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Abstract
Atrioventricular Septal Defect (AVSD) is a rare congenital heart defect (CHD) often associated with genetic syndromes, most 
commonly Down syndrome (DS). Over the last four decades, surgical repair has increased survival and improved quality of 
life in these patients. The prevalence of bradyarrhythmias namely, atrioventricular block (AVB) and sinus node dysfunction 
(SND) in AVSD is partially known. 522 cases with both partial and complete AVSD (38.7% with DS), undergoing intra-
cardiac repair from 1982 to 2016 at our institution, were reviewed from our system database. 38 (7.3%) patients received 
permanent PM implantation for AVB (early or late) or SND. On one hand, AVB requiring PM was found in 26 (4.98%). This 
was further subdivided into early-onset 14 (2.6%) and late-onset AVB 12 (2.2%) (median 4 [IQR 1–7] years). On the other 
hand, 12 (2.3%) experienced late SND requiring PM (median 11 [IQR 3.5–15.2] years). Early and late AVB were independent 
from the type of AVSD (partial or complete), whereas the late SND was remarkably observed in complete AVSD compared 
to partial AVSD (p = 0.017). We classified the cohort into two main categories: DS (202, 38.7%) and non-DS (320, 61.3%). 
At Kaplan–Meier survival analysis, DS was significantly associated with late-onset bradyarrhythmias (p = 0.024). At Cox 
regression analysis, we identified DS as an independent predictor of PM implantation (HR 2.17). In conclusion, about 7% of 
repaired AVSD patients need PM implantation during follow-up. There are no differences in early and late AVB occurrence 
according to the type of AVSD. There is a higher incidence of late SND in repaired complete AVSD, with a later timing onset 
in patients with associated DS. Moreover, DS seems to be an independent predictor of PM implantation.
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Down syndrome · Pacemaker implantation

Abbreviations
AVSD  Atrioventricular septal defect
CHD  Congenital heart defect
DS  Down syndrome
AVB  Atrioventricular block

SND  Sinus node dysfunction
PM  Pacemaker

Introduction

Atrioventricular septal defects (AVSD) represent nearly 
7% of all congenital heart diseases, with an incidence of 
approximately 4–5.3 per 10,000 live births [1]. AVSD com-
prise a broad spectrum of cardiac anomalies characterized 
by incomplete development of the septal tissue at the atrial 
and/or ventricular level, abnormalities of the atrioventricu-
lar valves, and can be either complete or partial [1]. AVSD 
can be an isolated finding or it can be associated with other 
cardiac defects or extracardiac abnormalities constituting a 
syndromic form (in almost 50% of AVSD). Many syndromes 
are associated with AVSD such as Down syndrome (DS), 
Heterotaxy, CHARGE Syndrome, Rasopathies, Holt Oram 
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Syndrome, and many other genetic syndromes. Almost 50% 
of DS patients show AVSD (commonly complete and rarely 
partial AVSD) [2]. Conduction system injury remains the 
leading cause of postoperative cardiac morbidity. In the last 
decade, the incidence of postoperative complete or advanced 
high-degree atrioventricular block (AVB) has progressively 
declined compared to its first description by Lillehei at al. 
[3]. However, it continues to be a serious complication in 
approximately 1–3% of surgically repaired major CHDs 
[3–7]. The incidence of late AVB and sinus node dysfunc-
tion (SND), and their timing after surgery, are still unknown. 
AVB may variably occur months or years after surgery 
[8–11]. Indeed, postoperative arrhythmias, including AVB 
and SND, are serious complications in different AVSD forms 
including DS and non-DS populations [12]. So far, there 
are conflicting data in literature regarding the relationship 
between DS and bradyarrhythmias as a determinant factor 
for long-term outcomes [13–15].

The aim of this study was to explore the incidence of 
early and late AVB and SND requiring pacemaker (PM) 
implantation in a large single-center cohort of surgically 
repaired AVSD children and to determine the prognostic 
impact of DS during a long-term follow-up.

Materials and Methods

Study Design

In this single-center observational cohort study, we reviewed 
the medical records and operative findings of all patients 
with partial or complete AVSD who underwent intracar-
diac repair from 1982 to 2016 at our Institution. For each 
patient enrolled, data regarding demographics, cardiac diag-
nosis, age at first surgical repair, age at PM implantation, 
and genetic abnormalities were collected from the system 
database.

Length of follow-up was calculated as the time from the 
first operation to the date of the last follow-up visit at our 
Institution.

Informed consent was obtained from each patient and the 
study protocol conforms to the ethical guidelines of the 1975 
Declaration of Helsinki as reflected in a priori approval by 
the institution’s human research committee.

Study Population

The characteristics of the study population with inclusion 
and exclusion criteria are depicted in Fig. 1.

According to the International Pediatric and Congenital 
Cardiac Code [16], complete AVSD included an ostium pri-
mum atrial septal defect and a non-restrictive inlet ventricu-
lar septal defect with a single atrioventricular valve annulus 

Fig. 1  Flow-chart of the study 
population. AVSD atrioventricu-
lar septal defect, PM pacemaker
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and a common atrioventricular valve. Partial AVSD was 
defined as an AVSD with an isolated atrial component, also 
known as primum or ostium primum atrial septal defect, 
where the attachment of the bridging leaflets to the ven-
tricular septum results in two orifices and shunting occurs 
at the atrial level. Ventricular septal defect in cAVSD was 
considered medium defined as aortic annulus, without dif-
ference between Down and not-Down subjects, but its prog-
nostic impact on long-term arrhythmic complications was 
not significant.

DS was genetically confirmed in all patients by cytoge-
netic analysis.

We have excluded genetic syndromes, such as hetero-
taxy syndrome, Noonan, CHARGE usually associated to 
ASVD because it is still widely debated the influence of 
a genetic condition on surgical outcomes [17]. Indeed, in 
these patients, coexisting extracardiac malformations may 
predispose to a different preoperative and postoperative risk 
stratification. For example, heterotaxy syndrome carries a 
higher arrhythmic risk associated to anatomic and hemo-
dynamic factors, as the intrinsic propensity to experience 
bradyarrhythmias [18].

Patients developing AVB or SND after a subsequent 
cardiac operation, unrelated to initial repair, were excluded 
because the AVB/SND was assumed as not due to AVSD 
repair.

The diagnosis of AVB or SND was documented on hos-
pital records, ECG, 24-h Holter monitoring, exercise testing, 
and PM or Loop Recorder interrogation, whenever available.

AVB was defined as “early” if occurred within 30 days 
after first surgery, persisting for at least 7–10 days. It was 
considered “late” AVB if diagnosed at more than 30 days 
after first surgery, requiring PM implantation with class I 
indication according to the ACC/AHA/NASPE and ACCF/
AHA/HRS guidelines and recent literature data [5, 19–23].

According to current guidelines, postoperative SND 
requiring PM implantation was considered as a late brad-
yarrhythmic condition [24].

Surgical Repair

Repair was accomplished by standard cardiopulmonary 
bypass with bicaval cannulation, mild-to-moderate hypo-
thermia (28–32 °C), and intermittent infusion of anterograde 
blood cardioplegic solution. All preexisting shunts were 
divided at initiation of cardiopulmonary bypass.

All children with complete AVSD had closure of septal 
defects using the 2-patch technique. The ventricular patch 
was made of glutaraldehyde-treated autologous or heterolo-
gous pericardium and was shaped like a comma. The cleft of 
the left atrioventricular valve was closed with multiple inter-
rupted monofilament sutures, and competence of the valve 
was assessed by filling the left ventricle with cold saline 

solution. Closure of the ostium primum atrial septal defect 
followed repair of the left atrioventricular valve and was 
also achieved by an autologous or heterologous pericardial 
patch, always leaving the coronary sinus on the right atrial 
side [25, 26].

Statistical Analysis

Categorical variables were reported as counts (percentage) 
and compared with Chi-square test. Continuous variables 
were first tested for Gaussian distribution with the one-
sample Kolmogorov–Smirnov test. They were expressed 
as mean ± standard deviation (SD), and compared with 
unpaired Student t test, if normally distributed. They were 
instead reported as median and 1st–3rd quartiles and com-
pared with Mann–Whitney U test if not normally distributed. 
Event-free survival was estimated by Kaplan–Meier method 
and compared by the log-rank test. Cox proportional hazards 
regression was used to calculate hazard ratios (HR) for PM 
implantation. Stochastic level of entry into the model was set 
at a p value of 0.10, and interaction terms were explored for 
all the variables in the final model. In the analysis, the time 
to event was the time from AVSD repair to PM implantation 
for late onset of bradyarrhythmias in years. A p value < 0.05 
was considered as statistically significant.

Statistical analysis was performed using IBM SPSS Sta-
tistics, version 22 (SPSS Inc., Chicago, IL).

Results

The characteristics of the whole cohort of 633 pediatric 
patients screened, with inclusion and exclusion criteria, are 
shown in Fig. 1.

During follow-up (maximum 34 years, median 18, inter-
quartile range [IQR] 11–23 years) 51 (8%) patients were lost. 
After excluding patients with isomerism and genetic syn-
dromes other than DS, a total of 522 patients with partial and 
complete AVSD were recruited. DS was present in 202/522 
patients (38.7%). There were four late deaths: three for end-
stage heart failure and one for acute respiratory infection.

Thirty-eight patients (7.3%) underwent permanent PM 
implantation after first surgical correction for early or late 
AVB or SND. AVB occurred in 26 patients (~ 5%), with 
early onset in 14 (2.6% of all operated AVSD) and late 
onset in 12 (2.2%) (Median 4 [IQR 1–7] years; the latest 
at 17 years). Twelve patients (2.3%) experienced late-onset 
SND after surgery, with 10 patients developing late SND 
and 2 postoperative SND (median 11 [IQR 3.5–15.2] years; 
the latest at 19 years).

Patients requiring postoperative PM implantation were 
well balanced for gender, age at first surgical correction, 
DS prevalence, timing of late AVB and SND, age at PM 
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implantation, and mortality (Table 1). In these patients, there 
were major associated cardiac lesions such as 3 tetralogy of 
Fallot associated with complete AVSD, 1 cor triatum asso-
ciated with complete AVSD, 3 aortic coarctation (2 asso-
ciated with complete AVSD and 1 with partial AVSD), 1 
partial abnormal pulmonary return associated with complete 
AVSD, 1 persistent left superior vena cava associated with 
complete AVSD, 1 double outlet right ventricle associated 
with complete AVSD, 1 subaortic stenosis associated to par-
tial AVSD. Among minor associated cardiac lesions there 
were 5 posterior clefts (4 associated with partial AVSD and 
1 with complete AVSD). None of them was associated to 
arrhythmic complications.

A progressive but not statistically significant decrease in 
postoperative bradyarrhythmias was observed from 1994 to 
2016, with a more pronounced reduction in the occurrence 
of SND (Fig. 2a).

Complete AVSD Versus Partial AVSD

No differences in early AVB were found according to type 
of AVSD and a tendency towards a higher frequency of late 
AVB was found in partial AVSD patients. Conversely, a 
significant difference was observed in the incidence of late 
SND, which was significantly higher in patients with com-
plete AVSD than with partial AVSD (p = 0.017).

Down Syndrome Versus Non‑Down Syndrome

There was no significant difference in mortality between DS 
and non-DS patients (p = 0.59).

Dividing patients who received a PM according to the 
presence (20, 9.9%) or absence of DS (18, 5.6%), gender, age 
at first surgery, age at PM implantation, and type of AVSD 
were not significantly different (Table 2).

Moreover, no significant differences were found in early 
or late AVB occurrence in non-DS category, requiring 
PM implantation. Conversely, a significant difference was 
recorded in late vs early AVB occurrence among DS patients 
(p = 0.02).

No significant differences were found in the incidence of 
late SND, requiring PM implantation, when comparing DS 
versus non-DS patients, but only during long-term follow-
up, in timing of onset after surgical correction.

Whereas a significant difference was observed in timing 
of SND onset after surgical correction, which occurred later 
in DS patients (median 15 [IQR 8.5–17.5] years; the latest 
at 19 years) than in non-DS patients (median 4 [IQR 2–11] 
years; the latest at 13 years) (p = 0.019).

At Kaplan–Meier survival analysis, the presence of DS 
was significantly associated with late onset of both brad-
yarrhythmic disorders requiring PM implantation (DS vs. 
non-DS patients: median 5 [IQR 0.6–15] years vs. median 
4 [IQR 2.5–8.5] years) (log-rank test: p = 0.024) (Fig. 2b).

Furthermore, at Cox regression analysis adjusted for 
other possible confounding variables, such as age and type 
of AVSD, DS was found to be an independent predictor of 
PM implantation in the overall population (HR 2.17 [IQR 
1.12–4.46], p = 0.029).

Discussion

So far, this is one of the longest follow-up studies that inves-
tigated the occurrence of bradyarrhythmias requiring PM 
implantation in a large single-center cohort of children who 
had undergone surgical repair of both complete and partial 
AVSD between 1982 and 2016. Despite the improvement 
of surgical techniques over the past decades, AVSD repair 
is still associated with a high incidence of postoperative 
arrhythmias [27]. Our PM implantation rate (7.3%) was 
higher compared with previous data [26, 28, 29], probably 
because all types of AVSD were considered in our cohort. 
The children who needed PM for early AVB represented 
2.6% of the whole population, a proportion similar to that 
reported by St. Louis et al. [28] in a multicenter data analysis 
of only complete AVSD operated in the recent era. However, 
AVB may also occur late from a few months to as late as 
more than 30 years after the initial surgical repair, with a 
highly variable incidence ranging from 0.1 to 4.5% [8, 12, 
22, 29]. Importantly, different from other large cohort stud-
ies with long-term follow-up after repair surgery, our popu-
lation was composed exclusively of patients with complete 

Table 1  Characteristics of patients with partial and complete AVSD 
undergoing PM implantation

Values are expressed as number (%) or mean ± SD
AVB atrioventricular block, AVSD atrioventricular septal defect, SND 
sinus node dysfunction, PM pacemaker
a Chi-square test
b Independent t test

Partial 
AVSD 
(n = 17)

Complete 
AVSD 
(n = 21)

p

Male gender 10 (59) 9 (43) 0.32a

Age at first surgery (years) 4.1 ± 7.9 2.7 ± 3.9 0.5b

Down syndrome 7 (41) 13 (62) 0.2a

Age at PM implantation (years) 7.0 ± 8.6 8.9 ± 8.3 0.5b

Early AVB 7 (41) 7 (33) 0.62a

Late AVB 8 (47) 4 (19) 0.06a

Late SND 1 (6) 9 (43) 0.01a

Timing of AVB onset (years) 4.3 ± 3.5 6.6 ± 7.2 0.45b

Timing of SND onset (years) 2 ± 0 10.6 ± 6 0.22b

Mortality 2 (12) 2 (9.5) 0.55a
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or partial AVSD and we found an overall incidence of 2.2% 
late AVB.

Early occurrence of postoperative AVB may be a conse-
quence of surgical procedures near the atrioventricular node, 
whereas late onset of AVB has been postulated as a result of 

progressive fibrosis in the surgical site near the atrioventric-
ular node with slow sclerosis extending over the fragile con-
duction pathway [8]. In our population, occurrence of early 
or late AVB not significantly differed between partial and 
complete AVSD, not affecting their postoperative follow-up. 

Fig. 2  Temporal trends in the 
incidence of postoperative 
bradyarrhythmias according to 
the year of intervention, mostly 
grouped in 4-year intervals. 
a AVB atrioventricular block, 
SND sinus node dysfunction; 
b Kaplan–Meier event-free 
survival curves for patients with 
late-onset bradyarrhythmias 
requiring pacemaker implan-
tation. DS Down syndrome 
patients, not-DS non-syndromic 
patients
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This could be probably explained by the fact that the surgery 
risk of AVB is correlated to the posterior displacement of 
the conduction system, located close to the coronary sinus, 
which can be observed both in partial and complete AVB.

In our study, the development of late SND (2.1%) and 
its significant association with complete AVSD, rather than 
with partial AVSD (Table 1), could be explained by the more 
complex surgical techniques used and the longer procedural 
operative time [24].

Notably, in our experience, the incidence of postoperative 
bradyarrhythmic complications has decreased since 1994, 
with a more marked reduction in SND onset. Thus, the pres-
ence of a learning curve in performing AVSD operations, 
the development of advanced surgical instruments and, as 
recently shown by Murray et al. [30], reduced extracardiac 
circulation times may account for the decreasing annual rates 
of PM implantation (Fig. 2a), as also reported in other popu-
lations after 1993 [29]. Nonetheless, we observed a slight, 
progressive increase in the incidence of late AVB, which 
could be related to earlier surgical repairs and to a concomi-
tant increase in AVSD repairs over time (Fig. 2a).

Interestingly, in our study, no proportional difference 
between the presence of DS or age at first operation was 
found in patients who required PM implantation, as shown 
by St. Louis et al. [28]. In particular, we did not find any 
difference in neither early nor late development of AVB 
between DS and non-DS patients, in contrast with literature 
data, although in the vast population of Tucker et al. the 
risk of AVB was analyzed only after isolated perimembra-
nous ventricular septal defect surgery and was significantly 

associated with a lower age at surgical repair [26, 29]. 
Conversely, a higher incidence of late vs early AVB was 
observed in patients with DS after surgical repair of AVSD 
(p = 0.02), similarly to what reported by Banks et al. [12]. In 
addition, DS patients underwent PM implantation later than 
non-DS patients (p = 0.024, Fig. 2b). Of note, the impact 
of DS on the need for PM placement could be probably 
related to less detectable clinical symptoms or surgical bet-
ter outcomes of these patients compared with non-syndromic 
subjects [15]. The role of DS in determining long-term out-
comes of patients with prior AVSD surgical repair is still a 
controversial issue. Children with DS have been described at 
increased risk for perioperative and long-term mortality and 
have a predisposition to postoperative complications [31]. 
Nonetheless, previous studies suggested improved outcomes 
for patients with DS undergoing AVSD surgery [14, 15]. 
Other studies reported no significant differences in 30-day 
mortality and 20-year survival between patients with and 
without DS [13, 14]. At our Cox regression analysis adjusted 
for age and type of AVSD, DS was a predictive factor for 
PM implantation probably because, “the AV node remains 
in dorsal position close to the coronary sinus ostium with a 
long non branching bundle that runs through of the AV node 
and ventricular conduction system in AVSD and DS differs 
from normal development, which can be a causative factor 
in the development of AV conduction disturbances” [32].

Thus, although the risk of late development of bradyar-
rhythmias has decreased over time, it remains a significant 
cause of morbidity and of increased costs due to the need 
for PM implantation [5], suggesting that a close follow-up 
is advisable for patients undergoing surgical repair of both 
partial and complete AVSD.

Limitations of the Study

The observational nature of this study is the main limitation. 
Another important limitation is that the surgical techniques 
used in all patients were not examined in detail and, consid-
ering the long follow-up, these could have evolved over time.

In addition, our large population consists of both partial 
and complete AVSD.

Finally, we could not ascertain whether the late onset of 
AVB and SND was related to the first cardiac surgery or to 
further cardiac surgeries that were not considered in this 
study.

Conclusion

In conclusion, our experience suggests that about 7% of 
repaired AVSD patients need PM implantation during a 
long-term follow-up. There are no differences in early and 

Table 2  Characteristics of patients with and without Down syndrome 
undergoing PM implantation

Values are expressed as number (%) or mean ± SD
AVB atrioventricular block, AVSD atrioventricular septal defect, DS 
Down syndrome, SND sinus node dysfunction, PM pacemaker
a Chi-square test
b Independent t test

DS (n = 20) Non-DS (n = 18) p

Male gender 10 (50) 9 (50) 1.0a

Age at first surgery (years) 3.2 ± 7.4 3.4 ± 4.2 0.94b

Complete AVSD 13 (65) 8 (44) 0.2a

Partial AVSD 7 (35) 10 (56) 0.2a

Age at PM implantation 
(years)

9.8 ± 9.8 6.1 ± 6.0 0.16b

Early AVB 6 (30) 8 (44) 0.36a

Late AVB 8 (40) 4 (22) 0.24a

Late SND 5 (25) 5 (28) 0.85a

Timing of AVB onset (years) 5.6 ± 5.7 4.0 ± 2.4 0.61b

Timing of SND onset (years) 13.4 ± 5.6 6.0 ± 4.8 0.05b

Mortality 1 (5) 3 (17) 0.5a
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late AVB occurrence according to the type of AVSD. Of 
note, there is a higher incidence of late SND in repaired 
complete AVSD, with a later timing onset in patients with 
associated DS. Moreover, DS seems to be an independent 
predictor of PM implantation. So, a close and long-term fol-
low-up may be useful for the early identification of potential 
life-threatening arrhythmias in high-risk patients.
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