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ABSTRACT

Background: Sudden cardiac death is a leading cause of death in patients with congenital heart disease (CHD).
Risk stratification for implantable cardioverter defibrillators (ICD) remains difficult due to limited data about use
and outcome of device therapy in CHD patients in larger community-based cohorts. Methods and results: Out of
a dataset with more than 50,000 patients registered at the German National Register for Congenital Heart Defects,
109 patients (median age 35.5; IQR 23.75-46.00), 68 (62%) male) with an ICD were identified and were retro-
spectively analyzed. Although the number of implantations increased steadily throughout the investigated time
interval from 2001 to 2015, only 0.2% of the CHD patients in the national register received an ICD. Indication
for ICD implantation was secondary prevention in 84 patients (78%) and primary prevention in 24 patients
(22%). 23 patients (21%) of the ICD patients received appropriate ICD therapy. 7 patients (6%) received an inap-
propriate ICD therapy. In 23 patients (21%) device complications were documented with a high number of lead
fractures and insulation defects (n = 14, 13%). Conclusion: The current study investigates the clinical uptake and
use of ICD therapy based on a large national registry for CHD patients. Despite a steady increase in the number of
implanted devices, ICD uptake remains relatively low, particularly for primary prevention. The data suggests a
potential reluctance in utilization of device therapy in this patient cohort for primary prevention. Selecting
patients in whom benefits outweigh the risks associated with lifelong ICD therapy remains challenging.
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1 Introduction

Globally, there is a steady increase in the prevalence of patients with congenital heart disease (CHD) [1].
More than 90% of children with CHD survive into adulthood in Western countries [2]. The higher life
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expectancy leads to an increased cumulative risk for complications such as arrhythmia. Malignant ventricular
arrhythmias and sudden cardiac death (SCD) represent one of the major causes of death in CHD patients
accounting for up to 25% of deaths in this cohort [3,4]. In a representative study on patients with repaired
Tetralogy of Fallot (ToF) prevalence of ventricular arrhythmia has been reported to be as high as 14.2%
[5]. Risk for SCD increases with complexity of disease [4].

As the cohort of CHD patients is heterogeneous, identifying uniform risk markers for primary
prevention of SCD remains a challenge. Current guidelines uniformly recommend ICD implantation in
primary prevention based on data extrapolated from patients without congenital heart disease [6—8].
Guidance for risk stratification exists for selected defects and focuses mainly on patients with repaired
ToF [9]. Whether and how the identified ToF risk factors/scores can be applied to other congenital heart
defects remains a matter of discussion. Despite the perceived benefits of primary prevention, the relevant
rate of device-related long-term complications [10] has to be carefully considered when weighing risks
and benefits of ICD treatment, particularly as younger age has been identified as an independent risk
factor for complications. It is current consensus, that, although the risk score introduced for patients with
the most common defect, the ToF, by Khairy et al. [9] facilitates identification of high-risk patients, the
actual ICD indication has to be made on the basis of individual clinical judgment [11]. While various
small retrospective analyses mainly based on single-center data have been published, the uptake and
indications for ICD therapy remain unclear. Currently, there are aims to gather prospective data in a
single center setting to implement a uniform risk score for patients with CHD [12].

The aim of our retrospective analysis is to identify indications for ICD implantation, incidence and type
of related complications and appropriate therapies as a surrogate for benefit from ICD therapy in a nationwide
dataset from the German National Register for Congenital Heart Defects (NRCHD).

2 Methods

The dataset of the NRCHD has been described in detail previously and has been proven to be
comparable to the general prevalence of CHD in Germany with a slight overrepresentation of complex
defects [13]. The dataset includes demographic and comprehensive medical data of more than
50,000 patients with CHD or acquired pediatric heart disease such as valvular heart disease. All patients
in the NRCHD were systematically screened to identify individuals who received an ICD. Identification
of ICD patients was based on the International Pediatric and Congenital Cardiac Code published by the
International Society for Nomenclature of Pediatric and Congenital Heart Disease (http:/www.ipccc.net)
codes for ICD (12.42.31, 12.42.33, 12.42.35, 12.42.39, 12.42.61, 12.42.64 or 12.42.65) [14]). When
electronically identified as ICD recipient, data were examined manually, and all pertinent demographic
and clinical details were collected. Complexity of CHD was classified according to the 32" Bethesda
conference classification [15]. We analyzed the selected patients concerning patient demographics, type of
congenital defect as well as repair, associated conditions, indication for ICD and heart failure medication.
The patients provided written informed consent for inclusion in the National Register.

2.1 Statistical Analysis

The descriptive analysis is presented as medians with interquartile ranges (IQR; 25™ and 75™ percentile).
Standard methods of descriptive statistics were used. Comparisons between groups were performed using
Chi-square test. Statistical analysis was performed with MedCalc 10.1.2.0 (MedCalc Software,
Mariakerke, Belgium) and GraphPad Prism 7.0 software. For all analyses, a two-tailed probability value
P < 0.05 was considered as statistically significant.

2.2 Results
Between 2001 and 2015, more than 50,000 patients were registered in the NRCHD. Of those, ICD
therapy had been implemented in 109 patients (0.2% of the entire cohort). 13 patients were < 18 years of
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age. The median age of ICD patients was 35.5 years (IQR 23.74-46.00) with a slight dominance of male
patients (n = 68; 62%). As displayed in (Tab. 1), the analyzed cohort was heterogeneous with regard to
the baseline characteristics.

Table 1: Baseline characteristics of the analyzed cohort

Median age, years (IOR) 35.5 (23.75-46.99)
Male gender, n 49 (61%)

Median left ventricular function, % (IQR) 60 (45-60)
Median QRS-duration, ms (IQR) 145 (120.0-179.5)
NYHA 1, 7 16 (15%)
Appropriate therapy, n 23 21%)
Inappropriate therapy, n 7 (6%)

Other complications of device therapy, n 23 (15%)

Time to second device operation, years (IQR) 4 (1.75-5.25)

Systemic ventricular systolic function pre-ICD implantation was documented in 61 patients (60%).
Ranges and cutoff values of ventricular systolic function were defined according to current
recommendations [16]. Overall, systolic ventricular function was most often preserved (n = 31; 51%),
mildly reduced in 12 patients (20%), moderately impaired in 10 patients (16%) and severely impaired in
8 patients (13%). The majority pf patients presented with a symptomatic limitation of physical activity
NYHA II-I (n = 55, 72%). Across the spectrum of disease, the median QRS duration was 145 ms (IQR
120.0-179.5) in our study. Heart failure medication was not universally prescribed. Overall, 37 patients
(34%) did not receive any heart failure drug, while 72 patients (66%) had a prescription for at least one
heart failure drug. Only few patients (n = 9, 10%) received antiarrhythmic drug treatment. Amiodarone
was prescribed in 7 of these 9 patients while two patients received sotalol and one patient flecainide.
(Tab. 2) displays the distribution of congenital heart defect according to their complexity.

Table 2: Cohort subdivided with regard to complexity of disease according to the definition of the 32nd Bethesda
conference classification

Simple complexity of disease (n = 23)

Valvular heart disease, n 9 (39%)
Atrial septal defect, n 8 (35%)
Ventricular septal defect, n 6 (26%)
Moderate complexity of disease (n = 39)

Tetralogy of Fallot, n 34 (87%)
Atrioventricular septal defect, n 3 (8%)
Ebstein anomaly, n 2 (5%)
Severe complexity of disease (n = 47)

Transposition of the great arteries, n 19 (40%)
Pulmonary atresia, n 9 (19%)

Complex defects (e.g., univentricular heart), n 19 (40%)
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The most common indication for ICD implantation was secondary prevention (n = 84, 78%). Ventricular
tachycardia was most often the reason for secondary prevention (n = 53 (65%)). In 21 patients (26%), the
indication was ventricular fibrillation. Primary prevention was assumed if the clinical criteria met the
recommendations of current guidelines and no malignant arrhythmia had been documented [6—8]. In
24 patients (22%), indication for ICD implantation was primary prevention. For one patient the available
information was inconclusive. The distribution of primary and secondary prevention subdivided regarding
the underlying congenital heart defect is displayed in (Fig. 1).
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Figure 1: ICD carriers listed depending on underlying congenital heart defect. (ToF = Tetralogy of Fallot,
TGA = Transposition of the great arteries, ASD = Atrial septal defect, VSD = Ventricular septal defect,
CoA = Coarctation of the aorta, AVSD = Atrioventricular septal defect)

Overall, 23 ICD patients in the analyzed cohort (21%) had a simple heart defect. Of these, 4 patients
(17%) had received the ICD for primary prevention. Thirty-nine patients (36%) presented with congenital
heart defect of moderate complexity. Eleven patients (28%) in this cohort had received the ICD for
primary prevention. Forty-seven patients (43%) with an ICD were identified as patients with a defect of
severe complexity and primary prevention was the indication in eight (17%) of these patients. The
relative proportion of patients with primary prevention was highest in patients with moderate disease
complexity, although the difference did not reach statistical significance (p = 0.40). The majority of
patients (n = 39, 36%) received a single chamber ICD, while 35 of patients (32%) underwent
implantation of a dual chamber ICD, and 19 patients (17%) were provided with a device with adjunctive
cardiac resynchronization therapy (CRT). Five patients (5%) received an entirely subcutaneous ICD. In
11 patients (10%), prior pacemaker therapy was documented before upgrading the device for ICD
therapy. The difference in ICD type between the complexity groups was not statistically significant
(p = 0.32). It is displayed in Tab. 3.

Table 3: Comparison between the ICD type (single chamber, dual chamber, biventricular pacing system,
subcutaneus device) with complexity of disease

Single chamber  Dual chamber  Biventricular ~ Subcutaneus
Simple CHD, n 10 (46%) 5 (23%) 7 (32%) 0 (0%)
Moderate complexity of CHD, n 13 (38%) 14 (41%) 6 (18%) 1 (3%)
Complex CHD, n 16 (38%) 16 (38%) 6 (14%) 4 (10%)
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The annual number of device implantation increased gradually throughout the analyzed time interval as
shown in (Fig. 2).
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Figure 2: Number of ICD implantations during the investigated time interval

The median length of follow-up of the patients with CHD that received an ICD was 2.5 years (IQR 1—
7.25). After a median time of 19.5 months (IQR 8-65), 23 patients (21%) experienced appropriate therapy.
Of these, 11 patients (48%) received one ICD therapy, whereas in 12 patients (52%) more than one therapy
had been applied with a cumulative number of 45 delivered shocks. Overall, 7 patients (6%), that were
provided with an ICD experienced inappropriate therapy. The reason was lead dysfunction in two patients
(29%). In 3 patients (43%), an atrial tachycardia was mistakenly diagnosed as a malignant arrhythmia by
the device. In two patients (29%) the reason for inappropriate therapy has not been documented. Of the
group of patients with inappropriate therapy, one patient had received the ICD for primary prevention
(14% of all inappropriate therapies). In the analyzed cohort there was a small number of CHD patients
with simple defects who received appropriate therapy (n = 3, 13%). The distribution of appropriate ICD
therapies depending on complexity of disease and indication is displayed in (Fig. 3).
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Figure 3: Distribution of appropriate ICD therapies depending on complexity of disease and indication
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In 23 patients (15%), a device related complication was documented. The most frequent complication
was lead dysfunction (n = 11, 48%). Infection was documented in 2 patients (9%). Overall, 30 patients
required revision of the ICD system for battery depletion or system-related complications. In these
patients the median time to second operation was 4 years (IQR 1.75-5.25). Mortality in the analyzed
patient cohort was low as displayed in (Fig. 4). Twelve ICD patients died during follow-up at a median
age of 46 years (IQR 38.75-52.75). In none of these patients, however, there was a definitive
documented causal relationship between death and a complication or malfunctioning of the ICD device.
When documented, cause of death was septic shock (n = 3), cancer (n = 1) and incessant VT (n = 1).
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Figure 4: Kaplan-Meyer survival analysis of the analyzed patient cohort (n = 109)

2.3 Discussion

The current study based on a large national register for congenital heart disease shows that ICD therapy
is feasible in selected patients presenting with CHD. Implantation rates increased over the investigated time,
although uptake of ICD therapy was still surprisingly low with only 0.2% of patients receiving an ICD. In the
majority of patients, ICD therapy was implemented for secondary prevention, arguably the setting where
indication of ICD implantation is most strongly supported by current guidelines [6—8]. Only 22% of the
analyzed patients received an ICD for primary prevention. Although speculative, the reason for the
relatively higher use of ICDs for primary prevention in moderate complexity, especially ToF patients is
likely to be the availability of a dedicated risk score, published by Khairy et al. [11]. This scoring system
facilitates decision making in clinical practice and may lead to a lower threshold for ICD implantation as
primary prevention. Overall, the low implantation rate for primary prevention across the spectrum of
disease, however, suggests a general reluctance of ICD therapy due to a lack of evidence-based data.
Only a minority of patients in our study was treated with antiarrhythmic drugs despite the relatively high
reported prevalence of arrhythmias in CHD leading to hospital admission [17]. When deciding for ICD
therapy as primary prevention it is current consensus that ICD therapy is recommended in adults with
CHD and a systemic LVEF < 35%, biventricular physiology and NYHA Functional Class II or III
[6-8,18]. This recommendation is adopted from the conventional criteria for ICD therapy [18]. As seen in
the data from this register, only a small number fulfill the conventional criteria with only 13% of the
patients suffering from severe impairment of systemic ventricular function. Of those, only one patient had
received the ICD for primary prevention. Most patients presented with symptoms of heart failure and
66% received at least one heart failure drug. This illustrates, that life-threatening arrhythmias may appear
before the affected patient meets current guidelines and presents with severe impairment of systemic
ventricular function. Depending on the complexity of the disease, amount of scarring due to one or more
reparative surgeries and altered hemodynamics, the underlying mechanism and risk for occurrence of
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malignant arthythmia may vary [19]. Generally, there are data supporting the assumption that the risk of SCD
increases with complexity of the disease [20]. In our study, patients with complex defect received ICD
therapy more often irrespective of indication. Complex disease includes patients with TGA with a
systemic right ventricle. There is data supporting that patients with systemic right ventricle are
particularly at risk for malignant arrthythmia [21]. The type of ICD that had been implanted was highly
variable throughout the groups of complexity of CHD. The relatively high number of dual-chamber ICDs
or biventricular pacing systems suggests that, in addition to prevention of SCD, often there may have
been a necessity for concomitant pacing therapy. In the analyzed cohort, 11 patients (10%) were provided
with a pacemaker before receiving an upgrade for ICD therapy presumably owed to the high rate of
conduction disturbances compared to patients without CHD [6]. Other data based on the NRCHD suggest
that the general uptake of resynchronization therapy, however, is low in patients with CHD [22]. In our
study, there is a low number of patients with subcutaneous devices. In general, an entirely subcutaneous
device appears to be an attractive alternative, particularly in patients without the necessity for pacemaker
therapy. In small single- center studies, it has been shown to be a safe and feasible treatment option in
patients with CHD [23,24]. The perceived advantages of an entirely subcutaneous device are the reduced
risk for endocarditis due to no intracardial lead placement as well as uncomplicated access in case of
reoperation. Despite this, in our study, there were only 5% patients provided with a subcutaneous device.
Possible reasons may be that ICD therapy had been implemented before subcutaneous devices became
widely available on the German market (the first subcutancous ICD was implanted in Germany in
2010 [23]) and that patients may need adjunctive pacing therapy. In addition, conventional therapy with
transvenous or epimyocardial leads offers the possibility of overdrive stimulation of monomorphic
ventricular tachycardias that are particularly common in patients with repaired ToF [5,25]. In total, 15%
of the analyzed cohort experienced a device-related complication during follow-up. 7 patients experienced
inappropriate therapy, whereas the majority was caused by fault detection of atrial tachycardia. It has
been shown in other cohorts, that inappropriate therapy is associated with a significantly high mortality
stressing the importance to avoid occurrence of these incidents [26]. Other studies show a generally
higher complication rate of device therapy in CHD patients compared to other patient cohorts [6]. One
possible explanation may be, that there is an additional strain on the leads compared to older, more
immobile conventional heart failure patients. The time to reoperation was approximately 4 years. In the
analyzed patient group device therapy had been initiated at a mean age of 38 years. Thus, these patients
will presumably need many reoperations with the associated risks. This emphasizes the importance of
careful risk stratification and choice of the device type.

2.4 Limitations

This is a study based on the German National Register for Congenital Heart Defects. Despite the size of
the Register, only 109 patients with an ICD device could be identified, thus limiting the statistical power of
analyses. This was a descriptive retrospective study aimed at providing mainly descriptive data rather than
establishing risk tools and indications for ICD implantation in CHD patients. In addition, the heterogeneity of
the patients included in terms of age and anatomy limits the generalisability of our results.

2.5 Conclusion

Although device therapy is implemented increasingly in patients with congenital heart disease, there still
appears to be reluctance to initiate ICD therapy for primary prevention most likely due to uncertainty about
reliable and uniform risk factors. Patients presenting with congenital heart disease pose a specific therapeutic
dilemma as they are particularly prone to life-threatening arrhythmia but implantable cardioverter
defibrillator therapy in these young patients is associated with a high complication rate need for
reoperations and considerable impact on physical and psychological well-being. The results of this study,
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thus, highlight the need for more prospective data, better risk stratification tools and improvement in device
technology to optimize ICD therapy for patients with congenital heart disease.
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