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ABSTRACT

Objectives: To evaluate and summarize the indications and outcome of cardiac 
pacing after heart transplantation. 

Methods: We reviewed a total of 19 cases who received orthotopic heart 
transplantation with biatrial anastomosis at our hospital since 1997. Data of cases 
who received temporary or permanent cardiac pacing due to bradyarrhythmias during 
both perioperative and follow-up periods. 

Results: Nine cases received temporary cardiac pacing after heart 
transplantation. In addition, seven of these cases received temporary cardiac pacing 
during the perioperative period most of them spontaneously recovered. Two cases 
received temporary cardiac pacing at late stage post-surgery after discontinuance 
of anti-rejection drugs, and died because of cardiac function deterioration during 
hospitalization. Four cases received permanent cardiac pacing, three at late stage post-
surgery, another during perioperative period. All three cases received implantation of 
a dual-chamber pacemaker via conventional approach. After pacemaker implantation, 
patients were followed up for 6 months to 11 years, and parameters were all within 
the normal range. Two cases underwent device replacement because of battery 
exhaustion. Another patient developed infective endocarditis and secondary multi-
organ failure after pacemaker implantation and didn’t survive. 

Conclusions: After orthotopic heart transplantation with biatrial anastomosis, 
the occurrence of bradyarrhythmia is higher during the perioperative period, which 
indicates the need for temporary cardiac pacing. A considerable number of cases will 
require cardiac pacing at the late stage post-implantation. Furthermore, bradycardia 
with severe heart failure may indicate signs of graft rejection. 
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INTRODUCTION

Heart implantation is a surgical transplant procedure 
that is performed on patients with end-stage heart failure 
when other medical or surgical treatments have failed. 
This approach can greatly improve the survival rate and 
quality of life of patients who suffer from heart failure [1]. 
However, a series of complications may occur after heart 
transplantation, and among them, bradycardia is the most 

common [2, 3]. Although most patients spontaneously 
recover from bradycardia, a small number would need 
permanent cardiac pacing after implantation of the heart. 
However, only few studies have focused on the use of 
cardiac pacing after heart transplantation in China. In our 
hospital, some cases which dependent on cardiac pacing 
after heart transplantation were found since 1997. This 
study analyzed these cases to share experience about 
bradycardia after heart implantation. 
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METHODS

Clinical data 

From June 1997 to December 2016, a total of 19 cases 
underwent orthotopic heart transplantation with biatrial 
anastomosis for which conventional general anesthesia 
and extracorporeal circulation was used. Prior to surgery, 
all cases were confirmed as having end-stage dilated 
cardiomyopathy and heart failure. These cases were given 
anti-rejection treatment after surgery. A total of 7 cases were 
given 4 mg/kg ciclosporin or 15 ng/kg tacrolimus, 4 mg/kg  
azathioprine or 40 mg/kg mycophenolate mofetil, and 
glucocorticoids. The remaining 12 cases received quadruple 
immunosuppressive therapy, which included triple 
immunosuppressive therapy combined with the monoclonal 
antibodies daclizumab or basiliximab. Informed consent 
was obtained in all patients, and all transplant surgeries 
were approved by the Ethics Committee of Zhejiang 
Provincial People’s Hospital. All the methods were carried 
out in accordance with the approved guidelines.

Perioperative heart rate management and 
indications for temporary cardiac pacing

All cases received placement of temporary 
epicardial pacing electrode in the right ventricle and 
were jointly monitored by the departments of cardiac 
and thoracic surgery, cardiology, and the intensive care 
unit. Parameters such as electrocardiography (ECG) were 
continuously monitored. Indications for postoperative 
temporary cardiac pacing were as follows: persistent 
sinus bradycardia (<60 beats/min), recurrent sinus 
pause, second- and third-degree atrioventricular block 
(AVB), poor control of frequent premature ventricular 
contractions, and bradycardia caused by necessary use of 
antiarrhythmic drugs. The epicardial pacing electrode was 
removed 2 weeks after heart implantation if temporary 
pacing is not necessary. The longest duration of temporary 
epicardial pacing was 1 month, and permanent pacemaker 
implantation was considered if the temporary epicardial 
pacing electrode could not be removed.

Postoperative follow-up

All cases received follow-up at the department of 
cardiac and thoracic surgery. Patients in need of cardiac 
pacing or other forms of cardiac treatment were transferred 
to the cardiology department. 

Perioperative caring and management of 
permanent pacemaker

Indications for permanent pacemaker implantation 
were referred from the guidelines. The procedure for 
permanent pacemaker implantation was similar to that for 

ordinary patients who required a pacemaker. Antibiotics 
were given for a total of one week during the perioperative 
period. Sutures were removed a week after pacemaker 
placement. Patients had regular follow-up appointments at 
1, 3, and 6 months after surgery, followed by a frequency of 
once every year. During follow-up, the status of the incision 
and parameters of the pacing electrode were examined. 

RESULTS

Temporary cardiac pacing

After heart transplantation, a total of 9 out of 19 
cases required and received temporary cardiac pacing 
(9/19, 47.4%). Seven patients received temporary cardiac 
pacing during the perioperative period, whereas two 
patients received temporary pacing at late stage post-
surgery. The major reason for temporary cardiac pacing 
during the perioperative period was sinus node dysfunction 
(6/7, 85.7%); 2 cases presented sinus bradycardia and in 4 
cases sinus pause was detected. In all these cases, the above 
symptoms were observed shortly after surgery. Five cases 
had an intermittent onset of bradycardia, and hemodynamic 
changes were observed during the onset of bradycardia. In 
these cases, cardiac pacing combined with anti-rejection 
treatment gradually restored normal cardiac rhythm within 
one month after surgery, therefore the temporary pacemaker 
was removed. Another case presented persistent severe 
bradycardia after surgery and required cardiac pacing. A 
temporary pacemaker was placed after 5 weeks of surgery 
because of the failure of restoration of a normal cardiac 
rhythm. Due to the intermittent onset of three-degree AVB 
during the perioperative period (1/7, 14.3%), one case 
received temporary cardiac pacing. During this period, this 
patient underwent emergency rescue because of ventricular 
tachycardia (VT). However, the atrioventricular conduction 
was completely restored at 1 month after surgery. All 
cases who received temporary cardiac pacing during the 
perioperative period were finally discharged from the 
hospital. In addition, after discontinuance of anti-rejection 
drugs, two cases received temporary cardiac pacing at the 
late stage post-surgery. In these two cases, who presented 
with severe heart failure, the indications for cardiac pacing 
included third-degree AVB with syncope. A temporary 
pacing electrode was placed into the endocardium of the 
right ventricle via the central vein. The pacing threshold 
at which the cardiac pacing captured the myocardium was 
set at 10V. During hospitalization, two patients were died 
due to the deterioration of cardiac function in spite of anti-
rejection treatment. For case description, see Table 1.

Permanent cardiac pacing 

A total of four cases received permanent cardiac 
pacing (4/19, 21.1%). Because of persistent sinus 
bradycardia, one of these patients received permanent 
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cardiac pacing during the perioperative period (1/4, 25%). 
The remaining three cases received permanent cardiac 
pacing at late stage post-surgery (3/4, 75%). Two of these 
three cases presented sudden syncope due to third-degree 
AVB, whereas the third case presented with sinus pause. 
All cases underwent implantation of a dual-chamber 
pacemaker via a conventional approach. Ventricular 
pacing electrodes were successfully implanted in the 
right ventricular apex or septum. The pacing parameters 
obtained were satisfactory and lied within the normal 
range. Moreover, atrial pacing electrodes were implanted 
in the right atrial appendage. However, the atrial pacing 
electrode that was implanted in the right atrial appendage 
at a threshold of 10V failed to capture the myocardium 
during surgery. Therefore, the position of the atrial pacing 
electrode was adjusted until reasonable pacing parameters 
were obtained. Preventive anti-infection treatment 
was given for one week post-surgery. After pacemaker 
implantation, cases were followed up for 6 months to 11 
years. Electrode parameters such as pacing, sensing, and 
impedance were within the normal range. In two cases, the 
pacemaker battery was replaced due to battery exhaustion. 
After implantation of the pacemaker, one case presented 
with combined chronic kidney failure and required 
hemodialysis. However, during this period, the patient 
developed infective endocarditis. Although the infection 
could be controlled, this patient was later diagnosed with 
prostate cancer with secondary multi-organ failure and did 
not survive. The remaining three cases demonstrated class 
I–II cardiac function. Table 2 presents the summary of the 
conditions of the above-described cases. 

DISCUSSION 

In this study, we retrospectively analyzed the 
prevalence, indications, and outcome of cardiac pacing 
after heart transplantation, and summarized the experience 
of perioperative management of pacemakers. We found 

that a significant number of patients who received 
orthotopic heart transplantation with biatrial anastomosis 
suffered from sinus node dysfunction, for which temporary 
cardiac pacing was required. In addition, patients with 
an intermittent onset of bradycardia after surgery were 
found to recover spontaneously, whereas patients with 
persistent bradycardia who were dependent on pacing may 
ultimately require a permanent pacemaker due to complete 
loss of sinus node function. Moreover, severe bradycardia 
combined with heart failure may indicate graft rejection.

Heart transplantation is an effective treatment option 
for end-stage dilated cardiomyopathy. Although most 
patients enjoy an increased survival and show a higher 
quality of life after heart transplantation, complications 
such as rejection of the donor heart are still common 
[4]. Previous reports have shown that the prevalence of 
bradycardia, that needs to be treated by temporary pacing 
or other means of medication, is as high as 46%–50% [5–7]. 
In the majority of such cases, bradycardia is caused by sinus 
node dysfunction. However, in roughly 76% of patients 
normal cardiac rhythm will be restored within 3 weeks after 
surgery. Common causes of bradycardia include ischemia of 
the donor heart, surgical damage, and graft rejection. The 
current guidelines on indications for pacemaker placement 
after heart transplantation point out that a full assessment 
of the recovery of bradycardia should be performed before 
any decision on cardiac pacing is made [8]. In our study, 
47.4% of cases had bradycardia that required application 
of temporary pacing after heart transplantation, which is in 
line with the incidence reported previously. Moreover, we 
found that paroxysmal bradycardia was likely to recover 
spontaneously, but that was not the case in patients who 
suffered from persistent bradycardia. Thus, different causes 
and severity of sinus node function may result in different 
clinical manifestations. 

The number of patients who required permanent 
cardiac pacing is far higher among patients who underwent 
heart transplantation compared to ordinary patients. Different 

Table 1: Summary of cases receiving temporary cardiac pacing
Early stage after implantation Late stage after implantation 

Case 7 2
Sinus node dysfunction 
Reasons for implantation 
Third-degree AVB

6

1

0

2
Clinical manifestation Bradycardia with chest tightness, and 

hemodynamic changes in some cases 
Syncope caused by bradycardia, combined with 

severe heart failure, hemodynamic disorders 
Outcome One case received a permanent 

pacemaker due to persistent bradycardia. 
In six cases, normal cardiac rhythm was 

restored. All cases were discharged 

Death

Causes Intraoperative ischemia of donor heart, 
probably leading to damage 

Discontinuance of anti-rejection drugs, 
suspected of acute rejection 
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studies have indicated different figures, which vary from 8% 
to 24% [2, 7]. Daniel et al. used the organ transplantation 
database of the US and conducted statistical analysis in 
35,987 cases who received heart transplantation between 
1997 and 2007 [9]. In this study, it was found that permanent 
pacemaker implantation was performed in about 10.9% of 
cases. The surgical approach accounted as the primary risk 
factor for permanent pacemaker implantation. The risk for 
permanent pacemaker implantation among patients who 
received standard biatrial anastomosis increased 1.87-fold. 
The prevalence of cardiac pacing was significantly different 
at 30 days (13% versus 0%; P = 0.008) and 90 days (17% 
versus 1.8%; P = 0.01) in the cases using biatrial anastomosis 
and double vena cava anastomosis after heart transplantation 
[10]. This may be due because biatrial anastomosis preserves 
part of the posterior wall of the right and left atrium of the 
recipient and anastomosis is performed to the corresponding 
atria of the donor heart, which may cause damage to the sinus 
node. In contrast, double vena cava anastomosis preserves 
the intact right atrium of the donor heart, thereby avoiding 
surgical damage to the sinus node. In our study, a total of 
21.1% of cases underwent cardiac pacing, which may be due 
to biatrial anastomosis. Regarding the timing of permanent 
pacemaker implantation, a previous study reported that 57.5% 
of cases underwent early implantation after surgery, whereas 
42.5% of cases underwent late implantation [2]. Sinus 
node dysfunction is the key indication for early permanent 
pacemaker implantation, and atrioventricular nodal 
dysfunction is the key indicator for late permanent pacemaker 
implantation. To date, some consensus has been reached as 

to the indications for early cardiac pacing, in particular, sinus 
node injury. However, indications for late cardiac pacing 
have yet to be identified. Increasing evidence has shown that 
graft rejection as identified by conventional endomyocardial 
biopsy is not associated with cardiac pacing [2, 9]. Another 
study reported a group of cases with graft rejection who 
showed bradycardia as the initial presentation at a late stage 
after heart transplantation [11]. Autopsy of cases who died 
from sudden syncope due to bradycardia revealed that graft 
rejection severely affected the cardiac conduction system, 
whereas the myocardium was only mildly affected. This 
indicated a close connection between bradycardia at late stage 
after heart transplantation and graft rejection. However, this 
is only rarely identified by the conventional endomyocardial 
biopsy approach. Of the 4 cases who received permanent 
cardiac pacing in our study, one case showed sinus node 
dysfunction as an indicator for early pacemaker implantation. 
Two cases, receiving late pacemaker implantation, had 
third-degree AVB, which was in line with previous studies. 
Another two cases showed bradycardia at late stage due 
to discontinuance of anti-rejection drugs. In both patients, 
bradycardia accompanied by severe heart failure, indicating 
simultaneous involvement of both the myocardium and the 
cardiac conduction system. These are convincing evidences 
that graft rejection is involved in bradycardia at late stage 
after heart transplantation. 

Currently, the most common system in patients 
receiving orthotopic heart transplantation is a dual-
chamber pacemaker, with leads in the donor atrium and 
donor ventricle (AD–VD). This pacing system could be 

Table 2: Summary of cases receiving permanent cardiac pacing

Gender 
Time from heart 
transplantation 
to cardiac pacing 

Indications 
for cardiac 
pacing 

Type of 
electrode 
and device 

Duration 
of follow-
up after 
cardiac 
pacing 

Status of 
electrode and 
device during the 
follow-up

Other conditions during follow-up 

Case 1 Male 3 years Syncope 
caused by 
third-degree 
AVB

Passive 
electrode, 
DDD

11 years Electrode 
parameters in the 
normal range, 
replacement of 
pacemaker 8 years 
after implantation 

The case had class 2 cardiac function 
after pacemaker implantation. He 
had kidney failure 2 years after 
replacement of pacemaker and received 
hemodialysis. Atrial fibrillation and 
infective endocarditis occurred. He was 
diagnosed prostate cancer the next year 
and died of multiple organ failure.  

Case 2 Female 5 weeks Symptomatic 
sinus 
bradycardia

Passive 
electrode, 
DDD

11 years Electrode 
parameters in the 
normal range, 
replacement of 
pacemaker 9 years 
after implantation

Class 1 cardiac function 

Case 3 Male 9 years Syncope 
caused by 
third-degree 
AVB

Active 
electrode, 
DDD

5 years Electrode 
parameters in the 
normal range, 

Class 2 cardiac function 
Received autologous peripheral blood 
stem cell transplantation for non-
Hodgkin lymphoma and was cured. 

Case 4 Male 13 years Syncope 
caused by 
sinus pause

Active 
electrode
DDDR

6 months Electrode 
parameters in the 
normal range, 

Class 2 cardiac function 
Paroxysmal atrial flutter 
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managed to achieve a large variety of atrial and ventricular 
pacing settings in patients with or without AV blocks [12]. 
Donor hearts that are used during heart transplantation are 
denervated, and therefore physiological regulation of the 
donor heart is no longer affected by cardiac sympathetic 
nerves and vagus nerves of the recipient. This may 
lead to chronotropic incompetence, and therefore rate-
adaptive pacemakers are recommended. As mentioned 
above, biatrial anastomosis preserves part of the posterior 
walls of the right and left atrium of the recipient and 
anastomosis is performed to the corresponding atria of 
the donor heart. Therefore, the transplanted heart has 
two mutually isolated sinus nodes, each of which has 
independent electrical activities that can excite part of 
the atria to generate mutually independent P-waves. The 
residual atria of the recipient is enervated by the vegetative 
nervous system and displays a sufficient chronotropic 
response. By using the above electrophysiological 
features, Andrzej et al. experimented by inserting the 
atrial electrode into the residual right atrium to sense the 
original sinus rhythm of the recipient and the insertion 
of another electrode into the atrium of the transplanted 
heart for patients requiring permanent pacing due to 
sinus node dysfunction or chronotropic incompetence 
of the transplanted heart [13]. The data showed that the 
two atria were well synchronized, and the pacemaker 
rhythm was well regulated by autonomic nerves. The 
study show that atrial resynchronization could be achieved 
only in about 1/4 patients with sinus node dysfunction 
after orthotopic heart transplantation, due to frequently 
noted electrophysiological changes in recipient atrium. 
And in transplanted heart patients, sensing and pacing 
conditions are more favorable in donor’s than recipient’s 
atrium. In our study, the atrial and ventricular electrodes 
were inserted in the donor heart of all patients. However, 
in one patient, cardiac pacing at a threshold of 10V still 
failed to capture the myocardium. This patient had an 
atrial electrode inserted into the right atrial appendage 
of the donor heart. The atrial electrode was located at the 
suture line. The position of the atrial electrode in the right 
atrial appendage was repeatedly adjusted until reasonable 
pacing parameters were obtained. According to our study, 
the use of an active electrode allows for a more flexible 
positioning of electrode in the atrium. 

Perioperative management and postoperative 
follow-up are of utmost importance for patients who 
receive permanent pacing after heart transplantation. 
These patients are usually immunocompromised due to 
the long-term use of anti-rejection drugs and therefore 
are very prone to infections. Aseptic manipulation should 
strictly be conducted during the perioperative period. To 
prevent infection, all patients were given antibiotics for 
one week perioperatively. Intravenous transfusion and 
invasive manipulation significantly increase the risk of 
infection. Infective endocarditis was observed in one case 
who received hemodialysis for kidney failure. 

Only few domestic studies have been performed 
that focus on cardiac pacing after heart transplantation. 
Therefore, additional clinical studies will be required 
to increase our understanding on cardiac pacing after 
heart transplantation. We strongly believe that careful 
preoperative assessment and strict postoperative 
management are crucial for a successful outcome in patients 
who receive cardiac pacing after heart transplantation.
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