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ABSTRACT.	 Sick sinus syndrome (SSS) is a type of bradyarrhythmia that can lead to syncope. 
Cilostazol has been reported to be an effective treatment for human patients with SSS and other 
bradyarrhythmias. This report describes the successful long-term treatment with cilostazol in 
a dog with SSS. A nine-year old intact male Miniature Schnauzer presented with a history of 
syncopal episodes and unsteady gait. After cilostazol treatment, the total heart rate (HR), mean 
HR, and frequency of premature ventricular contractions (PVCs) increased, while the maximum HR 
and maximum pause time decreased. Additionally, the number of syncopal episodes decreased. 
The dog died suddenly, 1,418 days after the start of cilostazol treatment. Cilostazol may be a 
useful therapeutic agent in canines with SSS.
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Sick sinus syndrome (SSS) is a term used to describe the clinical signs of sinus node dysfunction. Pacemaker implantation 
(PMI) and medical therapeutics are used in veterinary medicine to treat patients with SSS [4, 8, 17, 18]. PMI is the preferred 
treatment for patients with SSS. However, PMI may not be performed in some patients, because of the high cost and the risks 
of anesthesia and surgery. Several classes of drugs can be useful in treating SSS, including anticholinergic, beta-adrenergic and 
xanthine derivative medications. However, these agents may be not beneficial for prolonged treatment [8], especially when the 
patient fails to respond to the atropine test.

Cilostazol is an oral selective phosphodiesterase type III inhibitor, used in Japan as an antiplatelet and antithrombotic agent for 
patients with peripheral arterial occlusive disease. Cilostazol has positive chronotropic effects and has been used to treat human 
patients with bradyarrhythmias, such as atrioventricular (AV) block and SSS [2, 9, 10, 12, 15, 19]. Cilostazol has also been 
reported to have long-term chronotropic effects [5, 9]. The mechanisms of action of cilostazol include vasodilation resulting in a 
reflex increase in heart rate (HR), improvement of sinus function by suppression of parasympathetic tone, increased blood flow to 
the sinus node resulting from coronary artery dilatation, and increased sinus node intracellular cyclic adenosine monophosphate 
[12]. Cilostazol has been reported to increase the heart rate in experimental dogs [14].

We report a case of long-term administration of cilostazol to a dog with symptomatic SSS, in which a chronotropic effect and 
long-term improvement of clinical signs were observed.

A nine-year-old intact male Miniature Schnauzer, weighing 6.25 kg, was referred to the Ikime Animal Hospital for episodes of 
syncope and unsteady gait. On physical examination, the mucous membranes were pink, and capillary refill time was less than 
two seconds. The dog was bright, alert, and responsive. Findings on neurologic examination were normal. Thoracic auscultation 
revealed a grade 2/6 systolic murmur, with the point of maximum intensity at the left cardiac apex. The cardiac rhythm was 
irregular, and the HR varied from 66 to 91 beats per min.

Complete blood cell count results were unremarkable. Serum chemistry results revealed a mild increase in serum alanine 
aminotransferase (ALT: 127 U/l; reference interval: 15–70 U/l) and a mild increase in atrial natriuretic peptide (ANP: 48.6 pg/ml; 
reference interval: <30 pg/ml) [3].

Thoracic radiographs displayed an increased vertebral heart score (VHS: 11.3; reference interval: 8.5–10.6), with normal lung 
fields.

The echocardiogram showed mild eccentric left ventricular hypertrophy (left ventricular internal end-diastolic diameter/left 
ventricular end-systolic internal diameter; LVIDd/ LVIDs: 31.0/17.8 mm), mild mitral regurgitation, sinus arrest and AV block. The 
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atria and right ventricle were considered within normal limits.
The electrocardiogram (ECG) revealed bradycardia and 

sinus arrest (Fig. 1). Sinus node function was evaluated by 
the response to atropine. Atropine was administered (0.04 mg/
kg intramuscularly), and the ECG was repeated 30 min after 
the injection. No heart rate response to atropine was seen (pre 
HR=86; post HR=78 beats per min). A 24-hr Holter ECG (Quick 
Corder QR2100, Fukuda M-E Kogyo Inc., Tokyo, Japan) showed 
sick sinus syndrome and long periods of sinus arrest (Maximum 
pause: 9,210 msec) (Table 1). Premature atrial contractions, 
premature ventricular contractions (PVCs) and AV block were 
also noted. Furthermore, bradyarrhythmias and tachyarrhythmias 
alternated, resulting in a diagnosis of severe SSS with 
bradycardia-tachycardia syndrome, Rubenstein type III [13].

Since the owner declined PMI, we attempted medical 
management of the patient. Prior to beginning treatment, 
the owner recorded the number of episodes of syncope and 
collapse (Fig. 2). The dog was prescribed isoprenaline (0.5 mg/
kg twice daily PO; Protanol, Kowa Pharmaceutical Co., Ltd., 
Tokyo, Japan). However, after 7 days of treatment, the number 
of episodes of syncope had not decreased. The isoprenaline 
dose was increased to three times per day, and dipyridamole (0.5 mg/kg twice daily PO; Persantine, Boehringer Ingelheim 
Pharmaceuticals Inc., Tokyo, Japan) was added. After 105 days of treatment, no improvement was seen in the patient’s condition. 
Furthermore, the plasma ANP concentration had increased (137 pg/ml), suggesting a poor clinical response to this treatment.

Therefore, the dog was prescribed cilostazol (10 mg/kg twice daily PO; Pletal, Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan). 
At 14 days after the start of cilostazol treatment, the patient had decreased number of episodes of syncope (Fig. 2), and the ANP 
concentration had decreased (46.6 pg/ml). A 24-hr Holter examination was repeated (Table 1). The total HR, mean HR and number 
of PVCs had increased, while the maximum HR and maximum pause time had decreased. Twenty days after the start of cilostazol, 

Fig. 1.	 The electrocardiogram recording (lead II; 50 mm/sec), obtained from a dog with sick sinus syndrome, showing sinus arrest before treatment 
with cilostazol.

Table 1.	 Holter electrocardiogram tracings obtained from a 
dog with sick sinus syndrome, before and 118 days after 
starting cilostazol

Pre Post
Total QRS 100,078 111,719

Minimum HR (bpm) 14 22
Mean HR (bpm) 68 76
Maximum HR (bpm) 191 175

PVC singles 204 7,707
pairs 5 495
3 or more 2 118

PAC singles 17,634 12,243
pairs 4,536 2,724
3 or more 3,137 3,638

Pause No of pause ( >2.0 msec) 9,036 9,603
Maximum pause (msec) 9,210 6,360

HR: heart rate, PAC: premature atrial contraction, PVC: premature 
ventricular contraction.

Fig. 2.	 Number of syncopal episodes recorded by the owner, per day, before and after treatment.
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the owner reported seeing a small amount of bright red blood on the feces. Cilostazol was continued, and the problem resolved 
within two days. Despite cilostazol therapy, arrhythmias without prolonged sinus arrest persisted. Conventional ECG, adiographic 
and echocardiographic findings were unchanged at 642 days after beginning cilostazol treatment. The owner reported that episodes 
of syncope remained decrease. The dog died suddenly, 1,418 days after the onset of cilostazol treatment. The cause of death was 
not determined.

In our case, PMI was not performed according to the owner’s request. Dogs with SSS that do not respond to medical treatment, 
have adverse side effects, or have bradycardia-tachycardia syndrome generally require a pacemaker [12]. Medical management 
may increase the risk of worsening the bradycardia-tachycardia syndrome [5]. However, it is reported that median survival time is 
similar in patients with SSS managed medically compared to those with a pacemaker [17]. In our patient, we did not use atropine 
and propantheline, since the atropine test was negative. The beta-agonist, isoprenaline, provided slight improvement for a short 
time in our patient because degree of syncope decreased. However, the therapeutic effect did not persist, likely because of down 
regulation of the beta-adrenergic receptors. The episodes of syncope were disappeared by cilostazol administration in our case.

Varied clinical results have been seen with the use of cilostazol for human patients with SSS Rubenstein type III [5, 16]. In 
our canine patient with SSS, Rubenstein type III, we observed positive long-term clinical effects. The total HR, mean HR, and 
frequency of PVCs increased, while the maximum HR and maximum pause time decreased. Achievement of a normal sinus rate 
and improvement of AV synchrony did not occur. The increase in HR is likely related to the increased frequency of PVCs. In 
human patients with AV block, improvement of AV conduction and synchrony is not observed. Both canine and human patients 
with SSS treated with cilostazol can experience decreased sinus node pause time. Additionally in this case, cardiac preload due to 
marked bradycardia was improved as a result of the decreased ANP concentration. Cilostazol treatment may be effective and one of 
the medical therapy options in dogs with SSS, although it may not result in a normal sinus rhythm.

To the best of our knowledge, we report the first case of effective, long-term cilostazol treatment in a dog with SSS. There 
have been reports of undesirable side effects, including premature beats and atrial fibrillation, associated with long-term cilostazol 
therapy for human patients [5, 9]. In this case, although the patient exhibited premature beats, atrial fibrillation was not observed. 
In human patients, cilostazol is used until PMI can be performed and in patients unable to receive a pacemaker [5, 9, 10].

While on cilostazol, the patient had a two-day episode of bloody feces. While it is unclear that the bloody feces resulted from 
cilostazol, this occurrence suggests that additional therapy with other antithrombotic agents should be used cautiously in dogs.

To determine the dosage, we referenced a study with dogs and case reports of human patients with bradyarrhythmias [1, 2, 6, 
7, 9–11, 14, 19]. The effects of both increased HR and decreased blood pressure are concentration-dependent [14]. There is no 
evidence of cilostazol accumulation from repeated doses (7 days). In addition, at a dose of 3 mg/kg, the time after administration to 
maximum concentration was 3 hr, and the apparent half-life was 1.6 hr. Thus, administration every 8 to 12 hr is desirable. Based on 
these factors, we decided to administer a dose of 10 mg/kg every 12 hr.

The patient dog had long-term survival after treatment with cilostazol in this case report. However, the cause of death is 
unknown because a patient dog have died at home and we could not make a necropsy. It is not clear whether cilostazol treatment is 
related to sudden death.

In conclusion, Cilostazol could be one of therapeutic agents for dog with SSS. Further studies are needed to confirm efficacy and 
safety of cilostazol treatment.

REFERENCES

	 1.	 Akiyama, H., Kudo, S. and Shimizu, T. 1985. The absorption, distribution and excretion of a new antithrombotic and vasodilating agent, cilostazol, 
in rat, rabbit, dog and man. Arzneimittelforschung 35 7A: 1124–1132. [Medline]

	 2.	 Atarashi, H., Endoh, Y., Saitoh, H., Kishida, H. and Hayakawa, H. 1998. Chronotropic effects of cilostazol, a new antithrombotic agent, in patients 
with bradyarrhythmias. J. Cardiovasc. Pharmacol. 31: 534–539. [Medline]  [CrossRef]

	 3.	 Ebisawa, T., Ohta, Y., Funayama, M., Yamano, S., Mizuno, M., Mizuno, T., Kasuya, A., Sawada, T., Lee, J., Mizukoshi, T. and Uechi, M. 2013. 
Plasma atrial natriuretic peptide is an early diagnosis and disease severity marker of myxomatous mitral valve disease in dogs. Res. Vet. Sci. 94: 
717–721. [Medline]  [CrossRef]

	 4.	 Johnson, M. S., Martin, M. W. and Henley, W. 2007. Results of pacemaker implantation in 104 dogs. J. Small Anim. Pract. 48: 4–11. [Medline]  
[CrossRef]

	 5.	 Kato, R. 2006. Efficacy of PDE III inhibitor cilostazol in sick sinus syndrome. Jpn. J. Clin. Exp. Med. 83: 1383–1387 (in Japanese).
	 6.	 Kawamura, K., Fujita, S., Tani, T. and Kimura, Y. 1985. Effect of cilostazol, a new antithrombotic drug, on an experimental model of peripheral 

circulation insufficiency. Arzneimittelforschung 35 7A: 1154–1156. [Medline]
	 7.	 Kimura, Y., Tani, T., Kanbe, T. and Watanabe, K. 1985. Effect of cilostazol on platelet aggregation and experimental thrombosis. 

Arzneimittelforschung 35 7A: 1144–1149. [Medline]
	 8.	 Kittlesson, M. D. and Kienle, R. D. 1998. pp. 455–460. In: Small Animal Cardiovascular Medicine. Mosby Inc., St. Louis.
	 9.	 Kodama-Takahashi, K., Kurata, A., Ohshima, K., Yamamoto, K., Uemura, S., Watanabe, S. and Iwata, T. 2003. Effect of cilostazol on the 

ventricular escape rate and neurohumoral factors in patients with third-degree atrioventricular block. Chest 123: 1161–1169. [Medline]  [CrossRef]
	10.	 Moriya, I., Takahashi, T., Nomura, Y., Kawaura, K., Kusaka, K., Yamakawa, J., Fujioka, N., Okubo, S., Itoh, T. and Kanda, T. 2004. Chronotropic 

effect of the antithrombotic agent cilostazol in a patient with sick sinus syndrome and syncope. J. Int. Med. Res. 32: 549–551. [Medline]  [CrossRef]
	11.	 Ng Kam Chuen, M. J., Kirkfeldt, R. E., Andersen, H. R. and Nielsen, J. C. 2014. Syncope in paced patients with sick sinus syndrome from the 

DANPACE trial: incidence, predictors and prognostic implication. Heart 100: 842–847. [Medline]  [CrossRef]
	12.	 Nimura, A., Sato, N., Sakuragi, H., Koyama, S., Maruyama, J., Talib, A. K., Nakagawa, N., Sakamoto, N., Ota, H., Tanabe, Y., Takeuchi, T., 

Kawamura, Y. and Hasebe, N. 2011. Recovery of advanced atrioventricular block by cilostazol. Intern. Med. 50: 1957–1961. [Medline]  [CrossRef]
	13.	 Rubenstein, J. J., Schulman, C. L., Yurchak, P. M. and DeSanctis, R. W. 1972. Clinical spectrum of the sick sinus syndrome. Circulation 46: 5–13. 

http://www.ncbi.nlm.nih.gov/pubmed/4074423?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9554801?dopt=Abstract
http://dx.doi.org/10.1097/00005344-199804000-00010
http://www.ncbi.nlm.nih.gov/pubmed/23312500?dopt=Abstract
http://dx.doi.org/10.1016/j.rvsc.2012.12.007
http://www.ncbi.nlm.nih.gov/pubmed/17212742?dopt=Abstract
http://dx.doi.org/10.1111/j.1748-5827.2006.00190.x
http://www.ncbi.nlm.nih.gov/pubmed/4074428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4074426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12684307?dopt=Abstract
http://dx.doi.org/10.1378/chest.123.4.1161
http://www.ncbi.nlm.nih.gov/pubmed/15458288?dopt=Abstract
http://dx.doi.org/10.1177/147323000403200513
http://www.ncbi.nlm.nih.gov/pubmed/24711481?dopt=Abstract
http://dx.doi.org/10.1136/heartjnl-2013-304976
http://www.ncbi.nlm.nih.gov/pubmed/21921376?dopt=Abstract
http://dx.doi.org/10.2169/internalmedicine.50.5228


N. KANNO AND T. SUZUKI

1034doi: 10.1292/jvms.17-0018

[Medline]  [CrossRef]
	14.	 Shintani, S., Watanabe, K., Kawamura, K., Mori, T., Tani, T., Toba, Y., Sasabe, H., Nakagiri, N., Hongoh, O., Fujita, S., Aogi, T., Kido, Y., Umezato, 

M., Ishikawa, M. and Hiyama, M. 1985. General pharmacological properties of cilostazol, a new antithrombotic drug. Part II: Effect on the 
peripheral organs. Arzneimittelforschung 35 7A: 1163–1172. [Medline]

	15.	 Toyonaga, S., Nakatsu, T., Murakami, T., Kusachi, S., Mashima, K., Tominaga, Y., Yamane, S., Uesugi, T., Kanai, H. and Tsuji, T. 2000. Effects of 
cilostazol on heart rate and its variation in patients with atrial fibrillation associated with bradycardia. J. Cardiovasc. Pharmacol. Ther. 5: 183–191. 
[Medline]  [CrossRef]

	16.	 Tsukamoto, M., Imai, S., Yagi, H. and Kamimatsuse, K. 2003. Effect of cilostazol on cardiac arrest in patients with sick sinus syndrome Jpn. J. 
Electrocardiol. 23: 587–595 (in Japanese).  [CrossRef]

	17.	 Ward, J. L., DeFrancesco, T. C., Tou, S. P., Atkins, C. E., Griffith, E. H. and Keene, B. W. 2016. Outcome and survival in canine sick sinus 
syndrome and sinus node dysfunction: 93 cases (2002–2014). J. Vet. Cardiol. 18: 199–212. [Medline]  [CrossRef]

	18.	 Wess, G., Thomas, W. P., Berger, D. M. and Kittleson, M. D. 2006. Applications, complications, and outcomes of transvenous pacemaker 
implantation in 105 dogs (1997–2002). J. Vet. Intern. Med. 20: 877–884. [Medline]

	19.	 Yamashita, S., Miyagawa, K., Inagaki, T. and Dohi, Y. 1999. [Cilostazol increased heart rate with improvement of activity of daily living in an 
elderly patient with sick sinus syndrome]. Nippon Ronen Igakkai Zasshi 36: 561–564 (in Japanese). [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/5039825?dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.46.1.5
http://www.ncbi.nlm.nih.gov/pubmed/3000392?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11150407?dopt=Abstract
http://dx.doi.org/10.1054/JCPT.2000.8696
http://dx.doi.org/10.5105/jse.23.587
http://www.ncbi.nlm.nih.gov/pubmed/27286907?dopt=Abstract
http://dx.doi.org/10.1016/j.jvc.2016.04.004
http://www.ncbi.nlm.nih.gov/pubmed/16955812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10554564?dopt=Abstract
http://dx.doi.org/10.3143/geriatrics.36.561

