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ABST RACT
Episodic weakness and syncope are common in Boxers. Reported causes include ventricular tachycardia 
(VT) and neurally-mediated bradycardia (NMB). The purpose of this study was to describe the features of 
presumed NMB in Boxers. A total of 27 Boxer dogs were identified. To be included in the study, each dog 
must have been overtly healthy with a history of syncope or presyncope; had a normal echocardiogram; had 
absence of ventricular tachycardia (VT) and fewer than 500 ventricular premature complexes on 24 hour 
Holter recordings; and been alive and clearly healthy for at least six months following the initial evaluation. 
Heart rhythm were documented at the time of an episode in only eight dogs (30%) and only once on the first 
Holter recording. Bradycardia was subsequently recorded in five times during 120 hour Holter recordings and 
during the 5th day of an event recording. Bradycardia was documented during auscultation in two additional 
dogs. The heart rate was not documented in 19 (70%) dogs in this study. Documentation of the heart rhythm 
during episodes of collapse was difficult and was carried out in only 30% of dogs and was unlikely to occur 
during the first Holter recording. In Boxers with suspected NMB, extended ambulatory monitoring, including 
implantable loop recorders, may be required for heart rate documentation. 

Keywords: Neurocardiogenic Bradycardia; Arrhythmogenic Right Ventricular Cardiomyopathy; 
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INTRODUCTION
Episodic weakness and syncope are common problems 
encountered in Boxer dogs. Reported causes include rapid 
ventricular tachycardia (VT) and neurally-mediated bra-
dycardia (NMB) (1-3). Rapid VT is often associated with 
arrhythmogenic right ventricular cardiomyopathy (ARVC) 
with or without echocardiographic evidence of systolic dys-
function (dilated cardiomyopathy) (1, 2). Neurally-mediated 
bradycardia and syncope have also been reported in Boxers 
with comorbid VT (3). Whether neurally-mediated brady-
cardia is a marker for ARVC in this breed is uncertain.

Neurally-mediated episodic or reflex weakness/syn-
cope comprises of a group of syndromes triggered by either 
sympathetic or parasympathetic surges (4-6). The term 
neurally-mediated emphasizes the role of the nervous sys-
tem. Parasympathetic (vagal) triggers induce the situational 
syncopes. These include tussive, emesis, micturition and 
defecation syncope (4). Other neurally-mediated episodic 
weaknesses are triggered by sympathetic surges (4-6). The 
term neurocardiogenic bradycardia emphasizes the cardiac 
origin of the afferent arm of the reflex, but ignores the im-
portant vasodilation component of the efferent arm. It is 
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recommended that this term be used when there is a sym-
pathetic trigger believed to arise in the heart (5). The term 
vasovagal syncope emphasizes both the vasodilatory and 
cardioinhibitory efferent arms. In humans, it is recommended 
that this term be reserved for reflex bradycardia and hypoten-
sion which is usually triggered by pain, instrumentation or 
prolonged standing. The term vasodepressor syncope refers 
to reflex syncope wherein vasodilation-hypotension develops 
in the absence of sinus bradycardia (5). The purpose of this 
retrospective report was to describe the features of NMB in 
Boxer dogs with normal echocardiograms and absence of 
ventricular tachycardia.

MATERIALS AND METHODS
Study dogs
The subjects of this report were overtly healthy, client 
owned Boxer dogs that had experienced at least one prior 
episode of syncope or presyncope and were then examined 
at the University of Georgia Veterinary Teaching Hospital 
(UGVTH).

All echocardiogram (Vingmed Ultrasound, GE Medical, 
Horten, Norway) and Holter recording (Lifecard CF, 
Spacelabs Healthcare, Snoqualmie, WA) results performed 
on Boxers from January 1996 to December 2008 were re-
viewed. The medical records of each of these patients were 
then assessed. Data from the medical record, echocardiogram 
and Holter recordings were extracted from each Boxer that 
was presented for a history of syncope or presyncope. 

To be included in the study, each dog must have been 
overtly healthy with a history of syncope or presyncope; had 
a normal echocardiogram; had an absence of VT; had fewer 
than 500 ventricular premature contractions (VPC) on an 
initial 24 hour Holter recording and must have been alive 
and overtly healthy for at least 6 months following the initial 
evaluation. 

RESULTS
A total of 27 Boxers were identified that fulfilled the study 
criteria. Sixteen were male and 11 were female. Twenty-four 
dogs (90%) were either less than 4 years old or ≥ 7 years 
old. Bradycardia was documented at the time of syncope 
or presyncope in 8 of the 27 (30%) dogs and the heart rate 
during syncope was not documented in 19 (70%) dogs. Only 
one Boxer experienced an episode during the first 24 hour 

Holter recording. All dogs were alive and overtly healthy for 
longer than 6 months following initial evaluation.

Initial 24 hour Holter recordings in 18 (67%) dogs con-
tained no VPCs. Only one dog had more than 100 (222) 
VPCs. Eight dogs had less than 50 VPCs; most (six dogs) 
of these having less than 10 VPCs.

Most (16/27, 59%) Boxers had only one observed episode 
prior to evaluation. Each dog had one or more subsequent 
episodes following initial examination. Episodes in each 
dog occurred soon after a change from less to more activity. 
Episodes in 24 dogs were triggered by vigorous exertion or 
excitement. Episodes were triggered by climbing stairs or 
straining at the leash in 2 dogs. The only episode in one dog 
was triggered by startle.

The heart rate was documented in a minority of dogs. 
A presumptive diagnosis of neurally-mediated bradycardia 
in 19 dogs was based on being overtly healthy survival for 
longer than 6 months after initial evaluation, the absence of 
echocardiographic abnormalities, and the absence of VT or 
many VPC’s during initial Holter recordings and extended 
ambulatory monitoring. Extended ambulatory monitoring 
was performed in 8 of 19 (42%) dogs wherein the episode 
related heart rate was never determined. Extended Holter 
recording periods were 48 hours (1), 120 hours (4) and 168 
hours (1). Event monitoring of 5 days (1) and 7 days (1) were 
performed in two additional dogs. 

Bradycardia was documented on the first Holter record-
ing (24 hour recording) in only 1 of 27 (4%) dogs as only one 
dog experienced an episode during that period. Among the 
27 dogs, bradycardia associated episodes were eventually doc-
umented in 8 dogs (30%). These episodes were documented 
by extended ambulatory monitoring (extended Holter and 
event recordings). Six owners were instructed to attempt to 
precipitate episodes. Bradycardia related episodes were subse-
quently recorded in 5 of these 6 dogs: during the 2nd (1 dog), 
3rd (2 dogs) or 4th (1 dog) day of 120 hour Holter record-
ings and during the 5th day of an event recording in 1 dog. 

Additional extended ambulatory recordings were not 
performed after the initial Holter recordings in 13 dogs. 
Subsequently, collapse and bradycardia were documented 
during auscultation in 2 of these 13 dogs. Collapse with 
profound bradycardia occurred in a referring veterinarian’s 
dog during excitement prior to eating. A veterinary intern 
documented bradycardia by auscultation during the third 
known episode in her dog.
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None of the extended ECG recordings contained 
rhythms consistent with sick sinus syndrome similar to that 
seen in Miniature Schnauzers and American Cocker Spaniels 
(7).

Medical treatment was not recommended for 7 of 8 
dogs. Rather the owners were educated as to the cause or 
likely cause of episodes and encouraged to avoid the instigat-
ing activities. Treatment was prescribed for 1 of 8 dogs. This 
dog occasionally experienced episodes after being indoors all 
day and then released to run in a park. Hyoscyamine sulfate 
drops (Levsin drops, Schwarz Pharma Inc., Meguon, WI, 
USA) (0.125 mg/1 ml) at a dosage of 0.005 mg/kg was 
prescribed to be administered 15 minutes prior to activity. 
The episodes of collapse resolved. The remaining 7 dogs 
were followed for at least 6 months with 19 of 26 dogs (73%) 
having occasional episodes. Subsequently, most dogs were 
lost to follow-up.

DISCUSSION
Brief episodes of collapse or syncope in humans and dogs 
are usually due to transient disturbances of the heart rhythm 
(1-6, 8). Episodic weakness, collapse or syncope occur in 
some Boxers (3). Documentation of the heart rate/rhythm 
during episodes can be problematic. The detection of ven-
tricular tachyarrhythmia as the likely cause of recent episodes 
in Boxers is much easier to document than when infrequent 
bradycardia is the cause. In our experience, when VT is the 
cause of recent syncope in Boxers with ARVC, either static 
ECG or 24 hour Holter recordings contain many VPCs and 
often VT.

Documentation of the heart rhythm during episodes 
among the dogs of this study was difficult, accomplished 
in only 30% and was unlikely to take place during the first 
Holter recording. Extended ambulatory recording or, in 
selected cases, auscultation was usually required for identifi-
cation of infrequent disturbances of heart rhythm. Although 
not performed in this study, implantable loop recorders 
(Implantable Loop Recorder, Medtronic, Minneapolis, MN) 
may be required for documentation of NMB. Documentation 
of neurally-mediated syncope in humans is also problematic 
(4-6). 

The diagnosis of neurally-mediated reflex bradycardia 
was presumptive in most of the dogs reported here. This 
presumption was based on episodic weakness, normal echo-

cardiograms, absence of severe ventricular tachyarrhythmia, 
triggering activities that could be reasonably associated with 
sympathetic surge, infrequent episodes and healthy survival 
of each Boxer longer than 6 months. 

Although the total number of cases reported here were 
small, there was a bimodal age distribution. Most dogs were 
either <1 to 4 years of age (14 dogs, 52%) or 7 years of age or 
older (10 dogs, 37%). There were only 3 dogs (11%) between 
4 and 7 years of age. The significance, if any, of this age 
distribution is unknown. 

The differential diagnosis of the fainting Boxer can be 
challenging. One cause of Boxer collapse is rapid VT associ-
ated with ARVC (1, 2). Arrhythmogenic right ventricular 
cardiomyopathy in this breed may be identified with systolic 
failure or, more often, prior to any evidence of systolic fail-
ure. In our experience, a less common cause of collapse or 
syncope in Boxers is NMB (3). Some Boxers are affected by 
both disorders (3). Collapse caused by rapid VT can occur 
at rest, during normal activity or during exertion or excite-
ment (3). On the other hand, neurally-mediated episodes 
are overwhelmingly triggered by exertion with excitement 
or startle (3). 

Spontaneous neurally-mediated bradycardias are induced 
by either a sympathetic trigger or a parasympathetic trigger 
(4-6). The former can be referred to as neurocardiogenic 
and the latter as situational (4-6). The initial trigger invokes 
an afferent limb of a reflex arc that is complex and not fully 
understood (5). Increased vagal traffic is carried by various 
afferent nerves to the cardiovascular control center in the 
brainstem. This invokes the Bezold-Jarisch reflex which 
is a sudden withdrawal of sympathetic tone accompanied 
by heightened or unopposed vagal efferent traffic (9). The 
contribution of bradycardia versus hypotension to syncope 
varies considerably.

The Bezold-Jarisch reflex is two-fold: increased vagal 
signals to the sino-atrial node (primary pacemaker) sup-
pressing its discharge and sympathetic withdrawal leading 
to vasodilation and hypotension (9). Vagal stimulation of 
the atrio-ventricular node can cause AV block and impaired 
escape of this subsidiary pacemaker. 

It is often difficult to document neurocardiogenic epi-
sodes as they tend to be sporadic and pathologic bradycardia 
occuring only during episodes. Documentation of blood 
pressure during episodes is even more difficult. Extended 
ambulatory monitoring is usually required (3-6). Occasionally 

Book Vet September 2019.indb   113 01/09/2019   12:03:16



Israel Journal of Veterinary Medicine  Vol. 74 (3)  September 2019Thomason, J.D.114

Review Article

episodes can be provoked by vigorous activity or administra-
tion of a beta-adrenergic-blocking drug (3). 

Documentation of ARVC associated ventricular tachyar-
rhythmia is facilitated by their high frequency (1). Either 
standard ECG or 24 hour Holter recordings will usually 
contain many VPC and often VT in Boxers with ARVC and 
a recent history of episodic weakness (3). When a static ECG 
or Holter recording contains VT or many VPC, episodes 
should be considered the result of rapid VT until proven 
otherwise. If no or few VPC are identified by Holter record-
ing, then NMB is more likely than VT as the etiology of 
syncope/collapse (3).

An occasional Boxer may be affected by both ventricular 
tachyarrhythmia caused by ARVC and NMB (3). These 
Boxers may or may not have a history of collapse or syn-
cope. In this cohort, treatment of ventricular tachyarrhythmia 
with sotalol or a beta-adrenergic-blocking drugs tended to 
either uncover an occult tendency for NMB or increase the 
frequency of episodes (3, 8).

Whether NMB and syncope in dogs can prove lethal 
is uncertain (3). We believe that death does not occur or 
at least is rare in the natural or home environment. Death 
might be more likely if episodes are triggered by fight, flight 
or fright scenarios in the hospital setting. Death might also 
be more likely when episodes are aggravated by the use 
of drugs known to cause bradycardia. Such drugs include 
beta-adrenergic blockers, sotalol, opiods, acetylpromazine 
and other vagatonic drugs. We have observed non-lethal 
severe bradycardia in Boxers administered sotalol (3). One 
of the authors (Calvert) witnessed acute, collapse and sudden 
death in a young adult, overtly healthy, hyperactive Boxer 
administered a low-dose of acetylpromazine intravenously.

Whether to treat neurocardiogenic syncope in Boxers is 
problematic. Treatment decisions should be individualized. 
One approach is to educate the client to avoid instigating 
activities. In some dogs, episodes are infrequent and treat-
ment is probably not feasible for drug adverse effects. We 
only treated one dog medically and recommended avoidance 
behavior in the rest. Most of the dogs continued to have 
occasional episodes during the next several years after initial 
evaluation but most were eventually lost to follow-up. 

If episodes are frequent and cannot be adequately pre-
vented by avoidance behavior, then conservative management 
or pacemaker implantation are options. An anticholinergic 
drug such as hyoscyamine (Levsin drops, Schwarz Pharma 

Inc., Meguon, WI, USA) can be used (5-6, 8). However, we 
do not recommend anticholinergic treatment in dogs with 
ventricular tachyarrhythmia. We have occasionally prescribed 
sustained release hyoscyamine (Levsinex Timecaps, Schwarz 
Pharma Inc., Meguon, WI) at a starting dosage of 0.375 mg 
twice daily for large dogs, including Boxers, with symptom-
atic bradycardia. 

In humans, beta-blocking drugs have been used to pre-
vent neurally-mediated bradycardia (5-6, 8). The negative 
inotropic action of this class of drug could attenuate the 
effects of sympathetic surge and prevent the activation of 
receptors thought to initiate the afferent arc of the reflex. 
However, most studies do not support their use. In fact, beta-
blockers can enhance bradycardia in all cardio-inhibitory 
forms of neurally-mediated syncope (3, 8-14).

Another treatment option is pacemaker implantation. 
Pacemakers are effective in preventing the bradycardia. 
However, pacemakers are not likely to be effective in pa-
tients with concurrent vasodilation secondary to sympathetic 
withdrawal. Whether Boxers experience hypotension during 
syncope with NMB is unknown. We have placed a pacemaker 
in a Boxer with ARVC and comorbid syncope secondary 
to NMB documented with an implantable loop recorder 
(Implantable Loop Recorder, Medtronic, Minneapolis, MN). 
Following pacemaker implantation, the syncopal episodes 
continued. During the syncopal episodes, Holter record-
ings documented a paced ventricular rhythm. Therefore, this 
patient likely experienced syncope secondary to vasodilatory 
hypotension from sympathetic withdrawal. Owners should be 
cautioned that syncope may persist if pacemakers are placed 
in Boxers with NMB. 

The etiology of the apparent neurally-mediated syncope 
in Boxers is unknown. Boxers seem to be predisposed by a 
more sensitive reflex response to sympathetic surges com-
pared to other overtly healthy, large dogs that do not have 
systolic failure or volume overload. A specific predisposing 
factor has not been identified in overtly healthy humans 
that experience neurocardiogenic syncope in the absence of 
dehydration or comorbid disease.

In conclusion, NMB should be suspected in Boxer dogs 
with syncope triggered by exertion, excitement, and startle 
in which a 24 hour Holter recording contains few VPCs and 
absence of VT. When NMB is suspected, extended ambula-
tory monitoring and implantable loop recorders may be best 
for heart rate documentation. 
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