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Abstract
Background and Objective: An 18-years-old, Warm blood gelding presented with a history of exercise intolerance. Clinical evaluation
revealed intermittent pauses with atrial fibrillation. The pauses occur repeatedly, particularly after exercise indicating sinus node disease.
The objective of this study was to perform a permanent pacemaker implantation in sinus node dysfunction in horse and to evaluate heart
function after the procedure. Materials and Methods: The horse underwent permanent single chamber pacemaker implantation. Regular
rhythm was restored with threshold level of 2.1 Volts. Heart functions and other clinical evaluations were assessed at 30 and 90 days and
1 year after transplantation. Paired t-test was used to determine the difference between baseline and post-treatment. Results: Blood
analysis revealed normal parameters, including cardiac troponin values. No side effects were observed, horse showed improvement in
heart function and life quality after pacemaker implantation. Conclusion: Permanent single chamber pacemaker implantation can be
considered as a treatment option for horses with bradycardia-tachycardia syndrome.
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INTRODUCTION

Sick sinus syndrome or bradycardia-tachycardia syndrome
is defined as an abnormality in the typical cardiac rhythm of
elderly adults. Atrial fibrillation can coexist with sinus node
dysfunction1. It may cause symptoms such as in appetence,
exercise intolerance and weakness. However, the link between
these two conditions is poorly understood. A previous study
has demonstrated that sinus node dysfunction may precede
the onset of atrial fibrillation2. Horses with atrial fibrillation
often progress to develop atrial remodeling and heart failure.
Long-standing persistent atrial fibrillation is less likely to
convert to sinus rhythm with medication such as quinidine
sulfate and animals are more likely to suffer a recurrence3,4.
Previous studies suggested that conversion of atrial fibrillation
at the initial stage might be beneficial for success rate and
early return to training5. Cardiac pacemaker implantation is
the most common invasive cardiac electro physiological
procedures. Transvenous cardiac pacing electrode insertion is
simple, safe and widely used in human medicine6,7. In
veterinary medicine, permanent pacemaker implantation has
been increasingly considered in management of bradycardias
caused by atrioventricular block and sinus node dysfunction.
However, pacemaker implantation in horses has rarely been
described for the treatment of cardiac arrhythmias. In this
case, sinus node dysfunction was diagnosed in a horse. The
purpose of this study was to evaluate the heart morphology
and function after performing permanent pacemaker
implantation in bradycardia-tachycardia syndrome in horse.

Case description: Sinus node dysfunction or bradycardia-
tachycardia  syndrome  was  diagnosed  in an 18  years-old,
530 kg gelding Warmblood horse. The horse was used for
jumping and for pleasure riding. Horse had less impulsion gait
and exercise intolerance while being ridden at the canter. On
physical examination, horse was found to be depressed. No
lameness and neurological problems were found. However,
pulse deficit and irregular rhythms were detected during
examination. No murmur was heard in all valve regions on
auscultation. The respiratory rate and lung sounds were
normal. The complete blood count and blood chemistry were
within reference limits and cardiac troponin T was within
normal range (less than 0.014 ng mLG1)8-9. Blood profiles
before, 30 and 90 days after pacemaker implantation are
shown in Table 1. A full cardiac examination was performed,
including electrocardiography, 2-Dimensional, M-Mode and
color flow doppler echocardiography (Mindray, China) at
baseline, 3, 30 and 90 days and 1 year after pacemaker
implantation. 

Table 1: Blood profiles before, 30 and 90 days after pacemaker implantation
After
---------------------------------------

Before 30 days 90 days
WBC (×103 µLG1) 5.51 8.26 5.09
RBC (×106 µLG1) 6.68 6.43 6.59
HGB (g dLG1) 12.20 11.90 11.90
HCT (%) 31.00 32.40 31.00
BUN (mg) 9.60 12.60 15.90
Creatinine (mg) 1.63 1.62 1.96
Total protein (g) 6.00 5.50 5.50
AST (U LG1) 272.00 274.00 293.00
ALP (U LG1) 109.00 127.00 135.00
CK (U LG1) 133.00 190.00 117.00
Fibrinogen (mg) 200.00 200.00 200.00
WBC: White blood cell, RBC: Red blood cell, HGB: Hemoglobin, HCT: Hematocrit,
BUN: Blood urea nitrogen, AST: Aspartate aminotransferase, ALP: Alkaline
phosphatase and CK: Creatine kinase

MATERIALS AND METHODS

Electrocardiographic examination: A base apex lead
electrocardiogram (ECG) recording (Kenz ECG 110, Single
channel digital Electrocardiographs, Japan) was performed in
standing position with a paper speed of 25 mm/sec and
calibration of 10 mm for 1 mV. This study was carried out on
March, 2016 at Kasetsart Veterinary Teaching Hospital,
Kamphaeng Saen Campus. ECG revealed irregular heart
rhythm with fibrillating waves. The heart rate calculated from
the ECG recording was around 23 beats minG1 (bpm), which is
lower than the normal heart rate of the horse. Therefore, the
bradyarrhythmic rhythm from excessive vagal tone was
investigated using the electrocardiographic recordings under
light exercise conditions (10 min of walking). The ECGs are
shown in Fig. 1a. After pacemaker implantation, ECG showed
regular rhythm at pacing rate of 50 bpm (Fig. 1b) and 100 bpm
(Fig. 1c).

Echocardiographic examination: The horse underwent a
complete echocardiographic examination with continuous
electrocardiogram monitoring to evaluate the underlying
cardiac disease and to guide the lead positioning in the right
ventricle (Fig. 2). Echocardiography was evaluated before and
after pacemaker implantation by one skillful sonographer in
order  to  evaluate  the  cardiac  conditions  and  to monitor
the progression of cardiac remodeling at baseline, 3,  30 and
90 days and 1 year after pacemaker implantation. The
measurement was performed using 2.0 mHz cardiac
transducer in parasternal long, short axis and apical four-
chamber view in standing position with no sedation.
Echocardiographic images were captured and stored for
offline analysis. Left ventricular wall structure and function
were    calculated    by    measuring    the    images    from   two-
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Fig. 1(a-c): Base apex electrocardiogram was recorded, (a) Recording of electrocardiogram after walking for 10 min, after
implantation  in  (b)  Regular  rhythm  of  ventricular response and (c) At a pacing rate of 100 beat minG1 (25 mm secG1,
1 mV cmG1)

Fig. 2: Echocardiographic image showing the electrode lead was placed in the right ventricle septum (white arrow) during
systolic (left panel) and diastolic (right panel) of cardiac cycle, LV: Left ventricle, RV: Right ventricle, IVS: Inter ventricular
septum

37

 
(a) 

(b) 

(c) 



Asian J. Anim. Vet. Adv., 13 (1): 35-42, 2018

Fig. 3(a-d): Surgical technique sequence from (a-d) Perform transvenous single chamber pacemaker implantation in horse

Table 2: Echocardiographic database before, 30 and 90 days and 1 year after
pacemaker implantation

After
Echocardiographic ----------------------------------------------------
database Before 30 days 90 days 1 year
IVSd (cm) 3.50 3.5 3.9 4.6
LVIDd (cm) 10.50 11.5 10.8 10.3
LVPWd (cm) 2.99 3.6 3.6 5.1
EDV (mL) 630.70 773.0 698.8 571.8
IVSs (cm) 3.27 3.6 4.2 4.9
LVIDs (cm) 7.16 7.5 7.3 5.3
LVPWs (cm) 3.27 3.5 5.5 5.7
ESV (mL) 269.90 393.7 280.2 151.5
EF (%) 57.20 49.1 61.8 73.5
FS (%) 31.90 35.1 33.9 48.4
IVSd: Interventricular septum diastolic diameter, LVIDd: Left ventricular end
diastolic diameter, LVPWd: Left ventricular free wall diastolic diameter, EDV: End-
diastolic volume, IVSs: Interventricular septum end systolic diameter, LVIDs: Left
ventricular end systolic diameter, LVPWs: Left ventricular free wall end systolic
diameter, ESV: End-systolic volume,  EF:  lEft  ventricular  ejection  fraction  and
FS: Left ventricular fractional shortening

dimensional and M-mode planes. Ventricular wall thickness
and dimensions were  recorded  during  diastole  and systole
to obtain parameters such  as  diastolic inter ventricular
septum thickness (IVSd), systolic interventricular septum
thickness(IVSs), left ventricular end diastolic diameter (LVIDd),
left ventricular end systolic diameter (LVIDs), left ventricular
wall diastolic thickness (LVPWd) and left ventricular wall
systolic thickness (LVPWs). The left ventricular ejection fraction
(EF) was calculated as: 

EDV-ESVEF = 100
EDV



Echocardiography results are shown in Table 2. 

Pacemaker implantation: A 9F introducer sheath (Merit
Medical, USA) was placed in the lower half of the jugular vein.
The introducer has one single entrance port for insertion of
pacing catheter (St. Jude, USA). Figure 3 displays the protocol
of pacemaker implantation. Briefly, the horse was tranquilized
with 0.02 mg kgG1 of acepromazine  and  then  skin was
shaved and sterilized with chlorhexidine solution. After 10 min
of sedation with 0.8 mg kgG1 of xylazine hydrochloride, the
catheter was inserted and positioned in the standing sedated
horse under echocardiographic guidance from the left
hemithorax.  A  base  apex  lead  electrocardiography  was
used to determine the cardiac  rhythm.  The  initial threshold
of  stimulation  was  adjusted  at  2.1  V  at   a   basal   rate   of
45 pulse minG1 (ppm), pulse amplitude of 4.5 V and pulse
width of 0.37 msec. The pacemaker was connected to the
electrode lead and positioned in a subcutaneous pocket at
pectoral groove region. The skin was sutured and the pacing
catheter was applied at a lower rate of 35 bpm (St. Jude, USA).
The electrical  characteristics of the pacemaker lead at the
time of implantation, 30 and 90 days and 1 year after the
implantation are shown in Table 3. 
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Clinical evaluations: Follow up visits and baseline  results
were documented before, 30 and 90 days and 1 year after the
pacemaker implantation. The sequence of the study is shown
in Table 4. Clinical outcomes were evaluated using a numerical
rating scale based on a standardized questionnaire. The
horse’s owner was provided with a consent  form  and asked
to complete a questionnaire with quality of life questions
adapted from the Minnesota Living with heart failure
questionnaire. The owner was asked to evaluate and score the
questions regarding history, demeanor, exercise intolerance
and appetite by means of the ordinal number, in which low
scores indicate the worst quality of life (Table 5).

Statistical analysis: All results were expressed as
mean±standard error of the mean (SEM). Statistical analysis
was performed with Instat3 (GraphPad Software Inc., USA). 

RESULTS

There was no significant difference in the left ventricular
diameter between pre- and post-pacemaker implantation.
Mildly decreased fractional shortening (FS) was observed
before pacemaker implantation. However, post-implantation
showed improvement in cardiac contractile function. Increase
in the volume of blood pumped from the left ventricle was not
detected until 30 days after implantation, as shown in Table 2
and Fig.  4.  At  3  month  follow  up  assessment,  quality  of life

scores were significantly improved after pacemaker
implantation (Fig. 5) and the horse was apparently healthy, in
good body condition and weighing 550 kg. 

This present study suggests that single chamber
pacemaker could be used as a potential treatment for
bradycardia-tachycardia syndrome in horse. It is a good
alternative treatment for horses with arrhythmias that
pharmacological treatment is ineffective. This study is also the
first clinical application of successful pacemaker implantation
in horse with sinus node dysfunction in Thailand.

DISCUSSION

Sinus node dysfunction is nota common rhythm
disturbance in horse. However, intermittent pauses with atrial
fibrillation were presented in this case. Cardiac intervention
using pacemaker is a well proven therapeutic approach for the

Table 3: Pacemaker programming before, 30 and 90 days and 1 year after
pacemaker implantation

After
---------------------------------------------

Before 30 days 90 days 1 year
Basal rate (ppm) 45.00 45.00 45.00 45.00
Pulse width (ms) 0.49 0.37 0.37 0.70
Pulse amplitude (v) 4.50 3.90 3.30 4.50
Pulse current (mA) 9.10 10.90 9.50 13.00
Lead impedance (W) 495.00 353.00 344.00 342.00
Percent of paced counts (%) 99.00 86.00 79.00 76.00
ppm: Pulse per minute, ms: Millisecond, v: Volt, mA: Milli-ampere and W: Ohm

Table 4: Clinical treatments and follow up visits on day 0, 3, 30 and 90 and 1 year after pacemaker implantation
Treatments Day 0 Day 3 Day 30 Day 90 1 year
Physical examination T T T T T

Cardiac examination T T T T T

Blood sample T - T T -
Pacemaker battery monitoring T - T T T

Follow up T T T T

Table 5: Domains and assessment items in questionnaire. Each domain contains related items that were scored on a scale of 1 to 5, where 1 is minimum level and 5
is maximum level

Variables Score Clinical sign
Demeanor 1 Unresponsive

2 Minimally responsive
3 Moderately depressed
4 Mildly depressed
5 Alert, responsive

Exercise intolerance 1 Inactive, only get up to eat and drink or urinate
2 Less active than normal
3 Able to move around a few times per day, avoided long walk
4 Able to move around but the ability to run was reduced
5 Able to move around and run but not able to fully exercise

Appetite 1 Markedly decreased
2 Minimally decreased
3 Decreased
4 Normal
5 Increased
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management of sinus node disorders. Pacemaker
implantation is a common procedure for the treatment of
brady arrhythmias in dogs10-17. In this study, pacemaker
implantation was also considered as a treatment option for
horse with  sinus node dysfunction or bradycardia-tachycardia

Fig. 4: Analysis of percentage (Mean±SEM) of cardiac output
(CO) in horse at pre-(Day 0) and post-implantation
(Day 3, 30, 90 and 1 year). After implantation showed
improvement of cardiac output compared to the
baseline

syndrome. Previous  studies demonstrated that long term
right ventricular pacing at the apical area results in
intraventricular conduction delay and cardiac remodeling.
Alternative pacing sites, such as biventricular pacing and right
ventricular septal pacing have been reported to relieve this
adverse effect18-19. For this reason, the pacing site in this study
was designed to place the pacemaker lead at the right
ventricular septum. 

The left ventricular diameter and contractilefunction
measurement at baseline and after pacemaker implantation
were performed to monitor the heart structural and functional
changes. There was a significant morphological change 
following pacemaker implantation in right ventricular septum
position after 1 year follow up. These results are similar to
previous reports that right ventricular pacing might result in
cardiac remodeling20. Despite the thickening of the inter
ventricular septum and left ventricular free wall, the horse
remains stable and in good condition and heart function. This
is similar to previous reports that pacemaker implantation
might not reduce mortality but can decrease symptoms and
improve the quality of life. However, further assessment of the
horse’s fitness level is required and an additional year of follow

Fig. 5(a-c): Life quality scores in horse. Questionnaire included questions about exercise intolerance, demeanor and appetite
status. Values are Mean±SEM, **p<0.01, ***p<0.001 compared with baseline
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up may be necessary to investigate the ability to perform work
in this case. There were 2 main limitations for performing
pacemaker implantation in this case. One limitation was the
lack of equipment facilities, including 24 h ECG monitoring,
which is important during electrical cardioversion procedures
and fluoroscopy, to confirm the position of an electrode lead.
However, echocardiography images were used to guide the
lead positioning instead of fluoroscopy. Another limitation of
this study was the anesthetic consideration in a geriatric horse.
Previous study reported that nearly 60% of patients suffered
morbidity, specifically related to duration of anesthesia and
age21-22. Under this circumstance, pacemaker implantation was
performed under local anesthesia and sedation with horse in
standing position.

CONCLUSION

The treatment procedure in this study provided the initial
evidence in horse that single chamber pacemaker
implantation is safe and has the potential to control the heart
rate. However, it may be necessary to increase the duration of
follow up after pacemaker implantation in order to investigate
the heart remodeling response as well as exercise ability.

SIGNIFICANCE STATEMENT

This manuscript describes a treatment option for horse
with bradycardia-tachycardia syndrome using intervention
cardiology procedure. This study provided the initial evidences
in horse that single chamber pacemaker implantation was safe
and had a potential to control the heart rate.This study is the
first clinical application on the success of pacemaker
implantation in horse with bradycardia-tachycardia syndrome
in Thailand.

ACKNOWLEDGEMENTS

Authors are grateful to Dr. Peerapong Tengtanakit,
Director of Chollada Hospital  and  Miss  Sidapun Boonkoom
for  the  technical  support  and  Dr.  Iffath  A  Ghouri for
English   Language   Editing.   Author   would  like  to   thank to
Dr. Wanchart Yippaditr and Dr.  Ratikorn Bootchafor the
surgical support and Merge Companion (Thailand) Co., Ltd.
that provided the portable color Doppler ultrasound. This
research did not receive any specific grant from funding
agencies  in  the  public,  commercial,  or  not  for profit
sectors.

REFERENCES

1. De  Clercq,  D.,  G.  van  Loon,  R. Tavernier, L. Duchateau and
P. Deprez, 2008. Atrial and ventricular electrical and
contractile remodeling and reverse remodeling owing to
short-term pacing-induced atrial fibrillation in horses. J. Vet.
Int. Med., 22: 1353-1359.

2. Ferrer, M.I., 1968.  The  sick  sinus syndrome in atrial disease.
J. Am. Med. Assco., 206: 645-646.

3. Holubec,  T.,  G.  Ursprung,  F.  Schonrath,   E.   Caliskan   and
J. Steffel et al., 2015. Does implantation technique influence
lead failure? Acta Cardiol., 70: 581-586.

4. Mokhber-Dezfouli, M.R., N. Alidadi, M. Darestani-Farahani and
A. Rezakhani, 2007. The first report of equine atrial fibrillation
in Iran. J. Vet. Res., 626: 53-55.

5. Nattel, S., B. Burstein and D. Dobrev, 2008. Atrial remodeling
and atrial fibrillation: Mechanisms and implications. Circ.
Arrhythm. Electrophysiol., 1: 62-73.

6. Reef,     V.B.,    J.    Bonagura,    R.    Buhl,    M.K.J.    McGurrin,
C.C. Schwarzwald, G. van Loon and L.E. Young, 2014.
Recommendations for management of equine athletes with
cardiovascular abnormalities. J. Vet. Int. Med., 28: 749-761.

7. Schmitt, K.E.  and  B.K.  Lefbom, 2016. Long-term
management of atrial myopathy in two dogs with single
chamber permanent transvenous pacemakers. J. Vet. Cardiol.,
18: 187-193.

8. Wells, S.M. and M. Sleeper, 2008. Cardiac troponins. J. Vet.
Emerg. Crit. Care, 18: 235-245.

9. Lee, S., S.I. Pak and C. Hyun, 2009. Evaluation of changes in
cardiac biomarker concentrations and enzyme activities in
serum after short- and long-duration transcutaneous cardiac
pacing in dogs. Am. J. Vet. Res., 70: 599-603.

10. Adan, V. and L.A. Crown, 2003. Diagnosis and treatment of
sick sinus syndrome. Am. Fam. Physician, 67: 1725-1732.

11. Miller, S., 2011. Syncope. In: Clinical Veterinary Advisor: Dogs
and Cats, Cote, E. (Ed.)., Elsevier, USA., pp: 1065-1067.

12. Oyama, M.A., D.D. Sisson and L.B. Lehmkuhl, 2001. Practices
and outcome of artificial cardiac pacing in 154 dogs. J. Vet.
Internal Med., 15: 229-239.

13. Van  Loon,  G.,  W.  Fonteyne,  H.  Rottiers,  R.  Tavernier  and
P. Deprez, 2002. Implantation of a dual-chamber, rate-
adaptive pacemaker in a horse with suspected sick sinus
syndrome. Vet. Rec., 151: 541-545.

14. James,  R.,  2007.  Use  of   pacemakers   in   dogs.   Practice,
29: 503-511.

15. Johnson, M.S., M.W.S. Martin and W. Henley, 2007. Results of
pacemaker implantation in  104 dogs. J. Small Anim. Pract.,
48: 4-11.

16. Maisenbacher III, H.W., A.H. Estrada, R. Prosek, A.C. Shih and
J.M. Vangilder, 2009. Evaluation of the effects of transvenous
pacing site on left ventricular function and synchrony in
healthy anesthetized dogs. Am. J. Vet. Res., 70: 455-463.

41



Asian J. Anim. Vet. Adv., 13 (1): 35-42, 2018

17. Kavanagh, K., 2002. Sick sinus syndrome in a bull terrier. Can.
Vet. J., 436: 46-48.

18. Van Loon, G., K.J. Blissitt and L.E. Young, 2004. Use of
intravenous flecainide in horses with naturally-occurring
atrial fibrillation. Equine Vet. J., 36: 609-614.

19. Da Silva Junior, O., P.M. Maeda, M.C. Borges, C.S. de Melo and
D. Correia, 2012. One-year cardiac morphological and
functional evolution following permanent pacemaker
implantation in right ventricular septal position in chagasic
patients. Rev. Soc. Bras. Med. Trop., 45: 340-345.

20. Van Oosterhout, M.F., T. Arts, A.M. Muijtjens, R.S. Reneman
and F.W. Prinzen, 2001. Remodeling by ventricular pacing in
hypertrophying dog hearts. Cardiovasc. Res., 49: 771-778.

21. Pottie, R.G., C.M. Dart, N.R. Perkins and D.R. Hodgson, 2007.
Effect of hypothermia on recovery from general anaesthesia
in the dog. Aust. Vet. J., 85: 158-162.

22. Sinclair, M.D. and D.H. Dyson, 2012. The impact of
acepromazine on the efficacy of crystalloid, dextran or
ephedrine treatment in hypotensive dogs under isoflurane
anesthesia. Vet. Anaesth. Analg., 39: 563-573.

42


	AJAVA.pdf
	Page 1


