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Abstract

The number of device implantation procedures has increased in adult patients with congenital heart disease (ACHD).
Despite significant improvements in materials and implantation techniques, these patients are exposed to higher risk of
device related complications than general population. Herein, we describe our single tertiary referral center experience on
transvenous pacemaker (PM) implantation and follow-up in adult patients with moderate and complex congenital heart
disease (CHD) as limited data are available on long-term outcome. We considered all adults with moderate and complex
CHD aged more than 16 years who underwent transvenous single-chamber and dual-chamber PM implant for sinus node
dysfunction or atrioventricular block between January 2013 to December 2022 at our Unit. Seventy-one ACHD patients
were included in the study (mean age 38.6 +15.2 years, 64% with moderate CHD, 36% with complex CHD). Among 32
patients implanted with a dual chamber PM (DDD PM), 4 devices were reprogrammed in VDD mode, 3 in VVI and 2 in
AAI mode during follow-up because of lead dysfunction or permanent atrial arrhythmia. In addition, 26 patients had a sin-
gle chamber PM (AAI or VVI PM) and 13 patients had single-lead pacing system with a free-floating atrial electrode pair
(VDD PM). Just one of 13 single-lead VDD PM was reprogrammed in VVI mode due to a low atrial sensing. In DDD PM
group, 10 re-interventions were needed due to lead dysfunction (8 cases) and lead-related infective endocarditis (2 cases).
Only 3 patients in the single-lead PM group developed lead dysfunction with 2 re-interventions needed, but no infective
endocarditis was reported. The rate of long-term complications is high in moderate and complex ACHD with transvenous
PM devices, and it is mainly lead-related. In our experience, the less leads implanted, the less complications will occur.
Considering the heterogeneity of the ACHD population, transvenous single-chamber or dual-chamber PM device implan-
tation should always be tailored on the single patient, balancing risks and benefits in this complex population.
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Introduction

The prevalence of congenital heart disease (CHD) is
increasing worldwide [1, 2]. Nowadays, more than 90%
of children with CHD survive into adulthood thanks to
Giovanni Papaccioli and Fulvio La Rocca have contributed equally to medical, surgical, and technological evolutions over
the research. the past decades [1, 2]. As a result, the number of adult
congenital heart disease (ACHD) patients in the Euro-
pean Union exceeds for the first time that of children
[2, 3]. Anyway, CHD is a lifelong condition and some
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or atrioventricular block (AVB) may occur, as direct
consequence of congenitally impaired (displaced or
malformed) sinus node or AV conduction system and/
or corrective surgery/interventional procedures [4, 5].
Because of heterogeneity of the ACHD population and
the increased risk of device-related complications in these
patients [6, 7], PM implantation should be performed in
centers with a multidisciplinary team and wide expertise
in CHD-related device therapy [8—12]. However, limited
data are available on long-term outcomes of transvenous
PM devices in adult patients with moderate and complex
CHD.

The aim of this single-center study is to describe our
clinical experience on transvenous PM implantation in
our moderate and complex ACHD population, focusing
on the indications for device insertion, type of devices
implanted, rate of complications, device re-programming
and re-interventions during follow-up.

Materials and Methods

We conducted an observational, retrospective study on
transvenous PM implantation and follow-up in adult
patients with moderate or complex CHD referred to our
division between January 2013 and December 2022. Data
were prospectively collected and retrospectively ana-
lyzed using medical records and device registry database
of our unit. The study received approval from the local
ethics committee and conformed to the ethical guidelines
of the 1975 Declaration of Helsinki and its later amend-
ments. Informed consent was obtained from all patients
or their guardians.

Inclusion/exclusion Criteria
Inclusion criteria consisted of:

a. (a)aged>16 years,

b. (b) presence of moderate or complex CHD, according
to the latest international guidelines,

c. (c)indication for transvenous PM implantation, accord-
ing to the latest international guidelines [10, 11].

Patients with simple CHD, patients with other types of
devices (epicardial or leadless PM, transvenous or epi-
cardial implantable cardioverter defibrillator or cardiac
resynchronization therapy devices) or those aged <16
years were excluded.
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Implantation Procedure

All procedures were performed in the electrophysiology/
cardiac pacing laboratory, by a single team of six electro-
physiologists of the ACHD Unit with the support of the
manufacturer’s technicians, under fluoroscopic guidance.

Antibiotic prophylaxis was given to all patients. The
more frequent approach for leads insertion was through to
the left subclavian or axillary vein; an alternative option
was through the left cephalic vein. Right access was
required in case of left venous obstruction. The choice
between active or passive fixation atrial and ventricular
leads was made based on the operator’s preference and
underlying anatomy.

Data Collection and Analysis

The following data were collected for each patient: patient
demographics, underlying CHD, indication for PM ther-
apy, age at PM implant, type of device implanted, initial
programmed pacing mode, change in programmed pac-
ing mode over time, rate of complications and re-inter-
ventions, occurrence of arrhythmias during follow-up.
The complication rate between dual- and single-chamber
PM groups was compared using a “chi-square” test. P
value < 0.05 was considered statistically significant. Sta-
tistical analysis was carried out using SPSS.

Follow-up

After discharge, all patients were scheduled to a regular
follow-up at our ACHD outpatient clinic, involving clini-
cal evaluation, ECG and devices interrogation 2—4 weeks
after the implant and subsequently every 6—12 months.
Additionally, transthoracic echocardiography and Holter
monitoring were performed every 12 months to assess the
ongoing functional status of the disease.

Results
Patients’ Characteristics

Seventy-one ACHD patients were included in the study.
Baseline characteristics of the study cohort are shown
in Table 1. Among them, 38 patients (53%) were male
and 33 patients (47%) were female. The median age at
the time of implant was 38.6 +15.2 years (range 16-83).
Forty-six patients (64%) had moderate CHD, while 25
patients (36%) were affected by complex CHD (Fig. 1).
The most frequent indication for PM implantation was
AVB (84.5%), including post-operative AVB (55%) and
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Table 1 Characteristics of the study cohort (n=71)

Sex

Male 38 (53%)
Female 33 (47%)
Age 38.6+15.2
Congenital heart disease (CHD)

Moderate CHD 46 (64%)
Complex CHD 25 (36%)
Type of CHD

Tetralogy of Fallot 19 (26.8%)
Transposition of the Great Arteries (TGA) 16 (22.6%)
Congenitally corrected TGA 10 (14.2%)
Atrioventricular Septal Defect 4 (5.6%)
Severe Aortic Valve Stenosis 3 (4.2%)
Double Outlet Right Ventricle 3 (4.2%)
Coarctation of the Aorta 2 (2.8%)
Subaortic Stenosis 2 (2.8%)
Pulmonary Valve Stenosis 2 (2.8%)
Functional Single Ventricle 2 (2.8%)
Ventricular Sepal Defect with associated abnormalities 2 (2.8%)
Interrupted Aortic Arch 1 (1.4%)
Ebstein’s Anomaly 1 (1.4%)
Pulmonary Atresia 1 (1.4%)
Shone complex 1 (1.4%)
Eisenmenger 1 (1.4%)
Partial Anomalous Pulmonary Venous Connection 1 (1.4%)
Indication to pacemaker implant

Post-operative atrioventricular block 39 (55%)

Spontaneous atrioventricular block
Sinus node dysfunction

Type of transvenous pacemaker

21(29.5%)
11 (15.5%)

Dual chamber pacemaker (DDD PM) 32 (42%)
Single chamber pacemaker (VVI PM) 26 (36%)
Single-lead dual chamber pacemaker (VDD PM) 13 (18%)

spontaneous AVB (29.5%), while SND accounted for
15.5%. Thirty-two patients (42%) were implanted with a
dual-chamber PM (DDD PM), 26 patients (36%) with a
single-chamber PM (AAI PM or VVI PM) (Fig. 2), while
13 patients (18%) had single-lead dual chamber PM with
a free-floating atrial electrode pair (VDD PM).

Follow-up

At the last clinical follow-up, 36 patients (50.7%) were
PM-dependent. The total number of PM generator
replacement procedures were 47 and the mean generator
longevity was 8 +2.2 years, with no differences between
dual- and single-chamber PM. Five patients (7%) had a
permanent atrial arrhythmia (atrial fibrillation or intra-
atrial re-entrant tachycardia).

Of the 32 dual-chamber PM initially programmed to
DDD pacing mode, 4 devices (12.5%) were later repro-
grammed in VDD mode, 3 devices (9.4%) in VVI mode
and 2 devices (6.3%) in AAI mode because of lead failure
(4 cases), lead displacement (2 cases) or absence of need
for dual-chamber pacing (e.g., no need for atrial pacing

after onset of permanent atrial arrhythmia) (3 cases).
Therefore, only 23 out of 32 patients (71.8%) were main-
tained in DDD mode until the last follow-up, but 5/23
(21.7%) showed a percentage of atrial pacing less than
25%. Among single-chamber PM, 25 devices (96.1%)
were in VVI pacing mode, and one device (3.9%) in AAI
mode. One of 13 single-lead VDD PM (7.7%) was repro-
grammed in VVI pacing mode due to a low atrial sensing,
while 12 patients (92.3%) maintained VDD mode during
follow-up (Table 2).

During the follow-up period, 10/32 patients (28.1%)
in the dual-chamber PM group (DDD PM) needed a re-
intervention (lead abandonment with addition of a new
lead, n = 6; lead extraction and reimplantation, n =2; lead
repositioning, n=2) due to lead fracture/insulation break
(n=06), lead dislocation (n=2) or lead-related infective
endocarditis (n =2) (Fig. 3). On the other hand, lead dys-
function occurred only in 3/38 patients (lead fracture/
insulation break, n = 1; poor sensing, n=2) in the single-
lead PM group (VVI PM +AAI PM +single-lead VDD
PM), with only 2 cases of re-intervention for new lead
addition (n=1) and lead repositioning (n=1). No cases
of infective endocarditis were reported in this group. So,
we observed 19/71 (26.7%) device-related late complica-
tions, of which 17 were lead-related and 2 were linked to
infective endocarditis. (Table 3) (Fig. 4). The number of
complications in the dual-chamber PM group was statis-
tically significantly higher compared to the single-cham-
ber PM group (16/32 vs. 3/39, p 0.0001).

Discussion

ACHD patients are lifelong at higher risk of requiring PM
implantation than the general population, primarily due
to both anatomic features and previous cardiac surgery
or interventional procedures [8, 9]. Post-operative high-
degree AVB is estimated to occur in 1-3% of patients
undergoing surgery for CHD, especially in patients who
underwent ventricular septal defect closure, left ventricle
outflow tract obstruction correction, Tetralogy of Fallot
repair and left sided valve surgery [5, 7-9, 13, 14]. Sinus
node dysfunction (SND) may result from cardiac surgery,
such as atrial switch operation (Mustard or Senning pro-
cedures), atrial septal defects repair and Fontan correc-
tion [15-19]. ACHD patients with post-operative SND or
high degree/complete AVB are considered at a higher risk
of sudden cardiac death (SCD). Therefore, broader indi-
cations for PM implantation compared to patients with
structurally normal hearts have been suggested [8—11].
Several issues require attention prior to the implan-
tation procedure in this population. PM implantation in
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Fig. 1 Congenital heart disease distribution in the study population.
ToF' Tetralogy of Fallot, TGA Transposition of the Great Arteries,
ccTGA congenitally corrected Transposition of the Great Arteries,
AVSD Atrio-Ventricular Septal Defect, DORV Double Outlet Right

Fig. 2 Transvenous single chamber pacemaker (VVI PM) in a patient
with surgically corrected Transposition of the Great Arteries (Mustard
operation)
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B Sub-Aortic stenosis
W VSD with associated abnormalities
H PVS

W AVS

Ventricle, CoA Coarctation of the Aorta, FSV Functional Single Ven-
tricle, V'SD Ventricular Septal Defect, PV'S Pulmonary Valve Stenosis,
AVS Aortic Valve Stenosis

Table 2 Initial pacing mode and final pacing mode of our cohort at the
last follow-up (n=71)

Pacing mode at implant Pacing mode at last follow-up  n (%)

DDD DDD 23 (32.4)
DDD VDD 4(5.7)
DDD VVI 3(4.2)
DDD AAI 2(2.8)
VVI VVI 25(35.2)
AAI AAI 1(1.4)
VDD VDD 12 (16.9)
VDD VVI 1(1.4)

ACHD population may be challenging due to anatomic
constraints, technical difficulties related to the underly-
ing CHD, previous cardiac surgery or interventional pro-
cedures, complex systemic venous anatomy, presence
of severe valve regurgitation, presence of intracardiac
devices [2, 8, 9]. The presence of residual intra-cardiac
shunts or baffle leaks increases systemic thromboembolic
risk, as well as lead placement in systemic right or left
ventricle. Moreover, in case of narrowed or occluded
intracardiac baffles, prior or simultaneous recanalization
and stenting are necessary. Attention is also needed to the
absence of direct vascular access to cardiac chambers or
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Fig.3 Chest X-Ray of a patient
with a dual-chamber PM and an
abandoned atrial lead

Table 3 Actiology of device-
related late complications

Lead fracture/insu-  Lead dislodge- Lead poor sens- Infective
lation break (%) ment (%) ing (%) endo-
carditis
(%)
Dual-chamber PM (DDD) 10 (31.25) 4(12.5) 0(0) 2 (6.25)
Single-lead PM 1(2.5) 0(0) 2(5.1) 0(0)

(VVI+AAI+VDD)

to central venous obstruction. Epicardial lead placement,
with the necessity of a thoracotomy, should be alterna-
tively considered in these cases, especially if patients are
needed of other cardiac surgery.

The rate of peri-procedural and long-term complica-
tions in ACHD patients is higher than in general popu-
lations [20-24]. A retrospective study on 234 ACHD
patients reported a rate of peri-procedural complications
of 10.9% (two times greater than the general popula-
tion) and long-term complication of 35% [20]. Walker
et al., in their observational study reported 27% of lead-
related complications [21]. In the Royal Brompton Hos-
pital’s registry, 44 out of 238 (18.5%) ACHD patients
required > 1 re-intervention due to device related com-
plications [22]; lead failure was the most common cause
of device-related complication needing re-intervention. A
single-centre study reported 50 systems (24%) dysfunc-
tion among 208 endocavitary device recipients with CHD

(PM or ICD); the most common reason was lead-related
issues (70%), while infection (22%) was the second one
[23]. In line with these data, in our study, 19 out of 71
(26.7%) device-related late complications were identi-
fied, of which 17 were lead-related and 2 were linked to
infective endocarditis.

Our experience suggests that the choice of dual-
chamber PM is not always accompanied by a real clini-
cal benefit and it is weighted by an increased risk of
long-term complications. In fact, late complications
have affected DDD PM more frequently than single-lead
PM in our study. Moreover, at the last clinical follow-
up, among 32 patients with dual-chamber PM, 9 devices
were reprogrammed in single-chamber mode because of
lead failure/displacement or absence of need for dual-
chamber pacing, without developing significant worsen-
ing of clinical status or signs/symptoms of hemodynamic
impairment owing to suboptimal AV synchrony or AV
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71 ACHD patients

46 moderate CHD 25 complex CHD
- 39 post-operative AVB
- 21 spontaneous AVB
- 11 sinus node dysfunction,
32 DDD-PM 26 WI-PM 13 VDD-PM

l

- b6 lead abandonment with
addition of a new lead

- 2 lead extraction and
reimplantation

- 2 lead repositioning

l

Fig. 4 Summary of patients’ characteristics and device-related complications at follow-up

dyssynchrony and pacemaker syndrome. Interestingly,
a significant number of patients in DDD pacing mode
(21.7%) required a low percentage of atrial pacing (less
than 25%).

Therefore, in selected ACHD patients with bradyar-
rhythmia, it could be considered as an alternative option
to perform an initial implantation of a transvenous sin-
gle-chamber PM (AAI or VVI PM), and then upgrade to
a dual-chamber device if needed, in order to minimize
lead-related complications during follow-up. Anyway,
the best therapeutic strategy and the choice of PM type
should be assessed case-by-case, balancing risks and
benefits.
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Conclusions

Despite significant improvements in technologies and
clinical expertise on PM therapy, the rate of long-term
complications remains high in moderate and complex
ACHD, primarily due to lead-related issues. The fewer
leads implanted, the lower the likelihood of complica-
tions. Given the heterogeneity of the ACHD population,
the implantation of transvenous single-chamber or dual-
chamber PM device implantation should always be tai-
lored on the single patient, carefully balancing risks and
benefits in this complex population (Fig. 5).
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Moderate and
Complex CHD
patients

Indication for device

implant

(o)
-

EF < 40% or development
of pacing-associated
cardiomyocpathy

Expected low % of
atrial and ventricular

Expected high % of.
atrial and ventricular

pacing pacing
Transvenous Transvenous Transvenous
single-chamber PM single-chamber PM dual-chamber PM
(Vi) (VDD**) (DDD)

Development of
pacemaker
syndrome or SND
at follow-up

Up-grade to
dual-chamber PM
(DDD)

Fig. 5 Proposed flowchart for clinical decision between single- and
dual-chamber PM in moderate and complex CHD patients*. PM
Pacemaker; CHD Congenital Heart Disease; AVB Atrio-Ventricular
Block; SND Sinus Node Dysfunction; CRT Cardiac Resynchronization
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