious side effects when sodium concentra -
tions were monitored and treated if necessary (Mortazavi 
et al., 2012). HTS (7.5% NaCl) is administered at 4 ml/kg of 
bodyweight as a slow intravenous bolus; typically it is 
used only once in a 24-hour period because of concerns 
about hypernatraemia if multiple doses are given.

Dehydration is a relative contraindication for HTS use.

Corticosteroids
Corticosteroids were initially recommended for use in trau -
matic brain injury in humans after successful treatment of 
brain tumours and intracranial surgery associated with 
their use in the early 1970s. At that time the theory of treat -
ing with a high-dose steroid protocol was to help reduce 
brain oedema and ICP and provide free radical scaveng -
ing. In 2004, a multicentre collaboration called the CRASH 
trial reported results from over 10,000 human patients 
treated for head trauma. It found no reduction in mortality 
with methylprednisolone given within 2 weeks of the injury. 
The risk of death within 2 weeks was actually higher in the 
group treated with corticosteroids (Roberts et al ., 2004).

A Cochrane review of the use of corticosteroids for 
acute traumatic brain injury in 2009 identified 20 trials of 
steroids in human patients with head trauma and a similar 
increase in mortality associated with steroid treatment 
(Alderson and Roberts, 2005). Hyperglycaemia is often 
present in head trauma patients and may be worsened by 
a treatment with corticosteroids. In dogs and cats, blood 
glucose concentration was found to be significantly asso -
ciated with severity of head trauma but not associated  
with outcome (Syring et al., 2001). Elevated blood glucose 
has been associated with increased mortality in humans 
(Jeremitsky et al., 2005). Hyperglycaemia is thought to 
cause an increase in anaerobic glycolysis. As a result, 
there is an increase in lactic acid production, which causes 
further damage to the injured brain. Other proposed mech -
anisms include hyperosmolarity, alterations in neuronal pH 
and excitatory amino acids. The use of corticosteroids for 
head trauma patients is not part of the current standard of 
care at the authors’ hospital.

Craniotomy
Craniotomy produces a rapid decrease in ICP and may  
be performed when managing skull fractures with a 
depressed displacement of bone more than the thickness 
of the calvarium in the fractured area, to remove projec -
tiles, or to treat progressive increases in ICP that are 
refractory to medical management. In the future, the  

routine availa bility of ICP monitoring and computed 
tomography (CT) may aid in determining when craniotomy 
is necessary for the management of head trauma in dogs 
and cats.

Anaesthetic concerns
In patients with intracranial disease that require anaes-
thesia, the drugs chosen should not increase ICP or cause 
large changes in blood pressure, and should maintain ade -
quate cerebral perfusion. Premedication may be limited to 
use of an intravenous benzodiazepine immediately prior  
to induction. This minimizes the required dose of induction 
agents and their respiratory and cardiovascular effects. In 
trauma patients, adequate pain control is essential in pre -
venting further ICP elevation. The addition of an opioid in 
painful patients with no evidence of increased ICP (or low-
dose opioid if there is suspected ICP elevation while 
attempting to reduce ICP) may help to provide pain control 
and maintain anaesthesia. When carefully titrated to the 
needs of the patient, opioids are an attractive analgesic 
because of their relative lack of cardiovascular effects and 
ease of reversal. Coughing at the time of intubation may 
raise ICP, and lidocaine (2 mg/kg i.v.) may be given for its 
antitussive effect immediately before intubation. Isoflurane 
is the maintenance agent of choice, because cerebral 
autoregulation is preserved if the inspired concentration is 
<1.0 x MAC (minimum alveolar concentration). When inhal-
ants are contraindicated or insufficient, supplemental 
agents such as fentanyl or propofol may be used. During 
anaesthesia, end-tidal carbon dioxide monitoring (or blood 
gas analysis) coupled with intermittent positive pressure 
ventilation (IPPV) is important to maintain arterial carbon 
dioxide levels within normal limits of 35–45 mmHg. Hyper- 
or hypoventilation must be avoided (Greene, 2010).

Ketamine has the potential to reduce ischaemic injury 
by preventing NMDA (N-methyl- D-aspartate) receptor bind -
ing. It has also been demonstrated to reduce ICP in 
humans under propofol sedation. However, it has also 
been demonstrated to increase cerebral oxygen consump -
tion. As there is no conclusive evidence for or against the 
use of ketamine in head trauma patients, the authors  
prefer to use other agents with more predictable results.

Alpha-2 agonists (dexmedetomidine) are commonly 
considered medications in general practice. Although 
there is little influence on ICP in patients, there is consider -
able reduction in heart rate and cardiac output, and this 
may impair cerebral perfusion. They should only be used 
at low doses (1–2 �+g/kg/h) and only if other medications 
listed above are not available.

Sedation
Frequently, trauma-related pain or agitation may result in 
the patient flailing or constantly vocalizing; both beha  viours 
may increase ICP. Diazepam (0.2–0.5 mg/kg) or pheno-
barbital (5 mg/kg) may be used to sedate the patient, 
potentially combined with butorphanol (0.2–0.4 mg/kg) or 
other narcotics, especially if the patient is thought to be in 
pain. Cardiorespiratory function must be carefully moni -
tored. In the rare instance when these drugs do not result 
in a calm patient, small doses of acepro  mazine (0.01–0.02 
mg/kg i.v.) may be given. Acepromazine has previously 
been implicated in reducing seizure threshold and inducing 
epileptiform activity in dogs. However, in a study of 36 dogs 
with seizure history, acepromazine was given for sedation 
with no evoked seizures. The medication was also adminis -
tered to 10 actively seizuring dogs with an abatement of 
activity in eight dogs (Tobias et al., 2006).
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Seizures and status epilepticus
Seizures result from a sudden uncontrolled discharge of 
neurons in the cerebral cortex or diencephalon. The mani -
festation of a seizure depends on the area and extent of 
the brain affected by the abnormal electrical activity. 
Primary generalized seizures occur when both cerebral 
hemispheres are affected. The patient may show symmet -
rical abnormalities of movement of the head and limbs 
(tonus, clonus, atony, myoclonus) with a loss of conscious -
ness. Partial seizures occur when a group of neurons in a 
region of the cerebral cortex is affected. The patient shows 
signs indicative of stimulation of the cortical region: asym -
metrical signs such as tonus or clonus of one or more 
limbs, turning the head and neck to one side, and twitch -
ing of one side of the face, or sudden changes in behav -
iour, may occur. Consciousness may or may not be 
affected and focal seizures may or may not progress to 
generalized seizures. Non-convulsive seizures or status 
epilepticus are episodes of abnormal electrical activity 
without tonic or clonic activity and are identified by electro  - 
encephalography (EEG).

The term ‘epilepsy’ means recurrent seizures. Epilepsy 
may be classified into three categories according to its 
cause: idiopathic, symptomatic and cryptogenic (Berendt 
and Gram, 1999).

Idiopathic epilepsy (IE) is the consequence of intrinsic 
chemical abnormalities that are not associated with struc -
tural cerebral pathology or extracranial disease. It is  
characterized by predominantly generalized seizures that 
typically begin between 6 months and 5 years of age. The 
animal is neurologically normal during the interictal period. 
A hereditary cause is presumed. Breeds with a high preva -
lence of epilepsy have been identified and investigated for 
a genetic or familial basis for seizures; these include the 
Belgian Shepherd Dog and Tervuaren, Beagle, Bernese 
Mountain Dog, Border Collie, Dalmatian, English Springer 
Spaniel, German Shepherd Dog, Irish Wolfhound, Golden 
and Labrador Retriever, Keeshond, Standard Poodle and 
Vizsla (Ekenstedt et al., 2012). A specific mutation in LGI2, 
an ortholog of the human epilepsy gene, has been found in 
the Lagotto Romagnolo and is responsible for the familial 
juvenile epilepsy in this breed (Seppala et al., 2011).

Symptomatic (secondary) epilepsy occurs when struc -
tural disease of the brain (brain tumours, encephalitis, mal -
formations, sclerosis or trauma) provokes seizures. It is 
characterized by partial or generalized seizures that may 
begin at any age. The animal frequently, but not always, 
has neurological deficits that are recognized during the 
interictal period. A comparison report of 240 dogs with  
seizures showed that if the seizure occurred between 1 
and 5 years of age IE was more likely. In total, 48% of the 
240 dogs had IE, while 16% had intracranial neoplasia and 
11% had encephalitis. Symptomatic epileptic dogs in this 
study (those with structural disease) were more likely to 
have interictal deficits, status epilepticus and cluster and 
partial seizures (Pakozdy et al., 2008).

The term cryptogenic epilepsy is used to designate 
recurrent seizures for which a symptomatic cause is sus -
pected but has not been found. It is suspected when an 
animal has partial seizures, but brain imaging does not 
reveal a structural cause for the seizures. In a recent study 
of 212 seizuring dogs, 21% of dogs 7 years or older 
matched the definition of cryptogenic epilepsy, and seizure 
control was acceptable for most dogs (Schwartz et al ., 
2013). Single or recurrent seizures can also occur due to 
extracranial disease in which the normal brain is stressed 

by metabolic or toxic abnormalities (e.g. hepatic enceph -
alopathy, uraemic encephalopathy, hypoglycaemia, hypo -
calcaemia, polycythaemia and toxins) (Podell et al., 1995). 
These have been referred to as reactive seizures.

Obtaining a good history
When presented with a patient having seizures the goals 
are:

• To confirm that the event is/was a seizure
• To stop the seizure and treat primary or secondary 

metabolic derangements
• To determine the cause of the seizure.

Confirmation that a seizure has occurred is based on 
the owner’s description of the event or observation of the 
event by the veterinary surgeon (veterinarian) (either directly 
or by observing a recording). Non-convulsive seizures and 
sudden changes in behaviour present the most difficulty  
in determining whether or not a seizure has occurred. 
Differential diagnoses must include syncope, cataplexy, 
narcolepsy and behavioural disorders. While EEG can be 
used to confirm epileptiform activity in the brain, it is not 
routinely performed due to either the lack of equipment or 
the need for sedation.

The following questions may be asked of the client 
while assessing the patient.

• What did the seizure look like? What did the animal 
look like immediately before and immediately following 
the seizure? The presence of pre- or post-ictal signs 
may help confirm that a seizure has occurred and may 
suggest a structural cause if a partial seizure is 
described.

• Is the animal vaccinated?
• Has there been any exposure to toxins? Strychnine, 

lead, mercury, metaldehyde, moulds, 
organophosphates, chlorinated hydrocarbons, ethylene 
glycol, amphetamines, caffeine, theobromine, cocaine, 
5-fluorouracil, ivermectin and others may cause 
seizures.

• Has the animal had seizures in the past? Is the animal 
currently taking anticonvulsants? How many seizures 
have occurred within the past year, 6 months or 
month? Generalized seizures occurring infrequently 
over years suggest IE or a static, structural lesion.

• How old is the animal? The onset of seizures in dogs 
due to IE is principally between 6 months and 5 years 
of age. IE is uncommon in cats.

• What time of day did the seizure occur? Seizures 
following feeding may be associated with hepatic 
encephalopathy. Seizures occurring when a meal has 
been missed, soon before a meal or associated with 
exercise may indicate hypoglycaemia.

• Is the animal neurologically normal between seizures? 
Animals with IE appear normal between seizures. 
Animals with symptomatic epilepsy may be normal 
between seizures or may be behaviourally abnormal, 
dull, circle, or show other signs of nervous system 
disease. These animals may also show signs of 
systemic disease.

Clinicopathological testing
Ideally, blood should be drawn for analysis prior to initia -
ting therapy. It is recommended that a complete blood 
count, blood smear evaluation for inclusion bodies (seen 
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with canine distemper virus infection) and nucleated red 
cells (seen with lead toxicity), urinalysis and blood gas 
measurements be performed. Levels of serum electrolytes 
(Na, K, Ca, P, Mg), blood glucose, alanine aminotrans-
ferase, alkaline phosphatase, bilirubin, albumin, choles -
terol, serum ammonia, blood urea nitrogen and serum 
creatinine should be determined. Additional serum may be 
refrigerated for future determination of anticonvulsant, 
insulin, thyroid hormone or bile acid concentrations, or for 
antibody titres for infectious diseases.

Seizures due to metabolic causes require specific 
therapy in addition to anticonvulsant medications (see 
Abnor mal mental status and Metabolic encephalopathies 
for the treatment of hypoglycaemia, hypocalcaemia and 
thiamine deficiency).

Status epilepticus and cluster seizures may result in 
hypoxia, acidosis and/or hyperthermia, which require  
specific treatment. Seizures commonly result in hyper -
glycaemia. Rarely, however, prolonged status epilepticus 
may result in hypoglycaemia and the patient may require 
supplementation with dextrose.

Treatment
If the seizure lasts less than 2 minutes and is not repeated, 
no medication is required.

Seizures longer than 2 minutes, seizure clusters 
or status epilepticus
Cluster seizures are two or more seizures occurring over a 
24 hour period. Status epilepticus is defined as a seizure 
that lasts longer than 5 minutes, or recurrent seizures with -
out recovery of full consciousness between seizures. Initial 
treatment recommendations include:

• Diazepam:  0.2–0.5 mg/kg i.v. or 0.5–1.0 mg/kg rectally, 
may be repeated 2–3 times over 5–10 minutes

• Midazolam  is a suitable substitute for diazepam: 
0.1–0.5 mg/kg i.v.

• Phenobarbital:  a total loading dose of 16 mg/kg i.v. is 
given divided into 3 or 4 doses over several hours. It 
may take up to 30 minutes before an effect is noted. If 
the animal is currently on an adequate dose of 
phenobarbital, there is little evidence that increasing 
the dose by another 16 mg/kg has any beneficial effect

• Levetiracetam:  20–60 mg/kg i.v. given every 8 hours. 
Recent work shows that serum levels in the human 
therapeutic range can be achieved with rectal 
administration of 40 mg/kg of an injectable solution 
(Peters et al., 2014)

• Potassium bromide:  may be loaded by giving a total 
of 400–600 mg/kg orally divided into twice daily doses 
over 2–3 days. Gastrointestinal upset can occur with 
administration. Transient sedation and pelvic limb 
weakness can occur.

Benzodiazepines, levetiracetam, potassium bromide 
and phenobarbital may be given concurrently.

If status epilepticus or cluster seizures continue, one of 
the following regimens may be used:

• Intravenous constant rate infusion (CRI) of diazepam or 
midazolam administered at a rate of 0.1–0.5 mg/kg/h in 
a 5% dextrose solution

• Intravenous administration of 10–20 mg/kg thiopental 
(given as 2–4 mg/kg boluses to effect), and 
endotracheal intubation with or without isoflurane 
anaesthesia

• Intravenous administration of 2–6 mg/kg pentobarbital. 
This drug may lead to prolonged anaesthesia. Although 
a total dose of up to 15 mg/kg can be used, this should 
be administered as small boluses of 2–3 mg/kg. There 
should be at least 15 minutes between these boluses 
due to the prolonged nature of the drug’s effects. 
Pentobarbital has very limited availability in a suitable 
formulation, and non-suitable formulations such as 
non-sterile multi-use bottles should only be used with 
careful consideration of the risk:benefit

• Intravenous administration of 6 mg/kg propofol (given 
as 1–2 mg/kg boluses to effect), followed by an 
intravenous CRI of propofol at 0.1–0.2 mg/kg/min. 
Propofol stops the outward signs of seizures; however, 
the authors have found that some dogs continue to 
have EEG evidence of status epilepticus while receiving 
propofol. If EEG monitoring is available it should be 
used; if it is unavailable the clinician should be aware 
that seizure activity may be continuing despite 
cessation of motor activity.

When intermittent dosing of benzodiazepine, leve  tira-
cetam and phenobarbital does not control seizures and 
any of the above protocols are used, profound sedation 
may result. The patient’s gag reflex should be monitored, 
along with indices of oxygenation, ventilation, electrocardio  - 
gram and blood pressure. Endotracheal intubation and 
support of respiratory and cardiovascular status may be 
required. The patient should be anaesthetized for 15–30 
minutes with propofol or thiopental. If seizures continue 
after recovery from anaesthesia, repeated anaesthesia for 
longer periods of time may be attempted.

Maintenance medication

• Phenobarbital (3–5 mg/kg orally q12h). Serum 
concentration attains a steady state within 2 weeks.

• Or potassium bromide (30–40 mg/kg orally q24h). Serum 
concentration attains a steady state in 2–4 months.

Third-line medications are now widely available and 
generic versions are affordable:

• Levetiracetam (20–40 mg/kg orally q8h). Serum 
concentration testing is available, but there is no 
defined therapeutic level for small animals

• Zonisamide (5–10 mg/kg orally q12h). If the patient is 
on phenobarbital the maintenance dose is started at  
10 mg/kg to overcome induced liver metabolism.

Prognosis
Idiopathic epilepsy is rarely life-threatening unless status 
epilepticus develops. However, blindness, weakness, or 
changes in behaviour may continue for days or weeks  
following a seizure and may be made temporarily worse  
by anticonvulsant medications. If status epilepticus does 
occur, it is important to treat secondary problems such as 
hyperthermia, metabolic disturbances, aspiration pneumo -
nia, acid–base imbalance and myoglobinuria.

Animals with symptomatic epilepsy require further diag -
nostic testing including CSF analysis and brain imaging. If 
symptomatic epilepsy is suspected, medication in addition 
to anticonvulsants may be required (e.g. mannitol, steroids, 
antifungals, antibacterials). Animals with reactive epilepsy 
require treatment of the underlying metabolic disease.
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Abnormal mental status
Abnormal mental status may result from disease of the 
cerebral hemispheres or brainstem, with the most com -
mon emergency presentations being due to encephalitis, 
neoplasia or metabolic encephalopathies.

Encephalitis
Common causes of encephalitis in dogs include steroid-
responsive meningitis/arteritis, protozoal diseases (Toxo-
plasma, Neospora), canine distemper virus, inflammatory 
diseases in which no aetiological agent can be identified 
(meningoencephalitis of unknown aetiology, granuloma -
tous meningoencephalitis (GME), necrotizing encephalitis) 
and, in some locations, rickettsial diseases (Rocky 
Mountain spotted fever, Ehrlichia ) and fungal diseases 
(Cryptococcus, Blastomyces, Aspergillus). In cats, feline 
infectious peritonitis, feline immunodeficiency virus, 
Toxoplasma and fungal disease are the most common 
causes of encephalitis.

Animals with encephalitis are commonly depressed or 
disorientated, and a recent onset of seizures is common. 
Evidence of systemic disease is useful in making a tenta -
tive diagnosis of some causes of encephalitis but two of 
the more common causes, GME and necrotizing encepha -
litis, are typically not associated with extracranial disease. 
Examination of the ocular fundus is strongly recom -
mended, since ocular disease occurs commonly with 
some encephalitides (canine distemper virus, Toxoplasma, 
Cryptococcus , feline infectious peritonitis) and since the 
presence of papilloedema is supportive evidence for 
increased ICP.

It is useful to submit titres for infectious diseases, but 
the results of these tests may not be available for several 
days. CSF analysis may reveal fungal organisms (occa-
sionally) or inclusion bodies (rarely) but more commonly 
shows inflammation without evidence of aetiology. CSF is 
readily collected under general anaesthesia at the cerebel -
lomedullary cistern using a spinal needle (Figures 9.2 and 
9.3). Normal CSF protein is <0.25–0.3 g/l and normal cellu-
larity is <5 white blood cells per microlitre. Some CSF 
analysis findings support specific diagnoses; for example, 
a mononuclear pleocytosis with mild to moderate 
increases in protein is consistent with GME, necrotizing 
encephalitis and lymphoma. Moderate increases in neutro -
phils in addition to mononuclear cells may be seen with 
GME, toxoplasmosis, neosporosis and fungal disease.

Marked increases in neutrophils are common with 
feline infectious peritonitis and steroid-responsive menin -
gitis/arteritis. Moderate to marked increases in eosinophils 
can be seen with parasitic diseases, protozoal diseases 
and eosinophilic meningitis.

When encephalitis is suspected, the clinician must  
frequently institute therapy prior to obtaining a definitive 
diagnosis through titres or biopsy. Emergency therapy 
should therefore be directed at the most common causes 
of encephalitis found in the geographical region. For 
example, in the Philadelphia region in the USA, treating 
dogs with doxycycline and prednisolone is common, due 
to the prevalence of Rocky Mountain spotted fever, GME 
and necrotizing encephalitis in the patient population. 
Mannitol may also be required to treat increases in ICP. 
When a definitive diagnosis is made, therapy is altered to 
treat the specific cause.

Neoplasia
Primary intracranial neoplasia is one of the most common 
causes of altered mental status and seizures in older 
patients (Troxel et al., 2003; Snyder et al., 2006). Definitive 
diagnosis in an emergency setting may be hindered by the 
absence of advanced imaging capabilities. A CSF analysis 
showing a significant increase in protein without a signifi -
cant increase in cellularity (albuminocytological dissocia -
tion) is supportive but not definitive for intracranial 
neoplasia. When neoplasia is suspected, the animal may 
be treated with steroids to decrease vasogenic oedema 
and mannitol to decrease ICP, until the brain can be 
imaged with CT or magnetic resonance imaging (MRI).

Metabolic encephalopathies
Metabolic encephalopathies result in seizures, bilaterally 
symmetrical signs of cerebrocortical dysfunction, or signs 
of diffuse brain disease. Abnormalities of mental status 
may progress to stupor and coma (see Loss of conscious -
ness and coma). History and bloodwork are essential in 
determining that the signs are due to metabolic disease. 
However, CSF analysis, titres for infectious disease and 
brain imaging are frequently necessary to rule out other 
causes of encephalopathy.

Calcium
Hypocalcaemia (total calcium <1.6 mmol/l; ionized calcium 
<0.6 mmol/l) may cause muscle twitching and spasms, 

1. Place the animal in lateral recumbency under general anaesthesia.
2. Clip the skin and prepare for an aseptic procedure.
3. Flex the head to 90 degrees and have an assistant hold it in place.
4. The occipital protruberance and the spinous process of C2 are 

palpated; an imaginary line is drawn through these two points; this 
line should be parallel to the table surface (if not, the nose is either 
raised or lowered).

5. The most rostral extents of the wings of the atlas are palpated and 
an imaginary vertical line is drawn between the two wings.

6. A 20 or 22 G CSF needle is inserted parallel to the table surface and 
parallel to the nose, on the midline of the patient, halfway between 
the occipital protruberance and an imaginary line between the 
wings of the atlas (see Figure 9.3).

7. The needle should be held securely and slowly advanced. The stylet 
�‹�•���”�‡�•�‘�˜�‡�†���‡�˜�‡�”�›���Y���•�•���‘�”���•�‘���–�‘���Ž�‘�‘�•���ˆ�‘�”���ª�—�‹�†�ä�����•�…�‡���ª�—�‹�†���‹�•���•�‡�‡�•���‹�•��
the hub of the needle, it is held in place while the sample is 
collected.

8. The needle should not be redirected once it has entered the muscle 
as side-to-side motion of the needle can damage the spinal cord.
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Anatomical landmarks for atlanto-occipital CSF collection.  
A = wings of the atlas vertebra; B = occipital protruberance;  
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disorientation, restlessness and seizures. Intra venous  
administration of 10% calcium gluconate (50–150 mg/kg) 
over 15 minutes, followed by calcium gluconate diluted in 
saline and given subcutaneously (50–150 mg/kg q6–8h; 
Feldman, 2005) or 10 mg/kg/h i.v. by CRI often resolves 
clinical signs until the specific cause is identified.

Hypoglycaemia and hypomagnesaemia may occur 
concurrently and supplementation may be necessary. 
Diazepam may be necessary to control seizures.

Hypercalcaemia (total calcium >3.0 mmol/l) may cause 
muscle weakness, seizures, depression, stupor or coma. 
Diuresis with intravenous 0.9% sodium chloride and furo -
semide may be performed until the cause is determined 
(for more information, see Chapter 5).

Sodium
Both hyper- and hyponatraemia may cause neurological 
signs, with the severity of the signs being most dependent 
on the rapidity of onset of the change in sodium as 
opposed to the actual serum value. Severe hyponatraemia 
(Na+ <120 mmol/l) may cause disorientation, seizures,  
stupor or coma. Ideally, plasma sodium concentration is 
corrected at the rate at which it was lost, i.e. acute 
decreases in plasma sodium may be corrected quickly, 
while chronically low sodium concentrations should be 
gradually increased at a rate no greater than 0.5 mmol/l/h. 
Excessively rapid correction of chronic hyponatraemia  
(>10 mmol/l/day) may cause weakness, hypermetria, ataxia 
and myoclonic jerking of the limbs 3–5 days after treat -
ment (O’Brien et al., 1994).

If hypernatraemia (Na+ >170 mmol/l) occurs acutely, 
restlessness, irritability, seizures, stupor and coma may 
occur. If hypernatraemia is chronic, only depression and 
disorientation may be noted. Chronic hypernatraemia  
must be treated slowly, at a correction rate no greater than 
0.5 mmol/l/h (over 2–3 days) to avoid cerebral oedema. 
Further details can be found in Chapter 5.

Glucose
Hypoglycaemia (blood glucose <2.5 mmol/l) may cause 
weakness, muscle tremors, blindness, seizures, stupor or 
coma. Intravenous administration of 0.5 g/kg of 10–25% 
dextrose solution may be given until signs resolve. Anti -
convulsants may be necessary to control seizures. When 
an insulin-secreting tumour is present, dextrose (by CRI), 
diazoxide (10 mg/kg q12h) and prednisolone (0.5 mg/kg 
q24h) are often necessary to maintain serum glucose 
concentrations.

Hyperglycaemia and hyperosmolality (>340 mOsm/l) 
may cause stupor and coma. Sodium chloride 0.45–0.9% 
or balanced electrolyte replacement solutions adminis -
tered intravenously and insulin may be given to gradually 
correct hyperglycaemia over 24–36 hours and reduce the 
risk of cerebral oedema. Potassium supplementation 
should be provided (see Chapter 16).

Heat stroke
A body temperature of >41°C may result in blindness, 
ataxia, disorientation, stupor or coma. Cooling and hydra -
ting the patient and correcting any acidosis, hypoglycae -
mia, hypernatraemia, hypokalaemia, hypophosphataemia 
and hypocalcaemia are recommended. If neurological  
dysfunction progresses, increased ICP may be present 
(see Head trauma for treatment).

Hepatic encephalopathy
Disorientation, pacing, blindness and circling often develop 
with hepatic encephalopathy; seizures, stupor and coma 
occur less commonly. Treatment is directed at decreasing 
the intake and absorption of protein-derived toxins from  
the large intestine (Bunch, 1995). Warm-water cleansing  
enemas and lactulose enemas retained for 20 minutes  
(20 ml/kg of 3 parts lactulose to 7 parts water) may be 
given every 4–6 hours. Neomycin sulphate (22 mg/kg orally 
q8h) or metronidazole (7.5 mg/kg orally or i.v. q8h) may be 
administered to decrease the bacterial load. Serum glu -
cose and potassium concentrations should be monitored 
and deficits corrected. Hydration should be maintained. If 
present, gastrointestinal bleeding will lead to worsening of 
the signs and must be controlled; the presence of coagu -
lopathy secondary to hepatic failure should be assessed.

Hepatic encephalopathy is associated with the presence 
of increased numbers of GABA receptors, and adminis -
tration of GABA receptor antagonists such as flumazenil  
(20 �+g/kg i.v.) may result in improved mental status in  
these patients.

Seizures occasionally occur after surgery for porto -
systemic shunt (PSS) ligation. These seizures are notori-
ously difficult to control with phenobarbital or diazepam. 
The use of potassium bromide or propofol has been more 
effective; however, the prognosis for many of these animals 
remains poor, and post-mortem examination has revealed 
severe cerebrocortical necrosis. A study of the incidence of 
postoperative seizures in dogs with PSS with and without 
pretreatment with levetiracetam showed promising results, 
with a significant reduction in seizures and death in dogs 
treated with the drug. No untreated dog that developed  
seizures survived the hospitalization (Fryer et al., 2011).

Hypoadrenocorticism
Depression, lethargy, weakness and shock may occur. 
Depending on the severity of signs, intravenous 0.9% 
saline, dexamethasone sodium phosphate (0.5–2.0 mg/kg), 
dextrose and/or sodium bicarbonate may be necessary 
(see Chapter 16).

Hypoxia and ischaemia
Changes in mental status, blindness and ataxia may occur 
with PaO2 values <55 mmHg, especially if hypoxia is  
also associated with decreased cerebral blood flow, for 
example following successful resuscitation from cardio -
pulmonary arrest. Treatment includes providing supple -
mental oxygen, treating the underlying cause of the 
hypoxia and if necessary providing mannitol to decrease 
cerebral oedema. Following successful resuscitation from 
arrest, blindness and changes in mental status will often 
resolve over weeks but may be permanent.

Lead poisoning
Whole blood lead concentrations >1.932 �+mol/l may result 
in dementia and seizures, in addition to gastrointestinal 
signs. Chelation therapy with EDTA, D-penicillamine or 
succimer (10 mg/kg orally q8h for 10 days; Ramsey et al ., 
1996) are specific therapies for intoxication, along with 
removal of the source of lead if appropriate.

Renal encephalopathy
Severe uraemia due to acute renal failure may result in  
seizures. Chronic renal failure more commonly causes 
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vestibular disease). The location of the lesion may be  
det ermined by the presence of neurological deficits in 
addition to those listed above.

Ear
Disease of the inner ear alone results in only the signs 
listed above. Auditory dysfunction is rarely recognized. 
The animal falls towards the side of the lesion and has a 
head tilt and strabismus ipsilateral to the lesion. The 
direction of the nystagmus is usually horizontal or rota -
tory, with the slow phase directed towards the side of  
the lesion and unchanged when the position of the head  
is altered. If the middle ear is also affected, signs of CN VII 
dysfunction and Horner’s syndrome may result. No pos -
tural reaction deficits occur.

Medulla/cerebellum
Disease of the medulla may cause changes in mental  
status. Hemiparesis and postural reaction deficits and 
dysfunction of CN V–XII may occur ipsilateral to the lesion. 
The direction of the nystagmus may be horizontal, rotatory 
or vertical and may change when the position of the head 
is altered.

Disease of the cerebellum may cause dysmetria and 
menace deficits ipsilateral to the lesion, and head  
and neck tremors.

Exceptions to rules of localization
Bilateral peripheral vestibular disease may result in a wide-
based stance and swaying of the body. There are wide 
excursions of the head to each side. Often, no abnormal 
nystagmus or strabismus is noted. The animal is typically 
severely ataxic when blindfolded or when lifted off  
the ground.

Occasionally, disease of specific sites within the cere  - 
bellum and medulla (flocculonodular lobe, caudal  
cerebellar peduncle) results in head tilt, strabismus and 
slow phase of the nystagmus directed away from the side 
of the lesion (paradoxical vestibular syndrome). The pos-
tural reaction deficits are ipsilateral to the lesion.

Causes and management of diseases of the 
vestibular system
Ear
Idiopathic labyrinthitis:  Older dogs and cats of any  
age may be affected. CN VII dysfunction and Horner’s  
syndrome do not occur. No abnormalities are found in 
blood, images of the bullae, deep otic examination or  
thyroid testing. Antibiotics are recommended if a full work-
up for ear infection is not performed, but are not neces -
sary to treat labyrinthitis, which is presumed to be of viral 
origin. Spon taneous recovery is common.

Otitis interna/media:  Images of the osseous bullae and/or 
deep otic examination may confirm middle ear disease. 
Treatment with co-amoxiclav, cephalosporins, clinda -
mycin, enrofloxacin or trimethoprim/sulfadiazine, with or 
without bulla osteotomy, is recommended. Extension of 
the infection into the cranium can occur. A study of 11 cats 
and 4 dogs with intracranial extension had a good/excel -
lent prognosis with surgical exploration by ventral bulla 
osteo tomy and appropriate antibiotic therapy (Sturges  
et al., 2008).

mental dullness, weakness, muscle twitching and myo -
clonus. Treatment is aimed at monitoring blood pressure 
and maintaining hydration, acid–base status and electro -
lyte concentrations.

�;�O�P�H�T�P�U�L���K�L�Ä�J�P�L�U�J�`
This is usually caused by a deficiency of dietary thiamine, 
through cooked food or a diet high in fish containing thia -
minase. Clinical signs include signs of central vestibular 
disease, ataxia, ventroflexion of the head and neck, bilat -
erally dilated fixed pupils, and seizures, stupor and coma. 
Thiamine hydrochloride (10–20 mg/kg i.v.) is used to treat 
signs and repeated intramuscularly or subcutaneously 
daily until improvement is noted.

Thyroid hormone
Hypothyroidism (myxoedema crisis) may result in depres -
sion, disorientation, stupor or coma, most commonly  
in the Dobermann. Serum cholesterol concentrations  
>25 mmol/l may occur. Abnormalities are reversible with 
thyroid supplementation. Respiratory support, glucocorti-
coids and intravenous L-thyroxine may be necessary in 
cases of coma (Kelly, 1989).

Hyperthyroidism may cause restlessness, hyper-
excitability, circling and seizures. Rarely, lethargy may 
occur. Treatment with methimazole, surgery or radio -
active iodine resolves these signs. A low-iodine diet  
has also been developed for the treatment of cats with 
this condition.

Acute vestibular or cerebellar 
signs
Signs of vestibular system dysfunction which occur regard-
less of lesion location include:

• Ataxia characterized by falling due to loss of balance
• Abnormal posture characterized by leaning, turning of 

the head, neck and body and/or rolling head tilt. A head 
tilt exists when an imagined horizontal line running 
through both ears is tilted from the horizontal plane

• Ventral strabismus of the eye. The strabismus may not 
be noted until the head is elevated or returned to the 
horizontal plane

• Abnormal nystagmus.

Several techniques can be used to accentuate the clini -
cal signs; for example, blindfolding the animal may accen -
tuate the ataxia, lifting the animal off the ground may 
increase the head tilt and rolling and placing the animal on 
its back may induce nystagmus.

Compulsive circling (associated with disease of the 
cerebral hemispheres and diencephalon) should not be 
attributed to disease of the vestibular system. With com -
pulsive circling there is no ataxia, no loss of balance and 
no abnormal nystagmus.

Localizing signs of vestibular system 
dysfunction
Vestibular system dysfunction may result from disease of 
the inner ear (often termed peripheral vestibular disease) 
or of the medulla or cerebellum (often termed central  
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Other causes: Polyneuropathy, tumours, nasopharyngeal 
polyps and trauma involving the inner ear may result in 
vestibular system dysfunction. Hypothyroidism may be 
associated with polyneuropathy, and occasionally vesti -
bular signs resolve only after the institution of thyroid  
hormone supplementation. Aminoglycosides at high doses 
may result in deafness and signs of peripheral vestibular 
dysfunction.

Medulla/cerebellum
Infectious/inflammatory diseases: Canine distemper 
virus, Rocky Mountain spotted fever, Toxoplasma , Neo-
spora, Cryptococcus neoformans , GME, feline infectious 
peritonitis, parasitic migration and other meningoencepha -
litides may result in vestibular system dysfunction.

Neoplasia: This may be suspected on the basis of CSF 
fluid abnormalities and images of the brain. Tumours that 
can be found in this location include choroid plexus 
tumours, meningioma and medulloblastoma.

Toxicity:  Metronidazole intoxication seen at doses greater 
than 30 mg/kg/day can result in an acute onset of vestibular 
system dysfunction with vertical nystagmus and, occasion -
ally, seizures. Supportive care, requiring a week or more of 
hospitalization, results in recovery, although months may  
be required before all signs resolve. Recovery may be  
hastened by treatment with diazepam (Evans et al., 2002).

Metabolic: Thiamine deficiency may result in vestibular 
system dysfunction. Intramuscular thiamine hydrochloride 
(10–20 mg/kg i.v., i.m., s.c., continued until signs improve) 
can resolve the signs.

Vascular: Infarction of the medulla or cerebellum may be 
suspected on the basis of CSF abnormalities and images 
of the brain. In one study of 40 dogs with MRI diagnosis of 
infarct, 47% of the infarcts occurred in the cerebellum in 
the area of the rostral cerebellar artery (Garosi et al., 2006).

Dogs with cerebellar infarcts have acute signs of cere -
bellar ataxia, head tilt, opisthotonos, nystagmus and ipsi -
lateral menace deficit with normal vision. The clinical signs 
are non-progressive and usually show initial improvement 
in 3–5 days.

Pelvic limb paresis and 
paralysis
Pelvic limb paresis and paralysis may result from a lesion 
between the third thoracic spinal cord segment and the 
first sacral spinal cord segment, as well as from diseases 
of peripheral nerve, muscle and neuromuscular junction.

Causes and management of diseases of the 
spinal cord
Intervertebral disc disease
Acute onset of neurological dysfunction and/or pain on 
palpation over the affected area may occur. Intervertebral 
disc protrusion/herniation may be confirmed by mye  - 
lo graphy, CT or MRI. Animals with pain and mild ataxia/
paraparesis may be treated with strict cage confinement 
for 4 weeks.

Animals with moderate paraparesis or paraplegia but 
with intact nociception (assessed by looking for con -
scious recognition of compression of digits with haemo -
stats or bone with bone forceps) may be treated either 
with strict cage confinement or surgical decompression, 
although there is a higher rate of recovery in animals 
treated surgically. Animals initially managed with cage 
confinement that then deteriorate should be treated surgi -
cally, since this may indicate further extrusion of the 
already-extruded disc. Animals with paraplegia and 
anaesthesia (i.e. lack of nociception) are a surgical emer-
gency. If surgical decompression is performed within 24 
hours of the onset of signs, there is an approximately 50% 
chance of significant recovery. These animals may be 
treated with methylprednisolone sodium succinate if seen 
within 8 hours of the onset of acute signs (30 mg/kg i.v.; 
then 15 mg/kg at 2 and 6 hours; then 2.5 mg/kg/h for 
24–48 hours). However, there is considerable debate as to 
the efficacy of corticosteroids in this situation, surgical 
intervention is vital and potential adverse effects of high-
dose corticosteroids should be considered.

Patients that are managed with cage confinement 
should initially be treated with analgesics. There is some 
evidence to suggest that the use of corticosteroids may be 
detrimental (Olby, 1999), and it is probably safer to use opi -
oids initially, followed by a longer course of non-steroidal 
anti-inflammatory drugs (NSAIDs). If corticosteroids are 
used, prednisolone can be given at a dose of 0.5 mg/kg 
orally twice daily for 3 days, followed by 0.5 mg/kg once 
daily for 3 days, followed by 0.5 mg/kg every other day for 3 
days. All patients should be treated with a gastroprotectant 
whether or not they receive corticosteroids or NSAIDs, as 
evidenced by a study of 30 dogs undergoing decompres -
sive surgery for intervertebral disc disease that had an 
overall prevalence of ulceration of 76%, regardless of treat -
ment with ulcerogenic medications preoperatively (Dowdle 
et al., 2003). In all cases, it is important to check neurologi -
cal status regularly (at least twice daily), and if any worsen-
ing occurs surgery should be performed immediately.

Neoplasia
Neoplasia may result in a gradual or sudden onset of clini -
cal signs. Imaging modalities confirm the presence and 
location of the mass from extradural, intradural extramed -
ullary to intramedullary. Extradural tumours are the most 
common spinal tumours of dogs and cats (i.e. osteo -
sarcoma, chondrosarcoma, multiple myeloma, lymphoma). 
Intradural extramedullary tumours include meningiomas 
and peripheral nerve sheath tumours. Intramedullary 
tumours are rarer but involve cells of the spinal cord 
parenchyma (astrocytoma, oligodendroglioma and epend-
ymoma). CSF rarely contains neoplastic cells; however, 
examination of spinal fluid may raise suspicion of inflam -
matory disease. Biopsy yields a definitive diagnosis.

The most common spinal cord tumour of cats is lym -
phoma. These cats frequently also have disease present in 
extraneural locations (85% of cats in one study). They may 
be positive for feline leukaemia virus and often have 
lymphoblastic leukaemia on bone marrow aspiration 
(Spodnick et al., 1992). Signs due to spinal cord compres -
sion may respond to steroid therapy, and possibly decom -
pressive surgery or radiation. Cage rest is recommended 
for animals with neoplasia associated with vertebral body 
lysis, due to the risk of pathological fracture (Bagley, 2010). 
Survival times vary depending on the tumour type and 
treatment with surgery, chemotherapy and/or radiation 
therapy and owner assessment of quality of life.
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Discospondylitis
Fever, depression and pain over the affected area are 
common. Radiographs or bone scans may reveal lysis of 
the vertebral endplates; however, early in the course of the 
disease no abnormalities may be found. Culture of urine, 
blood or the affected disc may identify the causative 
organism. Treatment involves cage rest and antibiotics 
(cephalosporins, oxacillin, cloxacillin or tetracycline) for at 
least 6–8 weeks, although some recommend long-term 
therapy (Burkert et al., 2005).

Distemper, feline infectious peritonitis, mycotic/
bacterial/protozoal myelitis
Diagnosis is aided by recognition of signs of systemic or 
ophthalmic disease, results of titres and CSF analysis. For 
viral infections, steroids may be temporarily palliative. 
Toxoplasmosis/neosporosis may be treated with clinda -
mycin and trimethoprim/sulfadiazine (see below).

Trauma
Trauma, with or without vertebral body fracture or dislo -
cation, may result in clinical signs of spinal cord dysfunc -
tion. Plain radiography may be performed as an initial 
diagnostic step but extreme caution must be used if verte -
bral instability is suspected. Patients should be strapped 
to a rigid board during the initial investigation, to prevent 
excessive movement and worsening of spinal cord trauma. 
Sedation may be required if the patient struggles against 
the strapping. If possible, imaging should be performed 
with the animal conscious in order to maintain normal 
muscle tone and limit movement of the spinal column. 
Myelography, MRI or CT may then be considered in order 
fully to characterize fractures, luxations or other spinal 
cord injury and to rule out complete spinal cord tran -
section, which carries a hopeless prognosis.

Treatment options involve pain control and cage rest or 
surgical decompression and/or stabilization if marked  
spinal cord compression or vertebral column instability is 
present. An external splint applied from the scapulae to 
the base of the tail may be used to limit motion of the  
spinal column in cases of vertebral body fracture.

The use of corticosteroids in spinal cord injury remains 
controversial. The benefit of steroids comes primarily from 
free radical scavenging properties but also the anti-inflam -
matory effects and maintenance of blood flow to the spinal 
cord (Platt et al., 2005). In the 1980s, a protocol was devel-
oped using methylprednisolone sodium succinate that, 
when given within 8 hours of the onset of signs (30 mg/kg 
i.v; then 15 mg/kg at 2 and 6 hours; then 2.5 mg/kg/h for 
24–48 hours), was shown to improve functional outcomes, 
both motor and sensory, in human patients (Bracken et al ., 
1984, 1990). After 8 hours, the treatment was associated 
with an increase in complications including aspiration 
pneumonia and risk of infection. Further studies have 
shown that treatment with methylprednisone in humans is 
associated with higher mortality and risk of infection in the 
face of only modest benefit (Short et al ., 2000).

There is a lack of data in veterinary medicine to make 
clear recommendations for use of high-dose steroids in 
spinal cord injury.

Fibrocartilaginous emboli and acute non-
compressive disc extrusion
Signs in dogs commonly begin during a period of exercise; 
mild transient pain may be noted. Signs may progress over 

the first 12 hours and then stabilize. Hemiparesis/paralysis 
may occur.

MRI is the imaging modality of choice in these patients. 
Changes include a focal hyperintensity on T2-weighted 
images with isointense lesions on T1-weighted images. 
There is little to no contrast enhancement. Differentiating 
between an ischaemic myelopathy and a non-compressive 
disc extrusion often requires histopathology.

As described above, the use of corticosteroids in spinal 
cord injury is controversial and remains as such in these 
cases. Initial work supported the use of steroids using  
various protocols, including high-dose therapy, for fibro -
cartilaginous emboli (Dyce and Houlton, 1993). However, 
further study has found no benefit for steroid use in ischae -
mic myleopathy in dogs (Nakamoto et al ., 2009). Supportive 
care and physiotherapy should be provided.

Physio/hydrotherapy have been anecdotally associated 
with improved outcome. Severity of signs and prognosis 
vary with the extent and location of the cord infarct or 
damage. Infarcts occurring within either the cervico -
thoracic or lumbosacral intumescences carry a more 
guarded prognosis. One study of ischaemic myelopathy 
determined that a lesion to vertebral length ratio >2, or a 
lesion in >67% of the cross-sectional area of the spinal 
cord, was associated with an unsuccessful outcome  
(De Risio et al., 2008). Recovery may take months and may 
be incomplete.

Tetraparesis and paralysis
Tetraparesis and paralysis may result from peripheral 
nerve/muscle, cervical spinal cord and/or brainstem dis -
ease. Differentiating peripheral nerve and muscle disease 
from spinal cord and brainstem disease is essential for 
making the correct diagnosis. Disorders of the cervical 
spinal cord typically result in spasticity and exaggerated 
segmental reflexes. Disorders of peripheral nerve/muscle 
result in flaccidity, diminished segmental reflexes and  
rapidly progressing muscle atrophy (1–2 weeks).

Cervical cord and/or brainstem disease 
caudal to the thalamus
For discussions of intervertebral disc disease, neoplasia, 
discospondylitis, myelitis, trauma and fibrocartilaginous 
emboli, see Pelvic limb paresis and paralysis, above.

Atlantoaxial subluxation
Neck pain and signs attributable to disease of cervical  
spinal cord segments 1–5 may occur in young small-breed 
dogs. Flexing the neck may result in pain, worsening of 
clinical signs and respiratory paralysis. Survey radiographs 
may reveal subluxation of the first and second cervical 
vertebrae (increased space between the dorsal arch of C1 
and the ventral aspect of the dorsal spinous process of 
C2) and possible abnormalities of the dens (Figure 9.4). If 
possible, radiographs should be performed without  
general anaesthesia, to prevent loss of muscle tone that 
prevents excessive flexion and worsening of compression. 
Cage rest, corticosteroid therapy and external fixation with 
a neck brace may result in improvement. An evaluation of 
19 dogs with acute-onset clinical signs showed that medi -
cal management is a viable option, regardless of the 
severity of deficits on initial examination (Havig et al., 
2005). Surgical stabilization may ultimately be required.
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Caudal cervical spondylomyelopathy (‘wobblers’)
This condition is most frequently seen in young Great 
Danes and in middle-aged Dobermanns. Signs of disease 
attributable to cervical spinal cord segment 6 to thoracic 
spinal cord segment 2 are most common, and often more 
than one site is affected. Cord compression and instability 
are confirmed with MRI, although flexed, extended and 
traction views can be obtained using CT, with or without 
myelography. The current opinion is that MRI is the modal -
ity of choice (De Decker et al., 2013). In the emergency sit-
uation, these animals may be treated in a manner similar to 
animals with intervertebral disc disease. Without surgery, 
many dogs will eventually show a progression of clinical 
signs. However, a retrospective comparison of both medi -
cal and surgical treatment in 106 dogs showed that out -
come was not significantly different between groups and 
that median survival times were also similar at 36 months 
(da Costa et al., 2008).

Meningoencephalitis of unknown aetiology
Granulomatous meningoencephalitis and necrotizing 
encephalitis are considered to be due to immune system 
responses in the central nervous system. Clinical signs are 
typically acute in nature, progressive and have a multifocal 
or diffuse localization. Collectively, they can be considered 
meningoencephalitis of unknown aetiology, as they are 
treated much the same way. MRI may show multifocal 
hyperintense lesions on T2 and FLAIR image sequences. 
These lesions may or may not contrast enhance. CSF 
analysis may show increases in protein, mononuclear cells 
and non-degenerate neutrophils.

Definitive diagnosis requires biopsy. Prednisolone at 
immunosuppressive doses (1–2 mg/kg q12h for 5 days; 
then 1 mg/kg q24h for 3–6 weeks; then 0.5 mg/kg q24h for 
3 weeks; then 0.5 mg/kg indefinitely) may result in initial 
improvement in neurological signs. Other agents have also 
been used in combination with corticosteroids, including 
cytosine arabinoside (administered at 200 mg/m 2 in four 

subcutaneous injections over a 24-hour period) or ciclo -
sporin (administered at 3–6 mg/kg q12h). Other medica -
tions in use include: lomustine, mycophenolate mofetil, 
leflunomide and procarbazine. Prognosis is guarded and 
further evaluation of survival times is necessary; however, 
there are reports of up to 1025 day survival times with 
combination therapies (Talarico and Schatzberg, 2010).

Steroid-responsive meningitis
Signs of severe neck pain, fever, lethargy and neurological 
deficits attributable to disease of cervical spinal cord seg -
ments 1–5 may occur in young dogs. CSF analysis reveals 
marked increases in protein and in white blood cells, with 
non-degenerate neutrophils the most common cell type. 
Culture of the CSF is negative. Some dogs are afflicted by 
a more chronic form with a mononuclear pleocytosis  
present in CSF. Elevated serum and CSF IgA concentra-
tions may help in diagnosis. The disease is considered an 
immune-mediated disorder. Treatment with glucocorti -
coids (prednisolone 1–2 mg/kg q12h for 3 days and then 
decreased over time to the dose necessary to control 
signs) is required for several months; relapse of clinical 
signs is common. C-reactive protein serum concentrations 
may be used to monitor response to therapy (Tipold and 
Schatzberg, 2010).

Causes and management of diseases of 
peripheral nerve, muscle and 
neuromuscular junction
Diseases of peripheral nerves and muscles commonly 
result in flaccid paresis or paralysis. Clinical signs include 
a short-strided gait, postural reaction deficits and dimin -
ished segmental reflexes. Postural reaction deficits may 
improve when the weight of the animal is lifted during test -
ing. Neurogenic muscle atrophy is common.

Botulism
Signs of flaccid paralysis and hyporeflexia occur in dogs 
hours to days after ingesting preformed toxin. Cranial 
nerve deficits include decreased ability:

• To blink the eyelids
• To lift the upper lip
• To close the mouth
• To lap water or swallow.

Change in voice, regurgitation, megaoesophagus, 
decreased perineal reflex, faecal and urinary incontinence, 
and respiratory paralysis may occur. Botulism is suspected 
from the history, clinical signs and electrodiagnostic testing 
(decreased compound motor action potential following 
nerve stimulation). Toxin may be identified in food, serum, 
stomach contents or faeces early in the course of the  
disease. Supportive care is given, a gastro stomy tube is 
placed if needed and the animal is monitored for aspiration 
pneumonia and respiratory paralysis. Signs may resolve 
with supportive care within 2–3 weeks.

Acute polyradiculoneuritis and polyneuritis
Affected dogs may have been recently vaccinated or have 
a history of exposure to raccoons; some dogs may  
have no history of exposure to either. A similar syndrome 
has been seen in cats, and in humans this condition is 

Lateral radiograph taken in neutral position demonstrating 
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increased space between the dorsal aspect of the atlas and the spinous 
process of the axis, as well as the dorsal displacement of the ventral axis 
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known as Guillain–Barré. Flaccid paralysis and hypo-
reflexia occur. Facial muscle paresis and a change in voice 
are common. Respiratory paralysis may occur. Interest -
ingly, however, tail and neck motion, swallowing, and  
faecal and urinary continence are often maintained. The 
animal may be hyperaesthetic to touch. CSF analysis may 
show an increase in protein and cells. Electro  myography 
may reveal fibrillation potentials and positive sharp waves 
in the majority of muscles tested. Nerve conduction  
velo city is slow, and evoked potentials may be decreased 
in amplitude. Biopsy specimens of nerve root or nerve may 
show inflammatory cell infiltrates, demyelination and 
axonal loss. Prednisolone (1 mg/kg q12h for 1–2 weeks; 
then 1 mg/kg q24h for 1 month) may be given; however, 
there is controversy as to whether it has any effect on  
the progression of this disease. Supportive care to pre  -
vent and treat decubital ulcers and urinary tract infections 
and observation for respiratory muscle paresis should  
be performed.

One study found that dogs given human intravenous 
immunoglobulin recovered to ambulation at a median of 
27.5 days compared with 75.5 days without therapy. There 
were adverse reactions including anaphylaxis and haema-
turia. This result was not statistically significant and larger 
patient numbers are necessary (Hirschvogel et al., 2012). 
Recovery may take 6–8 weeks and may be incomplete. 
Signs may recur.

Tick paralysis
Some species of tick can cause signs of peripheral neuro -
muscular disease that start to develop several days follow-
ing attachment of the tick. This disease is reported in  
the USA and a more severe form occurs in Australia. In the 
USA, Dermacentor variabilis and D. andersoni (the Rocky 
Mountain wood tick) are incriminated most often. Other spe -
cies that occasionally cause paralysis are Ixodes cornuatus  
and I. hirsti. Ixodes scapularis, the principal vector of the 
agent of Lyme disease (Borrelia burgdorferi ) in the north-
east, midwest and southeast of the USA, can also cause 
tick paralysis in dogs. Ixodes pacificus  has been incrimi-
nated in dogs in the Grass Valley area (Nevada County) of 
northern California. In Australia, especially along the east 
coast, Ixodes holocyclus is the most important species.

Affected dogs typically still have the tick attached. 
Flaccid paralysis and hyporeflexia occur. Nystagmus, 
change in voice, dysphagia, weakness of facial muscles 
and masticatory muscles, and respiratory paralysis may 
occur. Electrodiagnostic testing may show reduction in 
amplitude or absence of the compound motor action 
potential following nerve stimulation and a slow nerve con -
duction velocity. Removal of ticks results in resolution of 
clinical signs within 24–72 hours. Ticks may be hard to 
find, however, and whole-body shaving may be necessary. 
Application of tick bathing products or spot-on treatment 
may prove helpful.

Insulin-secreting tumours
Serum glucose concentrations <2.8 mmol/l may result in 
clinical signs. Flaccid paralysis, hyporeflexia, lethargy, 
bradycardia, muscle tremors, hypothermia, disorientation 
and seizures may occur. Electromyographic examination 
may show fibrillation potentials, positive sharp waves  
and complex repetitive discharges. Small quantities of 
food high in protein, fat and complex carbohydrates may 
be provided frequently. Diazoxide (10 mg/kg q12h) and 
prednisolone (0.5 mg/kg/day) may be given.

Tetanus
Tetanus is the continuous tonic contraction of a muscle 
due to rapidly repeated stimulation. The causative organ -
ism, Clostridium tetani, synthesizes a potent neurotoxin 
(tetanospasmin) following germination of spores under 
anaerobic conditions, typically after infecting a deep 
wound. The toxin then travels in a retrograde fashion along 
axons within a peripheral nerve into the central nervous 
system. Clinical signs occur due to the ability of the toxin 
to inhibit the release of neurotransmitters (glycine and 
GABA) from upper motor neurons and interneurons of  
the brainstem and spinal cord, resulting in a release of the 
lower motor neuron from inhibition. Clinical signs of gener -
alized tetanus include extensor rigidity of appendicular 
muscles, risus sardonicus and trismus. Dyspnoea, dys -
phagia, and urinary and faecal retention may occur. Focal 
tetanus occurs when rigid extension is limited to one limb 
or muscle group.

Treatment with penicillin G (20,000–100,000 IU/kg i.v. 
q6h) is recommended and, if a wound is identified, it 
should be debrided to remove C. tetani . Tetanus antitoxin 
is given at 100–1,000 IU/kg i.v. A small test dose may be 
given initially to observe for an anaphylactic reaction. The 
patient should be kept in a quiet environment with little 
stimulation. Diazepam and acepromazine may be given to 
relax or calm the patient. Methocarbamol may be given  
to help with muscle relaxation (55–100 mg/kg i.v. q30–60 
minutes up to 330 mg/kg/day). Nursing care is essential  
to maintain hydration and nutrition until the patient is  
able to drink and eat without assistance. If paralysis of the 
intercostal muscles occurs, ventilatory support may be 
necessary, although this is uncommon.

A study of 20 dogs with tetanus found that mostly 
young, large-breed dogs were affected. Twelve of these 
dogs had a source of infection identified. There was no 
adverse reaction in the 16 dogs that received the antitoxin. 
The mortality rate was 50% and the time to recovery in the 
surviving dogs was about 1 month (Bandt et al ., 2007). A 
separate study of 38 dogs and risk factors identified 
younger dogs at greater risk for developing more severe 
signs. Dogs that had abnormal heart rate or blood pres -
sures had a worse prognosis (Burkitt et al., 2007).

Toxoplasmosis/neosporosis
In puppies, flaccid paralysis that progresses to rigid 
extension of the pelvic limbs occurs to such a degree that 
the joints are no longer able to flex, even under general 
anaesthesia. Evidence of systemic disease may be rec-
ognized. Increased antibody titres occur. Trimethoprim/
sulfadiazine (15 mg/kg q12h for 2 weeks) and clindamycin 
(10 mg/kg q12h for 8 weeks) may result in improvement of 
clinical signs; however, once hindlimb rigidity has devel -
oped, improvement will not occur with therapy. If only 
one limb is affected, amputation may be considered in 
these animals.

Aortic thromboembolism
Animals are in pain, limbs are cool, pulses are weak or 
absent and muscles are firm. Abdominal ultrasonography 
may identify a thrombus in the aorta. Analgesics, intra -
venous fluids, heparin, acepromazine and aspirin may be 
given (see Chapter 6 for more details). Thromboembolism 
has been associated with cardiomyopathy in cats and with 
protein-losing nephropathy in dogs (Flanders, 1986; Van 
Winkle et al., 1993).
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Others
Hypoadrenocorticism and diabetes mellitus may cause 
hindlimb paresis in addition to signs of metabolic disease. 
Diabetic cats and dogs may have a plantigrade stance. 
Control of metabolic disease commonly results in resolu -
tion of neurological dysfunction. Early polyneuropathy or 
myasthenia gravis may result in signs of hindlimb paresis 
(see Episodic weakness/syncope).

Episodic weakness/syncope
Episodic weakness and collapse may occur due to neuro -
muscular or brain disease, syncope or metabolic disorders.

Neuromuscular disorders
Acquired myasthenia gravis
At least three clinical presentations may occur (Dewey et 
al., 1997):

• Focal myasthenia gravis:  animals exhibit facial, 
pharyngeal and/or laryngeal muscle dysfunction 
without appendicular muscle involvement. 
Megaoesophagus, regurgitation and aspiration 
pneumonia may occur

• Generalized myasthenia gravis:  animals exhibit 
appendicular muscle weakness with a stiff, short-
strided gait, with or without signs of facial, pharyngeal 
and/or laryngeal muscle dysfunction. Strength may or 
may not return following periods of rest

• Acute fulminating myasthenia gravis: signs include a 
sudden, rapid progression of severe appendicular 
muscle weakness, resulting in recumbency which is 
unabated by rest; frequent regurgitation associated 
with megaoesophagus; respiratory difficulty; and facial, 
pharyngeal and/or laryngeal muscle dysfunction.

For diagnosis, blood acetylcholine receptor antibody 
concentrations may be elevated (>0.6 nmol/l in dogs and 
>0.3 nmol/l in cats). Edrophonium (0.1–0.2 mg/kg i.v.) may 
result in dramatic improvement in gait for 1–2 minutes. 
Pretreatment with atropine (0.02 mg/kg i.v.) is recom -
mended when performing an edrophonium test to reduce 
the risk of serious cardiovascular side effects.

Compound action potentials recorded from the inter -
osseous muscle may show a 10% or greater decremental 
response following repetitive stimulation (Hopkins, 1992).

Emergency management of suspected myasthenia is 
largely supportive, with attention focused on respiration, 
care of the recumbent patient, treatment of aspiration 
pneumonia and management of nutrition while awaiting 
antibody test results. Long-term management includes 
administration of oral pyridostigmine (0.2–2.0 mg/kg 
q8–12h); alternatively, in animals with significant dysphagia 
and regurgitation, neostigmine can be given intramuscu -
larly (0.04 mg/kg q6–8h). Animals should be kept warm and 
exercise restricted. Animals with dysphagia and mega -
oesophagus should be fed from a height with the head and 
neck elevated for 10 minutes after eating. Aminoglycoside 
antibiotics should be avoided due to the possibility that 
they may exacerbate neuromuscular blockade.

Prednisolone may result in a rapid worsening of clinical 
signs and its use is contraindicated in the presence of 
aspiration pneumonia. However, in the authors’ experi -
ence, prednisolone may improve pharyngeal dysfunction 

sooner than cholinesterase inhibitors alone. A starting 
dose of 0.5 mg/kg/day increased to 2 mg/kg/day over 1 
week has been suggested when aspiration pneumonia is 
not present (Le Couteur, 1988). Additionally, treatment with 
azathioprine has proven useful and may minimize side 
effects due to steroid administration. Five dogs were 
treated with azathioprine at 2 mg/kg along with pyridostig -
mine and four of these had an 81% reduction in antibody 
concentration that coincided with clinical improvement 
(Dewey et al., 1999). Although single reports of successful 
treatment have been found, a study of 15 dogs receiving 
combination therapy with mycophenolate mofetil showed 
no benefit over treatment with pyridostigmine alone 
(Dewey et al., 2010).

Exertional rhabdomyolysis
Racing Greyhounds may present with scuffing of the nails 
of the hindlimbs, muscle pain, tachypnoea, collapse and 
hyperthermia within 72 hours of exercise. Increased cre -
atine kinase, lactate dehydrogenase, aspartate amino -
transferase, blood lactate and myoglobin may occur. Renal 
failure may also occur. Treatment consists of intravenous 
fluids (to treat shock and to aid in the excretion of myo -
globin), cold water baths and pain medication. Intravenous 
bicarbonate may be used to support cardiovascular and 
renal function. Alkalinization of the urine may also inhibit 
the formation of haematin in acidic urine, which can have 
toxic effects (Porzio et al., 1997).

Exercise-induced collapse
Some Labrador, Chesapeake Bay and Curly Coated 
Retrievers, Boykin Spaniels and Pembroke Welsh Corgis 
have been found to carry a mutation in the dynamin-1 gene 
(DNM1). This encodes for enzymes that participate in  
cellular endocytosis (i.e. synaptic vesicles). In Labrador 
Retrievers homozygous for the mutation, a syndrome of 
collapse occurs following 5–20 minutes of intense exer -
cise. It begins with hindlimb incoordination and progresses 
to a non-painful flaccid paraparesis, which can involve  
the thoracic limbs as well. Loss of the patellar reflex is 
common. Hyperthermia is also noted. Dogs recover after 
15–30 minutes of rest, but deaths have been reported. 
There is no effective treatment, and dogs should be 
restricted to mild to moderate exercise (Minor et al ., 2011).

Polymyositis
Dogs and cats of any age may present with generalized 
weakness that worsens with exercise (Evans et al., 2004). 
The gait is stiff and short-strided, and dysphagia, regurgi -
tation, megaoesophagus, change in voice, painful appen -
dicular muscles, fever and lethargy may occur. Increases 
in creatine kinase, aspartate aminotransferase, lactate 
dehydrogenase and antinuclear antibody may occur. 
Electromyography may reveal fibrillation potentials, posi-
tive sharp waves and bizarre high-frequency discharges. 
Muscle biopsy reveals lymphoplasmacytic inflammation 
and muscle necrosis. Toxoplasmosis and neosporosis 
should be ruled out with titres and muscle biopsy. 
Prednisolone may be given (1 mg/kg q12h initially) and 
reduced to the lowest dose necessary to control signs. 
Pharyngeal and oesophageal muscle involvement may 
result in aspiration pneumonia.

Masticatory myositis, an autoimmune condition with 
antibodies directed at the 2M muscle fibres found in the 
masticatory musculature of dogs, may present with swelling 
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and pain around the head. Specific 2M antibody titres or 
biopsy samples of the temporalis or masseter muscles can 
be evaluated for diagnosis.

Extraocular myositis is a similar auto immune condition 
with marked swelling of the extraocular muscles causing 
severe bilateral exophthalmos. Diagnosis from clinical signs 
alone or with MRI is generally sufficient. Treatment for both 
masticatory and extraocular myositis is largely the same as 
described above.

Brain disease
Narcolepsy/cataplexy
Episodes last seconds to minutes and are marked by acute 
collapse, decreased muscle tone and rapid eye movement 
sleep. Episodes may be provoked by excitement, food or 
physostigmine (0.025–0.1 mg/kg i.v.). Minimizing excite -
ment and giving imipramine hydrochloride (0.5–1 mg/kg 
orally q8h) or venlafazine (2.5 mg/kg/day) may decrease the 
number of events.

Syncope
Syncope due to cardiovascular or respiratory disease 
occurs most commonly during periods of exercise or 
excitement.

Cardiovascular disease
Episodic weakness, ataxia, lethargy, dyspnoea and syn -
cope may occur. Evidence of a heart murmur, irregular 
heart rate or rhythm, bradycardia or tachycardia, weak or 
irregular pulses, polycythaemia, heartworm infection and 
electrocardiographic abnormalities between or during 
events suggest cardiovascular disease as the cause. More 
details can be found in Chapter 6.

Respiratory disease
Hypoxia, particularly if chronic, may result in syncope.

Metabolic disorders
Hyperthyroidism
Episodic weakness, decreased ability to jump, muscle 
tremors and ventroflexion of the neck may occur in addi -
tion to other signs of hyperthyroidism (Joseph and 
Peterson, 1992). Post-insertional trains of positive sharp 
waves are reported on electromyographic examination. 
Stress should be decreased and methimazole admini -
stered (10–15 mg/day orally divided q12h).

Hypoadrenocorticism
Episodic weakness, stiff, stilted hindlimb gait, muscle  
tremors, vomiting, anorexia, weight loss, dehydration, weak 
pulses and shock may occur. Intestinal parasites (whip -
worms in particular) may cause clinical signs mimicking 
those of an Addisonian crisis. Stress should be decreased, 
intravenous fluid support provided and hypoglycaemia 
treated. Dexamethasone sodium phosphate (0.1–0.2 mg/kg 
i.v.) may be given until the diagnosis is confirmed (see 
Chapter 16).

Hyperkalaemia
Appendicular and neck muscle weakness, brady  - 
cardia, dysrhythmias, weak pulses, electrocardiographic  

abnormalities and hyporeflexia may occur when serum 
potassium is >6.5 mmol/l. Weakness resolves with treat -
ment of hyperkalaemia.

Hypokalaemic myopathy
This is seen principally in cats. Ventroflexion of the neck, a 
stiff, short-strided gait, episodic weakness, pain on  
muscle palpation and respiratory muscle paresis/paralysis 
may occur. A serum potassium level <3.5 mmol/l, 
increased creatine kinase, azotaemia and metabolic acido -
sis may be found. Electromyographic examination may 
reveal fibrillation potentials and positive sharp waves. 
Mildly or moderately affected cats may be treated with  
oral potassium supplementation (5–8 mmol potassium 
q12–24h). Intravenous potassium infusion (CRI <0.5 mmol/
kg/h) may be given to those with severe weakness and 
respiratory depression. Occasionally, hypomagnesaemia 
may accompany hypokalaemia and exacerbate the weak -
ness. Weakness resolves with treatment of hypokalaemia 
and, if present, hypomagnesaemia.

Others
Other diseases that may present with episodic weakness 
include Episodic Falling Syndrome of Cavalier King Charles 
Spaniels, mitochondrial myopathy of Clumber and Sussex 
Spaniels and Old English Sheepdogs, phosphofructokinase 
deficiency of English Springer Spaniels, panosteitis, hyper -
trophic osteodystrophy, polyarthritis, anaphylactic reac -
tions, and the presence of a phaeochromocytoma. A good 
history is necessary to rule out epileptic activity as a cause 
for paroxysmal collapse.
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Team approach to the critically 
ill patient – the role of the 
veterinary nurse
Emily Savino and Lila Sierra

Veterinary emergency services and critical care units pro -
vide advanced, specialized care and continuous 24-hour, 
7-day a week monitoring to the most dynamic, fragile, crit -
ically ill patient population. A highly trained, multidisci - 
p linary team of veterinary surgeons (veterinarians), nurses 
and support staff collaborate to provide intensive monitor -
ing and state-of-the-art care. This team may consist of 
specialist clinicians and specialized veterinary nurses, 
and may also include experienced emergency veterinary 
surgeons, emergency and critical care (ECC) residents, 
interns, veterinary students and additional support staff. 
These clinical teams provide comprehensive patient care 
focused on optimizing patient outcomes and, ultimately, 
returning patients to their owners.

In this intense, demanding environment, it is essential 
that members of the critical care team work together as a 
cohesive unit to maximize successful patient outcomes. 
This chapter is focused on the team approach to the criti -
cally ill patient, emphasizing the role of the ECC nurse. 
Each of the topics discussed in this chapter: global moni -
toring and patient assessment; critical thinking; record 
keeping; and communication, collaboration and successful 
teamwork has its individual merits. However, when com -
bined, they outline a team-centred approach to caring for 
the critically ill veterinary patient.

Global monitoring and patient 
assessment
Members of the critical care team must be able to rapidly 
assess and triage patients; treatment of the most critical 
cases must be prioritized over more stable cases. It is 
essential that all members of the intensive care unit (ICU) 
team, including veterinary nurses, are able to perform a 
physical examination quickly and competently. Of equal 
importance is the ability to interpret the resulting informa -
tion and respond in an appropriate and efficient manner.

Critically ill patients are very dynamic; frequent, re-
peated physical assessments are necessary to evaluate a 
patient’s response to treatment and detect subtle, but 
significant, changes in cardiovascular or respiratory  
status. Assessment of any one body system should not 
be interpreted independently – it is imperative that all of 
the information gathered during the physical assessment 
is compiled for an accurate global assessment of the 
patient’s respiratory, cardiovascular, neurological and  
urinary systems.

Valuable information regarding the patient’s cardio  - 
vas cular and respiratory status can be obtained from 
advanced monitoring equipment; however, use of these  
mon itors should not take precedence over performing a 
comprehensive physical examination. The nurse’s initial 
physical examination should assess the major body sys -
tems that are vital for immediate survival: the cardiovas -
cular, respiratory, central nervous and urinary systems.

Basic evaluation of the cardiovascular 
system
Basic cardiovascular assessment includes evaluation of 
mucous membrane colour, capillary refill time (CRT), heart 
rate and arterial pulse quality. Additional information 
regarding the patient’s haemodynamics can be obtained 
from advanced monitoring equipment, including arterial 
blood pressure measurement, central venous pressure 
measurement and continuous electrocardiography.

�4�\�J�V�\�Z���T�L�T�I�Y�H�U�L���J�V�S�V�\�Y���H�U�K���J�H�W�P�S�S�H�Y�`���Y�L�Ä�S�S���[�P�T�L
The oral mucous membrane colour is usually easiest to 
assess and the best site to use for CRT is the gingiva adja-
cent to the canine tooth (Figure 25.1), avoiding areas that 
are inflamed due to gingivitis. A normal animal should have 
pink mucous membranes. Variants of normal mucous 
membrane colour and CRT may give insight into the 

The oral mucous membranes, showing the site where a 
�…�ƒ�’�‹�Ž�Ž�ƒ�”�›���”�‡�¤�Ž�Ž���–�‹�•�‡���•�Š�‘�—�Ž�†���„�‡���’�‡�”�ˆ�‘�”�•�‡�†�ä25.1
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