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ABSTRACT: Syncope is a diagnostically challenging syndrome in humans and domestic ani-
mals. The pathophysiology of syncope is related to a short-term decrease in cerebral perfu-
sion or cerebral delivery of oxygen or other essential nutrients. Syncope can be caused by car-
diac disorders, reflex vagal syndromes, neurologic diseases, and metabolic abnormalities. A
thorough history and physical examination as well as appropriate ancillary tests are needed to
differentiate syncope from seizures, episodic weakness, and narcolepsy/cataplexy. Initial diag-
nostic steps include complete blood work, electrocardiography (ECG), and blood pressure
measurements. Echocardiography with Doppler can be used to identify structural and func-
tional cardiopulmonary abnormalities. Holter monitors, cardiac event recorders, and continu-
ous in-hospital ECGs are useful in identifying arrhythmogenic causes. Although a definitive
cause of syncope may not be identified, it is important to rule out cardiac causes because of
their association with higher mortality.

Syncope is an acute temporary loss of consciousness with spontaneous recov-
ery caused by a short-term cerebral deficiency of oxygen or other essential
nutrients.1,2 In humans, syncope accounts for 3% of all emergency room

visits; however, a cause for these episodes is often elusive. Despite extensive test-
ing, 25% to 30% of individuals remain undiagnosed.3–6 Diagnosing syncope in
animals can be even more challenging. These episodes—often described as faint-
ing—must be first differentiated from other similar episodes such as seizures,
episodic weakness, and, rarely, narcolepsy/cataplexy syndromes.7 Diagnostic dif-
ferentials for syncope include cardiac disorders, hypotensive and reflex vagal syn-
dromes, nervous system diseases, and metabolic abnormalities. An understand-
ing of the pathophysiology of syncopal episodes and a stepwise diagnostic plan
can help elucidate the cause of syncope in many animals.

PATHOPHYSIOLOGY
Syncope occurs either when cerebral blood flow is transiently interrupted or
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n Syncope is a sudden temporary
loss of consciousness that can 
be caused by cardiac disorders,
hypotensive and reflex vagal
syndromes, neurologic disease,
or metabolic abnormalities.

n Syncope should be differentiated
from seizures, episodic muscle
weakness, and narcolepsy/
cataplexy. 

n Cardiac causes of syncope are
likely to be associated with a
higher mortality rate than other
causes of this syndrome.

            



when oxygen or nutrient delivery is impaired for other
reasons.2,7 The main determinant of cerebral blood flow
is cerebral perfusion pressure (CPP), which is deter-
mined by mean arterial blood pressure (MAP) and by
intracranial pressure (ICP):

CPP = MAP – ICP

Cerebral perfusion pressure can be reduced, and syn-
cope can result from either a decrease in MAP or an in-
crease in ICP. Cardiac disorders that lead to reduced
cardiac output (CO) and resultant decreased MAP are a
cause of syncope. Hypotensive and reflex vagal syn-
dromes can also lead to a decrease in MAP, which re-
sults in syncope because of reduced CO or a sudden
drop in systemic vascular resistance. Neurologic dis-
eases, in contrast, cause syncope through an increase in
ICP with a resultant decrease in CPP. Metabolic abnor-
malities that cause syncope are those disorders in which
MAP and ICP are normal but either crucial nutrients
or oxygen is decreased for other reasons. Causes of syn-
cope are summarized in Box 1, and the pathophysiolo-
gy of each is described below.

Cardiac Syncope
Cardiac disease results in syncope because of de-

creased CO and blood pressure with a resultant de-
crease in CPP. Cardiac syncope is often associated with
stress or exertion because the compromised heart can-
not increase CO adequately to meet the increased oxy-
gen demand. Because CO is determined by heart rate
(HR), contractility, ventricular filling, and afterload,
diseases that affect these parameters may result in syn-
copal episodes.

Arrhythmias are a common, well-characterized cause
of transient loss of consciousness in dogs and cats.8–12

Bradyarrhythmias such as high-grade, second-degree
heart block; third-degree heart block; sick sinus syn-
drome; and sinoatrial arrest are typical arrhythmias that
lead to syncope. Small decreases in HR allow for pro-
longed ventricular filling and a compensatory increase
in stroke volume (SV). However, a severe decrease pre-
vents an adequate compensatory increase in SV, leading
to decreased CO and cerebral perfusion13 :

CO = HR × SV

Tachyarrhythmias (e.g., rapid ventricular or supra-
ventricular arrhythmias) significantly shorten ventricu-
lar filling time, leading to decreased CO and resultant
syncopal episodes.8–10 Atrial fibrillation can contribute
to syncope by eliminating atrial contribution to ven-
tricular filling, especially when ventricular function is
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Decreased Cardiac Output
Arrhythmias
n Sinus node disease (sinus arrest, sick sinus

syndrome)
n Second- and third-degree atrioventricular block
n Hyperkalemia-induced bradycardia
n Drug-induced bradycardia
n Ventricular tachycardia
n Supraventricular tachycardia

Decreased contractility/decreased filling
n Dilated cardiomyopathy
n Hypertrophic cardiomyopathy
n Restrictive cardiomyopathy
n Tamponade/pericardial effusion
n Cardiac tumors

Obstruction to left ventricular outflow
n Aortic stenosis
n Hypertrophic cardiomyopathy
n Intracardiac tumors

Obstruction to right ventricular outflow
n Pulmonic stenosis
n Pulmonary hypertension
n Heartworm disease
n Pulmonary thromboembolism
n Cardiac tumors

Hypotensive and Reflex Vagal Syndromes
n Acute hypovolemia (blood loss, severe dehydration)
n Medications (vasodilators)
n Vasovagal syncope
n Cough syncope

Neurologic Diseases
n Thromboembolism/stroke
n Brain neoplasia

Metabolic Disorders
n Acute blood loss
n Hypoglycemia
n Anemia

BOX 1
Causes of Syncope

already abnormal.1,7 Both bradyarrhythmias and tach-
yarrhythmias are most likely to cause syncopal episodes
when an abrupt, dramatic change in HR and rhythm
occurs.

Cardiac disorders that decrease cardiac contractility
or filling can also decrease MAP enough to decrease



CPP, which results in syncope, especially during exer-
tion. Cardiac contractility is affected by structural heart
diseases such as dilated cardiomyopathy in dogs and
hypertrophic and restrictive cardiomyopathy in cats.14

Ventricular filling is determined by venous return, dias-
tolic compliance, and the ability of the ventricles to
hold adequate blood volumes. Pericardial effusion and
resultant tamponade can prevent adequate venous re-
turn and filling by compression on the right atrium and
ventricle.15 Hypertrophic cardiomyopathy causes de-
creased size and compliance of the ventricles.16 Cardiac
tumors can affect cardiac filling by several means, in-
cluding obstruction of venous return; occupying space
within the heart; or acute bleeding within the pericardi-
um, causing tamponade.17–20

Syncope can also result from obstruction of cardiac
outflow. Obstruction to the flow from the right side of
the heart decreases venous return to the left, thus re-
ducing ventricular filling and CO. Pulmonic stenosis,
pulmonary hypertension, cardiac tumors, and heart-
worm disease are all causes of right ventricular outflow
tract obstruction.19 In a study21 of pulmonic stenosis in
dogs, five of 29 dogs (17%) presented with syncope.
Although arrhythmia could not be conclusively ruled
out as the cause, none of the dogs had arrhythmias
identified on in-clinic electrocardiography (ECG).21 In
a study22 of dogs with pulmonary hypertension of vary-
ing etiology, 23% presented with a history of syncope. 

Left-side obstructions to outflow increase afterload on
the heart and decrease CO. These obstructions include
aortic stenosis; intracardiac tumors; and dynamic out-
flow obstruction, which occurs with hypertrophic car-
diomyopathy. Approximately 40% of humans with se-
vere aortic stenosis have syncopal events.1 Episodic left
ventricular outflow obstruction with syncope from a pe-
dunculated intracardiac mass has also been reported.18

Heart diseases that result in right-to-left shunting of
blood can also cause syncope.2,7,14 These disorders in-
clude forms of Eisenmenger’s syndrome and tetralogy
of Fallot. Eisenmenger’s syndrome is defined as a
shunting cardiac defect such as an atrial septal defect,
ventricular septal defect, or a patent ductus arteriosus
that exists with pulmonary hypertension and thus has
bidirectional or right-to-left shunting of blood.23 Re-
versed patent ductus arteriosus (although rare) is the
most common form of Eisenmenger’s syndrome. Ani-
mals with this syndrome have hind-end cyanosis caused
by admixture of venous blood distal to the shunt, are
polycythemic secondary to hypoxia, and can have syn-
cope secondary to hypoxia and sludging of blood from
polycythemia or from arrhythmias.23 Tetralogy of Fal-
lot is a complex congenital anomaly composed of pul-
monic stenosis, ventricular septal defect, a dextroposi-

tioned aorta, and secondary right ventricular hypertro-
phy. If the pulmonic stenosis is severe enough to gener-
ate right ventricular pressure greater than left ventricu-
lar pressure, blood shunts from right to left across the
septal defect. This shunting leads to admixture of oxy-
genated and unoxygenated blood with subsequent sys-
temic hypoxia and cyanosis.23 Of 19 cases of tetralogy
of Fallot,2 three had a history of syncope or collapse.
Syncope in these patients was most commonly ob-
served with exercise or exertion.2

In many cardiac diseases, multiple mechanisms are at
work. Although animals with dilated cardiomyopathy
have decreased contractility, their syncopal events are
commonly caused by concurrent ventricular tachy-
arrhythmias.2,10 Animals with pulmonary thromboem-
bolism may have syncope from either severe pulmonary
hypertension or hypoxia and decreased oxygen delivery
to the brain. Animals with tetralogy of Fallot have right
ventricular outflow tract obstruction and systemic hy-
poxia and are prone to arrhythmias. Additionally, poly-
cythemia can develop, leading to hyperviscosity of
blood and subsequent decreased cerebral blood flow.2,23

Although cardiac abnormalities—especially arrhyth-
mias—are usually described as the cause of syncope in
animals, a recent study using cardiac event recorders re-
vealed that only 35% (18 of 51) of the animals had an
arrhythmogenic cause for the syncopal episodes. Of the
21 animals with structural heart disease, syncope could
be ascribed to arrhythmia in only 9.11 In one large
prospective study4 of humans with syncope, arrhyth-
mias were causative in 18%; other cardiopulmonary
diseases were involved in only an additional 7%. 

Hypotensive Disorders and 
Reflex Vagal Syndromes

Hypotension can result from decreased CO or pe-
ripheral resistance. Acute hypovolemia caused by ex-
treme dehydration or acute hemorrhage (e.g., gastroin-
testinal bleeding, bleeding abdominal tumor) can lead
to a decrease in preload.3,4,14,24 Sympathetic stimulation
usually leads to vasoconstriction, increased HR, and in-
creased contractility, which preserves CO and MAP. In
the presence of an empty ventricle, however, very acute
decreases in preload may result in vigorous contraction
of the ventricles, which can excessively stimulate ven-
tricular mechanoreceptors and lead to paradoxical va-
sodilation, bradycardia, and resultant syncope.25 In one
study4 of 433 humans with syncope, 18 were found to
be hypotensive due to either extreme dehydration (13)
or secondary to gastrointestinal bleeding (five). Hy-
potension can also be iatrogenic.26 Nitroglycerin,
enalapril, and hydralazine can cause hypotension by ex-
treme vasodilation; therefore, animals on these medica-
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tions are often normal at rest but can have syncopal
episodes during times of exertion or exercise if CO can-
not be increased enough to compensate for the decrease
in systemic vascular resistance.1,4,14 Excessive diuretic
administration can also cause exertional syncope by
leading to dehydration and resultant hypotension.14

Neurocardiogenic syncope, reflex vagal syndromes,
and vasomotor instability refer to syncope that results
from reflex mechanisms associated with inappropriate
vasodilation and/or bradycardia. These conditions are
common in humans and can be further categorized as
vasovagal, vasodepressor, situational, or carotid sinus
syncope (depending on the reflex arc implicated).1 A
common example in humans is fainting in response to
a fearful or stressful situation (situational syncope). In
these cases, stress leads to a baroreceptor-mediated in-
crease in sympathetic tone with an initial increase in
HR and blood pressure. However, stress can also lead to
peripheral muscle vessel dilation with shunting of
blood out of the central circulation. As described with
acute hypovolemia, vigorous contractions of an empty
ventricle can lead to mechanoreceptor stimulation,
paradoxical vasodilation, and bradycardia.1,3,25 Vasovagal
syncope in humans usually occurs during standing (or-
thostatic hypotension) and is believed to be further re-
lated to the venous pooling that occurs in the extremi-
ties during upright posture.1

Although emotional or stress-related faints have not
been documented in animals, cough syncope—a type
of situational vagal syncope—is fairly common in
small, brachycephalic breeds of dogs.14 Coughing in-
creases intrathoracic pressure and ICP transiently. The
increased intrathoracic pressure decreases venous return
to the heart and leads to decreased CO when ICP is
high. This can result in syncope secondary to poor
cerebral perfusion.1,2,27 Coughing can also stimulate va-
gal afferents in the upper airways and cause vagal effer-
ent release with resultant bradycardia, vasodilation, and
collapse.1,7,27 Rarely, cough-induced syncope may be
mediated by complete heart block effected through ex-
treme vagal responsiveness, which can be confirmed
with an ECG recording during the coughing episode.27

Cough syncope in dogs is often associated with collaps-
ing trachea, chronic obstructive pulmonary disease, and
valvular disease with atrial enlargement.2,14

A similar neurocardiogenic syncope was described in
a group of related pugs.13 In these dogs, coughing,
barking, and gagging often preceded episodes of com-
plete cardiac standstill and concurrent syncope. Surface
laryngeal electromyogram measurements indicated that
laryngospasm was temporally associated with the
episodes of cardiac standstill. As previously mentioned,
stimulation of vagal afferents in the larynx by coughing

or barking can cause a reflex loop with vagal efferent
stimulation resulting in extreme bradycardia and hy-
potension.1,27 In these dogs, a narrowing of the conduc-
tion system at the level of the bundle of His was noted
on necropsy. It was proposed that cardiac standstill in
the pugs was related to extreme airway vagal response
secondary to brachycephalic upper airway disease and
that abnormal conduction at the bundle of His pre-
vented the generation of escape beats.13

Neurologic Syncope
Neurologic diseases can cause increased ICP with re-

sultant decreased cerebral perfusion. Cerebral edema,
brain tumors, meningitis or encephalitis, and cerebral
vascular obstructions are all potential causes of in-
creased ICP.7 Increased ICP usually occurs gradually
and is persistent. Therefore, it often results in depres-
sion, stupor, seizures, or coma rather than syncopal
episodes. However, a small percentage of humans with
syncope (8 of 433 in one study) are associated with
transient ischemic attacks; therefore, this could theoret-
ically occur in animals as well.4 One report28 described
a 4-year-old Irish setter in which syncope and extreme
bradycardia were correlated with the presence of a large
meningioma. However, it was unclear whether the syn-
cope was due to the presumptive increased ICP, sec-
ondary to the bradycardia, or a combination of the
two.28 An acute bleed from an intracranial mass with
resultant increased ICP is another potential neurologic
cause for syncope in animals.7

Metabolic Syncope
Syncope can result from an abrupt decrease in oxy-

gen or nutrient delivery to the brain that can be unre-
lated to cerebral perfusion. In addition to blood flow,
oxygen delivery is determined by the systemic arterial
oxygen tension and hemoglobin concentration.2 There-
fore, severe acute hypoxia, which might occur with a
large pulmonary thromboembolus, and severe acute
anemia such as that resulting from an acute bleed or
acute hemolytic disease are potential causes of syncope.2

One of the authors (E.B.D.) has had two canine pa-
tients with immune-mediated hemolytic anemia that
presented with collapsing episodes as part of their his-
tory. The chronic hypoxic states associated with right-
to-left shunting disorders can also lead to syncope dur-
ing times of exertion.2

Because the brain has an obligate requirement for
glucose, hypoglycemia can also lead to syncope.3,14,24 In
a prospective study of 170 humans with syncope, hypo-
glycemia was responsible for the episode in three cases
(1.8%).24 In animals, hypoglycemic syncopal episodes
are often caused by the presence of an insulinoma.
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However, hypoglycemia is more commonly associated
with weakness and seizures rather than with syncope.
Of 113 dogs with insulinomas, 77 had seizures, 37 had
generalized weakness, and only 38 had episodes de-
scribed as syncope.29

PATIENT EVALUATION
An adequate history, a thorough physical examina-

tion, and a stepwise diagnostic plan are critical in diag-
nosing syncope, as exemplified in the case examples in
Box 2.

History and Signalment
History and initial physical examination are critical

in diagnosing syncopal episodes. In a prospective study
in humans,3,4 the etiology of the syncope could be un-
covered during the initial history and physical examina-
tion in 32% of patients. Similar studies have not been
performed in animals.

A thorough history should include a complete de-
scription of the event (Box 3). The veterinarian’s goal in
asking specific questions is to attempt to differentiate
syncope from conditions with similar episodes such as
seizures, episodic weakness, and narcolepsy/cataplexy.
Characteristics of each disorder are listed in Table 1.
Differentiation between seizures and syncope can be es-
pecially difficult. In fact, in one study4 of syncope in
humans, 7 of 433 individuals (1.6%) originally be-
lieved to have syncope were eventually diagnosed with a
seizure disorder. 

It is important to remember that syncopal attacks
may be temporally associated with exercise, excitement,
or coughing. Animals with cardiac syncope often have
episodes in the transition between resting and exercise
when CO cannot be increased to meet demand.
Seizures, however, are usually not associated with pre-
cipitating events. Syncopal animals may be relaxed, have
stiff muscles, or be in a position of opisthotonos. Tonic
movements can occur but usually at the end of the
episode, not as the initiating event.7,14 In contrast, ani-
mals experiencing seizures usually have tonic–clonic
movements, and most importantly, are confused and
disoriented for several minutes to several hours after the
episode.1,14 Struggling to rise after a syncopal episode,
however, may resemble tonic–clonic movements to an
inexperienced observer; involuntary urination and defe-
cation can occur with either situation. Furthermore,
atypical seizures (e.g., partial motor or psychomotor)
may be difficult for an owner to describe; therefore, hav-
ing the owner videotape the episodes at home and mon-
itor the animal’s HR during episodes can be helpful. 

The most important difference between syncope and
episodic weakness is that animals with episodic weak-
ness do not lose consciousness during the event. As
with syncope, episodic weakness can occur with cardiac
disorders or hypoglycemia. However, neuromuscular
causes of weakness (e.g., myasthenia gravis), electrolyte
disorders (e.g., hypokalemia), and endocrine causes
(e.g., adrenal and thyroid disorders) must also be ruled
out in these animals.30 Myasthenia gravis is classically
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TABLE 1
Factors to Determine Syncope or Other Possible Disorders

Factor Syncope Seizure Episodic Weakness Narcolepsy

Loss of consciousness Yes Yes No Yes (REM sleep)

Signs preceding event Occasionally (staggering, Usually none May stagger before None
ataxia) or there may be collapse
no warning

Precipitating events Occasionally exercise, Usually none Often with exercise None
excitement, coughing

Clonic movements No Maybe No No

Involuntary urination/ Maybe Maybe No No
defecation

Postictal phase No Yes No No

Duration of episode Usually seconds but Seconds to minutes Varies (may recover Seconds to minutes
can be longer with rest)

Tonic movements Maybe (usually at the  Usually No No
end of the event)
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Case One
An 8-year-old spayed miniature schnauzer was

presented for episodic collapse, which had begun 1
month previously. The episodes were now occurring
several times daily. Episodes involving loss of
consciousness were abrupt in onset, lasted several
seconds, and were followed by normal behavior when
the dog regained consciousness. No tonic–clonic
movements occurred during the episodes; the dog was
never incontinent. Episodes were not associated with a
particular activity.

On physical examination, the dog was alert and
responsive. HR was 54 beats/min, pulses were strong
and synchronous, and a grade II/VI systolic murmur was
auscultated between the left cardiac base and apex;
otherwise, the physical examination was unremarkable.

Syncope, rather than seizures, was suspected because
of the short duration of the episodes, the lack of
tonic–clonic movements, and the absence of
disorientation after the episodes. A cardiac cause for the
syncope was suspected because of the bradycardia and
auscultated murmur.

Complete blood count, chemistry profile, urinalysis,
thoracic radiography, ECG, and echocardiography were
performed. A mild anemia and neutrophilia were noted
on the complete blood count; otherwise, the blood work
was unremarkable. Thoracic radiography revealed mild
cardiomegaly. Sinus bradycardia with sinoatrial arrest
and ventricular escape rhythms were evident on the
ECG (Figure A). Echocardiography revealed mild left
atrial enlargement (left atrial–end-systolic dimension 
= 22 mm; normal, 12 to 20 mm) and mild left
ventricular enlargement (left ventricular posterior 

wall−end-systolic dimension = 15 mm; normal, 6 to 11
mm) with hyperdynamic ejection indices (% fractional
shortening = 67.8%; normal, 32% to 42%).

Although the syncopal episodes had not been observed
with bradycardia on the resting ECG, a sinoatrial disorder
was strongly suspected; therefore, a Holter recording was
performed. The Holter recording revealed periods of
bradycardia with HR as low as 17 beats/min and periods
of sinus arrest up to 10.8 seconds (Figure B). Sinus arrest
was believed to be due to failure of the subsidiary
ventricular pacemaker. Although the dog was not
observed during the Holter recording to know if syncope
occurred, the length of the sinus arrest was consistent with
a diagnosis of sick sinus syndrome resulting in syncope. A
pacemaker was implanted transvenously, and episodes of
syncope resolved. In addition, the murmur resolved with
resolution of the bradyarrhythmias.

Case Two
A 14-year-old spayed English setter was referred

because of a 5-month history of episodic weakness and
collapse. One episode had occurred after vigorous
exercise. Episodes were characterized by generalized in-
coordination progressing to complete collapse with
occasional muscle fasciculations but with questionable
loss of consciousness. Episodes lasted a few minutes,
after which the dog occasionally appeared confused.

On physical examination, the dog was alert and in
good body condition. Temperature was 38.2˚C
(100.8˚F) and pulses were strong with an HR of 80
beats/min and respiratory rate of 32 beats/min. A grade
III/VI left apical systolic heart murmur was auscultated.
Otherwise, the physical examination, including

BOX 2
Case Examples

A—Continuous resting ECG showing sinus arrhythmia
with periods of sinoatrial arrest (1.20 to 2.42 sec) and junc-
tional escape. This tracing is suggestive of sick sinus syn-
drome. Asystole during this recording was not sufficient to
initiate collapse (paper speed = 50 mm/sec; 1 cm = 1 mV). 

B—Continuous Holter ECG tracing showing accelerated junc-
tional escape rhythm with sinus arrest (10.80 sec). Inappropri-
ate escape rhythm was followed by a short run of sinus rhythm.
These findings are compatible with sick sinus syndrome (paper
speed = 25 mm/sec; 2 cm = 1 mV).



characterized by muscle weakness that often worsens
with activity and improves with rest. Animals with
myasthenia may present with signs of regurgitation.30

Syncope must also be differentiated from narcolepsy,
a rare sleep disorder characterized by sudden onsets of
REM sleep that can occur abruptly during normal ac-
tivity. Cataplexy, which is a sudden collapse accompa-
nied by complete loss of motor tone, is the most com-
mon feature of the narcoleptic syndrome in domestic
animals. Episodes can last from a few seconds to 20
minutes. The abruptness of the start and end of these
episodes often distinguishes them from syncope,
seizures, or episodic weakness. 31

Other historical questions (Box 3) may help to eluci-
date underlying causes of syncope. Some medications,
either prescribed or accidentally ingested, can con-
tribute to syncope by causing bradycardia, hypotension,
or gastrointestinal bleeding. Certain toxins (e.g., fox-
glove) can also result in syncopal episodes. The pres-
ence of other physical problems should be assessed in
order to help narrow the differential list (e.g., regurgita-
tion is common with myasthenia gravis, behavior
changes may occur with neurologic disorders).

Attention should also be paid to signalment because
certain breeds of dogs are predisposed to particular
types of heart disease (e.g., cardiomyopathy in boxers
and Dobermans, sick sinus syndrome in miniature
schnauzers, familial ventricular arrhythmias in boxers)
that are commonly associated with syncope.10,14,32

Physical Examination
After a detailed history is compiled, a complete physi-

cal examination should be performed. A thorough evalu-
ation of the cardiovascular system (e.g., for murmurs,
gallops, arrhythmias, presence of jugular pulses and pulse
deficits) and evaluation of neurologic status (e.g., cranial
nerves, reflexes, proprioception, mentation) will often
differentiate between cardiac and neurologic causes of
syncope. Evaluation of the upper respiratory system

Compendium July 2001 Small Animal/Exotics  615

neurologic assessment, was unremarkable.
It was not clear whether the dog had episodic

weakness or syncope because of the questionable 
loss of consciousness. Differentials for the cause 
of these episodes included cardiac disorders, 
metabolic causes (e.g., hypoglycemia, hypocalcemia,
anemia, electrolyte abnormality), or a peripheral
neurologic cause of episodic weakness (e.g.,
myasthenia gravis). 

Complete blood count, chemistry profile, urinalysis,
ECG, thoracic radiography, and echocardiography were
performed. ECG was normal, and thoracic radiographs
revealed a normal heart size. Echocardiography was
suggestive of early mitral regurgitation without
significant myocardial dysfunction or decompensation.
These findings suggested a noncardiac cause for the
collapsing episodes. Complete blood count and

urinalysis were normal. Blood glucose was low at 51
mg/dl, and no other significant abnormalities were
present.

Due to lack of other abnormalities on blood work
and radiographs, hypoglycemia was suspected to be 
the cause of the episodes and an insulinoma (pancreatic
beta cell tumor) was thought to be the cause. An
insulin:glucose ratio of 87 (normal, less than 30)
confirmed the presence of an insulin-secreting tumor.
Although ultrasonography might have identified its
location, tumors can often be small and difficult to
visualize; therefore, exploratory surgery was elected.
Surgery was performed, and a solitary mass was located
on the caudal aspect of the right pancreatic lobe and
excised. On recheck examination 1 month after surgery,
the insulin:glucose ratio was normal. The dog had no
further episodes.

BOX 2 (Continued)

n What was the animal doing just before the event
occurred?

n How long did the event last?
n Did the animal lose consciousness during the event?
n Did the animal have motor activity during the

event?
n If the animal did not have motor activity, were 

its muscles stiff or relaxed?
n Did the animal urinate or defecate during the

event?
n Was the animal normal after the event or

disoriented and confused?
n Is the animal currently taking medication 

(β-blockers, diuretics, vasodilators, NSAIDs)?
n Is there any possibility of exposure to toxins, or 

did the animal ingest human medicine?
n Has the animal exhibited any other changes in

behavior recently?
n Did the animal show signs of regurgitation,

vomiting, diarrhea, or coughing?

BOX 3
Questions to Ask When Obtaining a History 



should be performed because vasovagal syncope has been
associated with upper airway disorders in some dogs
(e.g., brachycephalic dogs with elongated soft palates).7,13 

DIAGNOSTICS
Laboratory and In-Hospital Ancillary Testing

The initial database for an animal suspected to have
syncope should include a blood analysis with complete
blood count and serum chemistry panel, urinalysis,
blood pressure measurement, and an in-clinic ECG.
Heartworm testing may be appropriate depending on
the travel history of the animal and geographic location.

The blood analysis should be conducted to rule out
anemia, hypoglycemia, electrolyte disorders, or other
potential metabolic causes. Polycythemia is often pres-
ent in animals with tetralogy of Fallot and other right-
to-left shunting disorders and can help to further impli-
cate these diseases.2,23 Urinalysis will help evaluate
kidney function and elucidate potential causes of elec-
trolyte disorders. 

If glucose level is borderline and hypoglycemia is sus-
pected, fasting blood glucose may confirm its presence.29

In addition, a high insulin:glucose ratio (normal or high
insulin level with a low glucose level) points to an in-
sulin-secreting tumor as the cause of the hypoglycemia.29

If anemia is present and gastrointestinal bleeding is sus-
pected, a fecal occult blood test can be conducted.24

Blood pressure should be measured to rule out hy-
potension, especially if the animal is currently on a va-
sodilator or β-blocker or if toxic exposure to plants or
medications is a possibility. A normal blood pressure
does not, however, rule out transient hypotension that
occurs only during the episodes.

An in-clinic ECG will occasionally identify a
causative arrhythmia. However, many animals will have
arrhythmia and syncope so infrequently that neither
will be observed during a 5- to 15-minute ECG. In or-
der to attempt to document arrhythmia and syncope,
exercise, induced coughing, or performing vagal ma-
neuvers can be initiated before or during an in-clinic
ECG if these are suspected to be contributing causes.14

If an arrhythmia is documented, syncope or weakness
should be concurrent in order to implicate the arrhyth-
mia as causative.6 Arrhythmias that are present but not
directly causal can indicate the presence of more serious
arrhythmias or even underlying cardiac (i.e., dilated
cardiomyopathy) or metabolic (i.e., hyperkalemia with
hypoadrenocorticism causing sinus bradycardia) dis-
eases that may be responsible for the syncopal episodes. 

Radiographs may be useful in assessing cardiac size
and in monitoring for signs of primary pulmonary dis-
ease. Although abdominal ultrasonography may be
more useful, radiographs can also help to identify

splenic or liver masses that may be bleeding.
Echocardiography should be performed if structural

or functional heart disease is suspected as a cause of
syncope. In addition, Doppler echocardiography can
indicate whether pulmonary hypertension is not only
present but a contributing factor in the syncopal events.
Pulmonary hypertension is defined as a systolic pul-
monary artery pressure of greater than 25 mm Hg.22 Al-
though cardiac catheterization is needed to definitively
measure pulmonary artery pressure, Doppler echocar-
diography can be used to estimate the pressure if either
tricuspid regurgitation or pulmonic insufficiency is
identified and the maximal velocity of the regurgitant
jet can be measured. If the pulmonic valve is normal,
this velocity can be used in the modified Bernoulli
equation (change in pressure = 4 × velocity2) to esti-
mate pulmonary arterial pressure.22 Because some mur-
murs or respiratory conditions are incidental or physio-
logic, an echocardiogram can help determine whether
heart or pulmonary disease is present and sufficient
enough to lead to decreased CO, cerebral perfusion,
and syncopal events.

Continuous Electrocardiogram Monitoring 
and Cardiac Event Recorders 

Holter monitoring (continuous 24-hour ECG re-
cording) is more likely to detect arrhythmia than an in-
clinic ECG. In a recent study12 of dogs, Holter record-
ings were useful in establishing a diagnosis 42% of time
(30% implicated arrhythmias, 12% eliminated arrhyth-
mia). As with the in-clinic ECG, results must be care-
fully interpreted because some normal dogs and cats
have sinus pauses and ventricular ectopic complexes
with no clinical signs.12,32 Although temporal associa-
tion of a syncopal episode and arrhythmia is the best
proof of causation, the presence of some arrhythmias
(sustained ventricular and supraventricular tachycardias
with rates over 250 and sinus pauses over 5 seconds) on
a Holter recording can provoke a high index of suspi-
cion.12 Holter monitors are most useful when episodes
occur at least once daily and when the animal is large
enough (usually greater than 10 kg) to wear the re-
corder. These recorders have been used in cats but are
somewhat cumbersome for these small patients.33 Holter
monitors are the diagnostic of choice when assessing
the frequency of a given arrhythmia in a 24-hour peri-
od as well as the response to therapy.34

In contrast to Holter monitors, cardiac event
recorders can be worn for prolonged periods (weeks)
and continuously receive the animal’s ECG but only
record the heart rhythm when activated. When a syn-
copal event occurs, the owner presses a record button,
which saves a preprogrammed length of time, usually
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the previous 45 seconds and the subsequent 15 sec-
onds. The event recorder is then removed and the saved
rhythm can be sent transtelephonically to a receiving
unit at a hospital.34 Cardiac event recorders have several
advantages over Holter monitors. The recorders are
small and more comfortable for smaller patients.34 In
addition, because the owner activates the recorder as
the episode is occurring, recorders provide temporal as-
sociation between the episode and the heart rhythm. In
a recent study in dogs, an arrhythmogenic cause for the
syncopal or weakness episodes could either be proven
or ruled out in 85% of patients (51 of 60) by using a
cardiac event recorder.11 In this study, an arrhythmia
was causative in 18 of the 51 cases and arrhythmia was
definitively excluded in 33 of 51 cases.11

Because cardiac event recorders record only when ac-
tivated, they are not useful in documenting incidence
of arrhythmia in a 24-hour period or in assessing re-
sponse to antiarrhythmogenic therapy. In addition, be-
cause they require active participation by the owner,
they are only useful if the owners are present to witness
events and activate the recorder. 

In an emergency situation or when cardiac event
recorders are not available, continuous in-hospital ECG
with constant monitoring may help determine if syn-
cope is caused by an arrhythmia (Figure 1). This is
most useful if the events are occurring at least every 12
to 24 hours. Because the animals are confined to a cage
and not exercising while monitored with the ECG, syn-
copal events that occur with exertion will not be seen. 

PROGNOSIS
The prognosis for survival with syncope is highly de-

pendent on the underlying disease. Although a definitive
diagnosis may not be possible despite extensive testing, it
is important to rule out cardiac causes of syncope.1 The
mortality rate for humans with syncope due to cardiovas-
cular disease is significantly higher when compared with
noncardiovascular causes.35,36 Similar studies have not
been performed in animals, although animals with struc-
tural heart disease have a relatively poor prognosis for
long-term survival.14,37 Boxers and Dobermans, in partic-
ular, are at increased risk of sudden death associated with
their particular forms of cardiomyopathy.2,10 Brady-
arrhythmias—when not associated with underlying
valvular or myopathic disease—offer a relatively good
prognosis when treated with pacemakers.38,39

The prognosis for neurocardiogenic syncope is un-
known because this syndrome is not well described in
the veterinary literature. One author states that the
prognosis is good.14 Animals with cough syncope rarely
experience sudden death, but their overall prognosis is
based on their underlying disease.2,14

Compendium July 2001 Small Animal/Exotics  617



CONCLUSION
Diagnosing syncope can be challenging. A detailed

history is a crucial when trying to differentiate syncope
from other similar episodes. If true syncope is suspect-
ed, arrhythmias should be considered as a common
cause; but other cardiac, hypotensive, reflex vagal, neu-
rologic and metabolic causes should not be ignored. A
thorough history, physical examination, and initial
database consisting of a complete blood count, chem-
istry profile, urinalysis, electrolytes, blood pressure, and
ECG are important in developing an accurate differen-
tial list. Although Holter monitors can identify ar-
rhythmias that may result in syncope, cardiac event
recorders or continuous in-hospital ECGs with obser-
vation may be more appropriate when trying to find
the cause.
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1. Syncope can be differentiated from seizures by
a. loss of consciousness.
b. involuntary urination or defecation.
c. disorientation and/or confusion after the event.
d. tonic movements.

2. A 6-year-old mixed breed dog presents with a history
of collapsing episodes that start with staggering,
progress to full loss of consciousness, and then last 10
to 15 seconds with no movements. After the episodes,
the dog appears normal. Which type of episode is
highest on the differential list?
a. episodic weakness
c. seizures
b. syncope
d. narcolepsy/cataplexy

3. An 8-kg dog is suspected to have syncope caused by
arrhythmia. Events occur a couple times a month in
association with activity, but an in-clinic ECG is nor-
mal. Which diagnostic test is most appropriate?
a. cardiac event recording
b. Holter monitoring
c. continuous in-hospital ECG
d. thoracic radiography

4. Holter monitors can
a. provide temporal correlation between an arrhyth-

mia and a syncopal event.
b. document the number and type of arrhythmias oc-

curring in a 24-hour period.
c. assess efficacy of antiarrhythmic therapy.
d. all of the above
e. b and c 

5. Which of the following is true about reflex-mediated
vagal syndromes in animals? 
a. They are also known as neurocardiogenic and re-

flex-mediated vasomotor instability syndromes.
b. Cough syncope is the best documented type of va-

gal syndrome in dogs.
c. Vasovagal syncope may be associated with brachy-

cephalic airway disease.
d. all of the above

6. Cerebral blood flow would be increased by which of
the following?
a. increased ICP
b. intravenous fluids that raise MAP

c. supraventricular tachycardia with decreased ventric-
ular filling

d. diuretic administration

7. A 13-year-old cat presents with a history of several
flaccid loss-of-consciousness episodes at home. During
the past several months, it has been acting strangely
and occasionally circling to the left. HR on examina-
tion is 120 (normal, 160 to 180 beats/min); it is blind
in the right eye and has proprioceptive deficits on the
right. Causes for syncope in this animal are suspected
to be due to
a. increased ICP.
b. decreased CO from bradycardia.
c. increased CPP.
d. all of the above 
e. a and b

8. Which of the following statements regarding insulino-
mas is false?
a. Insulinomas can be a metabolic cause of syncope by

decreasing glucose delivery to the brain.
b. Insulinomas can be documented with an

insulin:glucose ratio.
c. Animals with insulinomas have syncopal events

caused by decreased cerebral perfusion.
d. Animals with insulinomas can have seizures,

episodic weakness, or syncopal events.

9. Of the following causes of syncope, which is most like-
ly to result in sudden death?
a. malignant ventricular arrhythmias
b. vasovagal reflex with coughing
c. transient ischemic attack
d. insulinoma

10. Pulmonary thromboembolism causing pulmonary hy-
pertension can result in syncope in animals through
which of the following?
a. obstruction to outflow from the left side of the

heart leading to decreased blood flow to the brain
b. decreased oxygen content of blood leading to de-

creased oxygen delivery to the brain
c. decreased outflow from the right side of the heart

leading to decreased venous return to the left side
and subsequent decreased blood flow to the brain

d. b and c
e. a and b
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