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ABSTRACT

Objective: The treatment of syncope depends largely on its possible etiology. Therefore, identi-
fying the cause of syncope is very important in treatment planning. Herein, we report an etiology 
of syncope caused by pulmonary hypertension (PH) associated with canine filariasis, followed by 
syncope due to bradyarrhythmia 1 year later.
Materials and Methods: An 8-year-old male English Cocker Spaniel was referred to our hospi-
tal for a second opinion regarding syncope that the dog had started experiencing approximately 
2 months prior. Based on the examination findings, we diagnosed that the fainting was due to 
heartworm disease and associated PH. After increasing the dose of pimobendan (0.50 mg/kg, 
q12h), the syncope subsided. However, syncope recurred on the 215th day of the first episode.
Results: The findings that differed from those during the initial examination were that car-
diac arrest was observed for approximately 5 sec during auscultation, along with sinus arrest. 
Therefore, to further investigate for syncope, a Holter electrocardiograph was obtained for 3 days. 
Consequently, sinus arrest was identified as the etiology of the recurrent syncope, and the patient 
was diagnosed with sick sinus syndrome, Rubenstein classification type II. Following cilostazol (10 
mg/kg, q12h) administration, the syncope subsided.
Conclusion: This case reports syncope in a dog, which typically occurs due to different etiologies. 
When a dog has PH, it may be important to think about the possibility of arrhythmias caused by 
a bigger right heart.
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Introduction

Reduced cardiac output is a possible etiology of syncope in 
dogs. Identifying the cause of syncope is very important in 
the formulation of a treatment strategy, as diseases with dif-
ferent etiologies have different treatment regimens [1]. The 
heartworm infection, caused by canine filariasis (Dirofilaria 
immitis) parasites in the pulmonary arteries, may result 
in syncope due to decreased blood perfusion to the brain 
caused by decreased cardiac output [2]. Additionally, the 
complication of pulmonary hypertension (PH) in this dis-
ease may exacerbate syncope. Recently, arrhythmias have 
been reported in human patients with PH [3]. Dogs often 
faint due to either PH or arrhythmia [1,4], but those that 
experience both PH and arrhythmia-induced syncope are 
rare. To our knowledge, there are no case reports of syncope 
due to arrhythmia secondary to PH in dogs. We report a case 

of syncope caused by PH associated with canine filariasis, 
followed by syncope due to bradyarrhythmia 1 year later.

Case Presentation

An 8-year-old, 15.8 kg male English Cocker Spaniel was 
referred to our hospital for a second opinion regarding 
syncope that the dog had started experiencing approxi-
mately 2 months prior. Appetite and activity were normal 
and no clinical signs other than syncope were observed. 
Syncope was observed only during excitement. As it was a 
shelter dog, its medical history was unknown.

Clinical Examination (First Round)

During the initial examination, the heart rate was 72 beats/
min and Levine 3/6 systolic regurgitation murmurs were 
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heard from the bilateral chest wall. The dog had a rectal 
temperature of 38.2°C and a body condition score of 4/9. 

Hematology and serum biochemistry revealed no 
abnormal findings; however, the canine heartworm anti-
gen test was positive.

The electrocardiograph (ECG) revealed bradycardia 
with a heart rate of 47–51 beats/min, indicating sinus 
arrhythmia. Furthermore, a two-lead ECG trace revealed 
first- and second-degree atrioventricular blocks (Mobitz 
type II; Fig. 1A). In an approximately 5-min ECG recording, 
we observed no arrhythmias besides sinus arrhythmia.

On thoracic radiography, right heart enlargement 
(reverse “D” shape) and truncated peripheral intralobar 
and interlobar branches of the pulmonary arteries were 
identified (Fig. 2A). Moreover, the vertebral heart size 
(VHS) and vertebral left atrial size (VLAS) measured in the 

lateral view exceeded the reference values of 11.7 and 2.2 
v, respectively (Fig. 2B).

The echocardiography suggested no left cardiac 
enlargement; however, pulmonary valve regurgitation 
(3.33 m/sec) was observed, and the left intraventricular 
space was compressed due to ventricular septal flattening 
(Fig. 3A and B).

Treatment (First Round)

Based on the aforementioned findings, we diagnosed that 
the syncope was due to heartworm disease and associated 
PH [1,2].

Of the arrhythmias present on initial examination, 
atrioventricular block or bradycardia was the most likely 
cause of syncope. However, the ventricular rates were 
more than 45 beats/min, and although bradycardia was 

Figure 1. ECG of the first round (A) and second round (B). (A) During the initial examination, the heart rate 
is 47–51 beats/min with bradycardia. Furthermore, two-lead ECG tracing shows first- and second-degree 
atrioventricular blocks (Mobitz type II). In the approximately 5-min ECG recording, other than sinus arrhyth-
mia, no other arrhythmias are identified. Paper speed, 25 mm/sec; 1 cm, 1 mV. (B) As in the initial examination, 
three-lead ECG tracing during recurrent syncope (at the second visit) shows sinus arrhythmia and first- and 
second-degree atrioventricular blocks (Mobitz type II). The heart rate is normal at 80–120 beats/min. However, 
three-lead ECG tracing shows sinus arrest lasting more than thrice the normal P–P interval. The period of sinus 
arrest includes a junctional escape beat (arrows). The duration of sinus arrest is 2.5 sec, during which no syn-
cope is observed. Paper speed, 50 mm/sec; 1 cm, 1 mV; ECG, electrocardiograph.
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present, the patient did not experience syncope during the 
examination. The patient was expected to experience more 
severe bradycardia during syncope. However, since the ini-
tially observed syncope had occurred during excitement, 
it was not attributed to the arrhythmias but to heartworm 
disease and associated PH.

Pimobendan (0.25 mg/kg, PO, bid) was already admin-
istered by the referring veterinarian; however, when the 
dose was increased to 0.50 mg/kg, PO, bid, the syncope dis-
appeared. Thereafter, the patient received regular check-
ups at a referring veterinarian; however, syncope recurred 
on the 215th day, after the first episode. It was observed at 
rest rather than during excitement. The pimobendan dose 
was further increased by the referring veterinarian (0.64 
mg/kg, PO, bid), but the syncope did not improve; there-
fore, the patient was brought to our hospital on the 336th 
day.

Clinical Examination (Second Round)

The heart rate was 80–120 beats/min and Levine 3/6 sys-
tolic regurgitation murmurs were heard from the bilat-
eral chest wall. Moreover, cardiac arrest was observed for 
approximately 5 sec during auscultation.

ECG revealed sinus arrest in addition to first- and 
second-degree atrioventricular blocks (Mobitz Type II) 
(Fig. 1B).

On thoracic radiography, VHS and VLAS were 11.1 and 
2.3 v, respectively, similar during the initial examination 
(Fig. 2C). There were no significant changes in the pulmo-
nary opacity compared to during the initial examination 
(Fig. 2D).

Similar to the findings during the initial examination, 
ECG showed pulmonary valve regurgitation (3.67 m/sec) 
and ventricular septal flattening. However, unlike during 

Figure 2. Radiographic images of the first round (A–B) and second round (C–D). (A–B) 
Reverse “D” shape and truncated peripheral intralobar and interlobar branches of the 
pulmonary arteries are observed. Moreover, VHS and VLAS are 11.7 v and 2.2 v, respectively. 
(C–D) VHS and VLAS are 11.1 v and 2.3 v, respectively. There are no significant changes in the 
pulmonary opacity, compared with the initial examination. VHS, vertebral heart size; VLAS, 
vertebral left atrial size.
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the initial examination, tricuspid valve regurgitation (4.95 
m/sec) was observed (Fig. 3C).

Treatment (Second Round)

Two possible causes of syncope observed on the 215th 
day were PH progression and bradyarrhythmia. However, 
the findings that differed from those during the initial 
examination were that cardiac arrest was observed for 
approximately 5 sec during auscultation and that the 
syncope occurred at rest rather than during excitement. 
Furthermore, sinus arrest had not been observed during 
the initial examination. Therefore, Holter ECG was taken 
for 3 days to further investigate the syncope.

Syncope was observed five times during the 3-day 
Holter ECG recording. The ECGs during each syncope 
revealed sinus arrest (Fig. 4), which was consistent with the 
description of syncope in the behavioral records. The dura-
tion of sinus arrest without syncope was 3.4 sec (range = 
2.8–5.2 sec), whereas that of sinus arrest with syncope was 
8.5 sec (range = 6.9–10.8 sec). Furthermore, the heart rate 
before and after sinus arrest during syncope was within 
the normal range (75–120 beats/min). Therefore, we con-
cluded that sinus arrest caused the recurrent syncope, and 
the patient was diagnosed with sick sinus syndrome (SSS), 

Rubenstein classification type II [5]. Therefore, in addition 
to pimobendan, cilostazol (10 mg/kg, PO, bid) was added 
for the treatment of SSS. Consequently, the syncope sub-
sided and has not recurred to date.

Discussion

While various etiologies of syncope in dogs have been 
reported, there are few reports of syncope due to multiple 
etiologies in a single patient. In addition, this is the first 
case report of a dog suffering from PH, followed by second-
ary bradyarrhythmia and syncope by SSS.

Based on the echocardiography findings, PH was diag-
nosed according to the most recent consensus statement 
provided by the American College of Veterinary Internal 
Medicine [6]. Since heartworm disease was considered to 
have caused the PH in the current case [7,8], it could be 
classified as pre-capillary PH Group 4 (thromboembolic 
PH) [6]. In humans, about half of the patients with throm-
boembolic PH have syncope [9]. This case also had brad-
yarrhythmia during the first visit. Dogs with heartworm 
disease may have arrhythmia due to severe PH [10,11]. The 
syncope subsided after increasing the pimobendan dose, 
suggesting that the etiology of the initial syncope was not 
arrhythmia but a decrease in cardiac output due to PH. The 

Figure 3. Radiograph images of the first round (A–B) and second round (C). (A–B) The pulmonary valve  
regurgitation (3.33 m/sec) is observed, and the left intraventricular space is compressed due to ventricular septal 
flattening. (C) The tricuspid valve regurgitation (4.95 m/sec) is observed, unlike at the initial examination.
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recurrence of syncope at the second visit might have been 
caused by the deterioration of PH and by bradyarrhythmia. 
However, unlike during the initial examination, the recur-
rent syncope occurred at rest, not during excitement, and 
sinus arrest was observed on the three-lead ECG tracing. 
Therefore, although PH was confirmed during the second 
visit, it was not the only etiology of syncope. Moreover, 
Holter ECG confirmed sinus arrest during syncope, result-
ing in the diagnosis of SSS.

In most cases, SSS is idiopathic [12]. However, in the 
current patient, right heart enlargement associated with 
PH was thought to be related to the development of SSS. 
In humans with PH, progressive enlargement of the right 
heart reportedly causes sinus node stretching and asso-
ciated ischemia or fibrosis, leading to arrhythmias [13]. 
Tachycardia accounts for most arrhythmias observed in 
humans with PH; however, bradycardia may occur in some 
patients [14]. Therefore, we hypothesized that worsening 
of the right heart enlargement due to the progression of 
PH and associated ischemia, or fibrosis of the sinus node, 
may be associated with different causes of syncope during 
the initial examination and re-examination. Arrhythmias 

secondary to PH should also be considered in the differen-
tiation of syncope in dogs with PH.

In this case, Holter ECG was performed, which assisted 
in diagnosing SSS. Although confirming abnormalities in 
the sinus node recovery time or sinus conduction time 
by overdrive pacing is necessary to definitively diagnose 
SSS, in practice, clinical diagnosis is often based on ECG 
findings when clinical signs manifest [15]. In the current 
patient, sinus arrest was observed in the hospital during 
re-examination; however, no syncope was observed then. 
Syncope due to bradyarrhythmia is not usually identified 
via ECG examinations performed in the hospital because, 
in many cases, the animal is in a tense or excited state [16]. 
The present patient’s in-hospital heart rate was 80–120 
beats/min, whereas the resting heart rate at home was 50 
beats/min, with a tendency toward bradycardia. In cases 
with syncope, Holter ECG should be considered if brady-
arrhythmia is observed, even if the syncope was not con-
firmed during ECG examination in the hospital.

Pacemaker implantation is a surgical treatment for SSS 
[17]. However, because of the PH in the patient, in this 
case, the risk of administering anesthesia was high; thus, 

Figure 4. Based on the 336th day’s findings, Holter ECG is taken for 3 days. The figure shows the ECG during syncope. 
The duration of the sinus arrest coincided with the timing of the syncope, and a 10.8-sec sinus arrest is observed. The 
heart rate before and after sinus arrest is 78–96 beats/min, neither tachycardic nor bradycardic. Based on the afore-
mentioned findings, we conclude that the cause of syncope in this case is sinus arrest and diagnose the patient with 
SSS, Rubenstein classification type II. Furthermore, Holter ECG, other than during syncope, shows atrial premature 
complex and sinus arrhythmias, and the resting heart rate is 50 beats/min with a tendency towards bradycardia. In 
addition to this figure being recorded using a Holter ECG, it is a compressed figure of 120 sec. Each line is 20 sec. ECG, 
electrocardiograph.
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pacemaker implantation was deemed unsuitable. Some 
dogs with SSS may respond to atropine or oral positive 
psychotropic drugs, and an atropine stress test may be 
useful in selecting a treatment [18]. We did not perform 
atropine loading because of the owner’s refusal. We chose 
cilostazol (10 mg/kg, q 12 h) as the treatment for SSS [19]. 
Cilostazol is an oral selective phosphodiesterase type III 
inhibitor used as an antiplatelet and antithrombotic agent 
for patients with peripheral arterial occlusive disease 
[20]. Cilostazol has positive chronotropic effects and has 
been used to treat human bradyarrhythmia patients, such 
as atrioventricular block and SSS [21]. The mechanisms 
of action of cilostazol include vasodilation resulting in a 
reflex increase in the heart rate, increased blood flow to 
the sinus node resulting from coronary artery dilatation, 
and increased sinus node intracellular cyclic adenosine 
monophosphate [22]. Therefore, cilostazol was considered 
useful in SSS. However, as the occurrence of bradyarrhyth-
mia in the patient might also have been PH, sildenafil (a 
pulmonary artery dilator) may be added in the future if 
cilostazol alone is inadequate to control the syncope [15].

Conclusion

In this case, right heart enlargement associated with PH 
led to the development of SSS. In dogs with PH, the possi-
bility of arrhythmias secondary to right heart enlargement 
may require consideration. In cases of PH with syncope, 
where treatment is unsuccessful, syncope secondary to 
arrhythmia may also be considered.
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