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ABSTRACT
Introduction: Sinus node dysfunction (SND) following orthotopic
heart transplantation may lead to bradycardia, atrioventricular
block, sick sinus syndrome, syncope, and death, with 6%-23%
of patients requiring pacemakers.

Methods: Permanent pacemakers were placed in 5% of
orthotopic heart transplants conducted at our institution from
January 2002 to October 2008.

Results: Three different implant techniques were used over this
time: (1) dual-chamber pacing in the donor atrium and ventricle
(AD-VD) (62.5%); (2) single lead in the donor atrium (AD) (12.5%);
and (3) dual leads placed in both donor and recipient atrium (AR-
AD) (25%). Using the percentage of paced histograms recorded in
the device, heart rate variability for the types of lead placements
were 14% for AD-VD, 35% for AD, and 97% for AR-AD.

Discussion: The transplanted heart is characterized physiolog-
ically by autonomic denervation and chronotropic incompetence.
Restoration of chronotropic competence by atrial pacing
increases exercise duration and peak VO2. Rate responsiveness
can be achieved in this patient population with the placement of
one lead in the remnant right atrium and one lead in the
transplanted donor right atrium.

INTRODUCTION
When a patient undergoes cardiac transplantation

and subsequently is considered for permanent pace-
maker implantation, unique concerns arise that the
implanting cardiologist must reconcile. Although
current pacing guidelines address some of the
different clinical situations in which a permanent
pacemaker should be considered post transplanta-
tion, the recommendations regarding the timing of
implantation, the location of lead placements, and the
type of pacemaker system to be used in the
transplanted heart remain unclear. In absence of
prospective case-control clinical trials on which to
base clear guidelines, the following review serves to
contribute to the ongoing development of such
guidelines by (1) describing a single transplant
center’s experience with permanent pacemaker im-
plantation following orthotopic heart transplantation,
(2) reviewing the current understanding of the elec-
trophysiology of the denervated transplanted heart
and the pathogenesis of both early and late brady-
cardias, and (3) suggesting an alternative mode of
pacing in post–heart transplant patients.

METHODS
The present study was approved by the institu-

tional review board of the Ochsner Clinic Foundation
(IRB No. 2010.075.A) and uses data collected
retrospectively by reviewing our institution’s database
of transplanted patients. The cohort included 153
patients who received orthotopic heart transplants
between January 2002 and October 2008. Records of
pacemaker implantation and interrogation were ob-
tained from the medical record and used to calculate
heart rate variability quotients for each patient based
on the rate settings at the time of each interrogation.
Heart rate variability was defined as the percentage of
heartbeats outside the lower rate setting at the time of
each pacemaker interrogation.

RESULTS
Permanent pacemakers were placed in 8 of the

153 orthotopic heart transplants conducted during the
study period for symptomatic bradycardia (25%),
asystole (38%), atrioventricular (AV) block (13%),
sinus node dysfunction (13%), and chronotropic
insufficiency (13%). Three lead placement techniques
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were used over time: (1) dual-chamber pacing in the
donor atrium and ventricle (AD-VD) (62.5%), (2) single
lead in the donor atrium (AD) (12.5%), and (3) dual
leads placed in both donor and recipient atrium (AR-
AD) (25%) (Figure). Patient demographics at the time
of implant are displayed in the Table; all permanent
pacemaker patients identified in this study underwent
a standard Lower-Shumway (biatrial) orthotopic heart
transplantation procedure. A variety of pacemaker
settings and lead placement techniques were used,
with a frequency of dual-chamber rate adaptive
(DDDR) pacing, 78%; atrial-inhibited, rate-modulated
(AAIR) pacing, 16%; and ventricular demand inhibited
(VVI) pacing, 6%. Among the three lead placement
groups—AD-VD (n 5 5), AD (n 5 1), and AR-AD (n 5

2)—heart rate variability for the types of lead
placements was 14%, 35%, and 97%, respectively
(Figure). At the time of publication, 2 patients are
deceased, 2 patients are no longer followed at our
institution, and permanent pacing is still required in
the 4 remaining patients.

DISCUSSION
Since 1960, the traditional biatrial technique

reported by Lower and Shumway1 was the predom-
inant surgical method used in orthotopic heart
transplantation. The loss of atrial anatomy resulting
from this technique is responsible for the develop-
ment of posttransplant complications such as mitral
and tricuspid regurgitation, atrial septal aneurysm,
atrial thrombus formation, bradycardia, and tachyar-
rhythmia.2,3 As a result, alternative techniques and
modifications, such as the domino procedure and the

bicaval technique, have been used to address the
problem of large atrial cavities with abnormal geom-
etry created by the Lower and Shumway technique.

Regardless of the specific technique, in all cases
the donor heart is denervated from the autonomic
nervous system. Depending on which technique is
used, however, two sinus nodes may be present: an
innervated recipient sinus node and a denervated
donor sinus node. The donor sinus node in the biatrial
technique displays properties of variable atrial con-
duction and electrical isolation because of the atrial
suture line. The activity of both sinus nodes is
frequently visible on electrocardiograms as two
distinct P waves that differ in morphology and rate.
The recipient P wave can be dissociated from the
QRS complex, while the donor sinus node, lacking
parasympathetic input, typically demonstrates a rate
between 80 and 100 beats per minute.

Electrophysiology
According to multiple studies,4,5 the electrophys-

iology of the transplanted heart, assessed in the
resting state, demonstrates atrial and ventricular
refractory periods and AV nodal conduction proper-
ties following orthotopic cardiac transplantation that
are similar to those observed in normal controls.
Neurochemically, the response of the transplanted
heart to b-adrenergic agonists and antagonists is
qualitatively normal.6 However, the donor heart
demonstrates supersensitivity to catecholamines.
Studies showing a greater increase in donor heart
rate compared with the recipient sinus node suggest a
presynaptic origin for this supersensitivity.7 This

Figure. Depiction of lead placement techniques in orthotopic heart transplant recipients and graphic representation of
calculated heart rate variability.
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denervated supersensitivity also occurs in response
to the neurotransmitter acetylcholine and the endog-
enous metabolite adenosine.8

Chronotropic Incompetence
It is imperative that physicians understand the

effects of denervation in determining the medical
management of posttransplant bradycardias and
conduction abnormalities, as well as in explaining
why chronotropic incompetence is the rule following
orthotopic heart transplant. The rate response to
exercise, in the posttransplant heart, is characterized
by a delayed onset, a reduced rate of rise, and a lower
maximal rate at peak exercise. Following cessation of
exercise, heart rate typically increases further before
decelerating slowly.9 In a 31-patient series, Scott and
colleagues10 reviewed chronotropic incompetence
associated with the transplanted heart. In most
patients, responsiveness continually improved, peak-
ing between the third and sixth postoperative weeks.
This majority, however, peaked at only 40% of the
expected chronotropic response. A small minority (5
of 31) progressively normalized by the sixth postop-
erative month. Additional studies looking at oxygen
consumption (VO2) have found that although trans-
plant patients generally demonstrate up to a 43%
increase in peak oxygen consumption compared with
pretransplant levels, their maximal exercise capacity
is subnormal.11 When compared with normal controls,
a multivariate analysis revealed chronotropic re-
sponse was the factor most strongly associated with
peak VO2.12

Posttransplant Bradycardia
Following orthotopic transplantation, most hearts

are functionally depressed and require support with
positive chronotropic agents or temporary pacing for
the first 24 hours. Bradycardias that occur or persist
beyond this point are seen in 14% to 44% of

patients.9 The myriad of studies characterizing these
bradycardias find that those secondary to sinus node
dysfunction predominate early in the posttransplant
period, with AV block being relatively uncommon.
Illustrating that most patients with sinus node dys-
function will regain function with time, a Pittsburgh
series13 showed that 55 of 72 patients with bradycar-
dia had improvement in heart rate by the third week
following transplantation, with 50 of the 55 showing
improvement in less than 7 days. Multiple potential
etiologies—including the ischemic time of the donor
heart, surgical trauma, donor age, total bypass time,
and preoperative use of amiodarone—may explain
bradycardia in cardiac transplantation. However,
studies have not shown consistently which, if any, of
these factors are predictors of sinus node dysfunction
or the need for permanent pacing. In contrast, late
bradyarrhythmias generally present with AV block14

and with a slightly increased association with severe
rejection.15

Permanent Pacemaker Implantation
The incidence and reasons for pacemaker implan-

tation following cardiac transplantation vary among
different studies, with reported rates of 6% to 23%.9

Most of these studies report sinus node dysfunction,
slow junction rhythm, sinus arrest, or sinus bradycar-
dia as the primary reasons, with about 10% resulting
from abnormal AV conduction, primarily second- and
third-degree heart block. Most of these studies
involve pacemaker implantation prior to hospital
discharge, usually between 7 and 21 days post
transplant. Interestingly, when evaluated on follow-
up, these same studies demonstrate that only around
45% of the patients were still bradycardic at 1 year.9

An important factor to account for in implanting a
pacemaker in cardiac transplant recipients is the
distorted right atrial anatomy. The posttransplant
heart’s position varies based on surgical techniques

Table. Patient Characteristics at Permanent Pacemaker Implant

Age, y Gender Race
Tx

Indication Tx, d* Indication
Rejection

Status
Lead

Placement

50 M C NIDCM 580 Syncope 2u AV block Mobitz type 1 None AD-VD

21 F C HCM 16 Asystole Grade 1A AR-AD

65 M C ICM 11 Asystole Trace IgG and C3 AD-VD

21 M H NIDCM 5 Asystole None AD-VD

65 M C ICM 14 Chronotropic incompetence None AD-VD

59 M C ICM 21 Symptomatic bradycardia None AD-VD

60 F C NIDCM 25 Sinus node dysfunction None AD

52 F AA NIDCM 26 Symptomatic bradycardia None AR-AD

Abbreviations: *, days post transplant; AD, donor atrium; AR, recipient atrium; AA, African American; AV, atrioventricular; C, Caucasian; H, Hispanic; HCM, hypertensive

cardiomyopathy; ICM, ischemic cardiomyopathy; IgG, immunoglobulin G; NIDCM, nonischemic dilated cardiomyopathy; Tx, transplantation; VD, donor ventricle.
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but usually is more inferior and medial in an anterior-
posterior projection. When selecting leads for implan-
tation, 2 considerations should be remembered: First,
the risk of dislodgment is higher, making active
fixation preferred16; second, bipolar leads provide
superior sensing to limit far-field sensing of ventricular
or recipient atrial activity.

Lead Placement
Standard implantation techniques have been used

to place only ventricular leads (VD) in patients deemed
at risk for AV block with or without concomitant signs
of sinus node dysfunction. Some investigators advo-
cate this method as the most cost-effective and
appropriate therapy for 2 main reasons.17 First,
pacing independence at 6 months is reportedly
achieved in greater than 75% of patients initially
identified as requiring permanent pacemakers.18

Second, deaths reported due to bradyarrhythmias
following transplantation are usually associated with
rejection and severe graft vasculopathy.18

Another single lead system, using a single lead in
the donor atrium (AD), can be used in cases of sinus
node dysfunction, as long as intrinsic conduction to
the ventricle can be demonstrated (Figure). Loria and
colleagues19 used this method with success in a case
series of patients with persistent and symptomatic
sinus node dysfunction in the early postoperative
period. The theoretical benefit of this method comes
from the lack of a cumbersome ventricular lead
interfering with the frequent transvenous right ven-
tricular biopsies required in posttransplant patients.

Currently, though, the most common system is a
dual-chamber pacemaker, with leads in the donor
atrium and donor ventricle (AD-VD). This pacing
system may be adjusted to achieve a large variety
of atrial and ventricular pacing settings in patients with
and without AV conduction blocks. Zieroth and
colleagues20 recently described a retrospective series
that found, similar to our research, incidence of
single- and dual-chamber permanent pacemakers of
31% and 69%, respectively.

Restoring Chronotropic Competence
As previously mentioned, chronotropic incompe-

tence is prevalent and functionally limiting in the
posttransplant population. Although most modern
pacemakers are capable of rate-responsive pacing,
this study illustrates that even with that feature active,
dual-chamber and single-chamber lead systems
placed in the donor heart do not maximally correct
the chronotropic incompetence that comes from a
denervated, transplanted heart (Figure).

Restoration of physiologic responsiveness has
been studied, and various reports have documented

the effectiveness of physiologic pacing in posttrans-
plant patients with sinus node disease.21 This study
confirms that physiologic pacing can restore rate
responsiveness in patients with intact AV conduction
by using the innervated recipient (remnant) atrium as
an atrial sensor for pacing the donor atrium (AR-AD).22

This method was previously described in the medical
literature using a dual-chamber device with an atrial
lead positioned in the recipient atrium, while the lead
connected to the ventricular channel was positioned
in the donor atrium (Figure).22 To allow for the
recipient atrium to serve as a biosensor, the dual-
chamber system is programmed with ventricular
pacing and the shortest possible AV delay. Alterna-
tively, a bipolar single-chamber device with a Y-
adapter connecting 2 unipolar leads implanted in the
respective atria has been used to create physiologic
pacing.23 The technical challenges of these systems
are mapping and localizing donor and recipient atrial
activity, which Bexton et al24 reported was possible in
about 70% of patients. A comparative study looking
at the impact of various pacing modalities on exercise
performance in patients without rejection demonstrat-
ed that restoration of chronotropic competence by
recipient-to-donor atrial pacing increased exercise
duration and peak VO2.25

CONCLUSION
Despite the simplicity of a VVI system, the relative

merits of physiologic pacing have seen DDDR or AAIR
pacing become the standard for pacing in posttrans-
plant patients.9 A unique mode of pacing for post-
transplant patients, biatrial, uses the remnant as a
physiologic sensor to achieve both AV synchrony and
chronotropic competence. In patients with intact AV
conduction, this method most closely approximates
the chronotropic variability of the native heart, giving
patients the maximum benefit from transplantation.
Further studies are needed that assess the outcomes
and long-term effects of the biatrial approach for
pacemaker implantation following orthotopic heart
transplantation.
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