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Inappropriate ICD Discharges in Pediatric Patients. Background: Implantable cardioverter
defibrillator (ICD) use is increasing in young patients and is frequently complicated by inappropriate
device discharges (IDs), leading to discomfort, anxiety and, potentially, proarrhythmia. Dual-chamber
(DC) ICDs may decrease IDs by improving rhythm discrimination, but are associated with increased size,
expense, and implant complications. We examined whether the frequency of IDs was the same in dual- and
single-chamber (SC) ICDs in young patients.
Methods: A multicenter review of patients ≤30 years of age with ICDs was performed. Demographic
data and number of appropriate discharges (ADs) and IDs were collected. ADs and IDs were categorized
after review of the episode by the primary electrophysiologist.
Results: Of 168 subjects (SC = 52; female = 76), 41 patients received 139 ADs, while 35 patients received
159 IDs. There were no differences related to gender or primary diagnosis, but patients with SC versus
DC devices were younger (12.3 ± 5.0 years vs 14.9 ± 4.4 years, P < 0.0001) at implant. SC and DC devices
were implanted with the same frequency for primary and secondary prevention. There were no significant
differences in the incidence of IDs or ADs between the patients with SC or DC devices (AD: 12/52 SC vs
29/116 DC, P = 0.79; ID 7/52 SC vs 28/116 DC, P = 0.13).
Conclusion: In this cohort of young patients, DC ICDs did not provide added protection from IDs. Hence,
the added complexity and cost of an atrial lead appear unwarranted if used solely for assistance with rhythm
discrimination in young patients. (J Cardiovasc Electrophysiol, Vol. 20, pp. 287-290, March 2009)
ICD, pediatric, inappropriate shock, rhythm discrimination, congenital heart disease
Introduction
Implantable cardioverter defibrillators (ICDs) have been
shown to reduce mortality in several patient groups.1-3 Use of
ICDs may be complicated by inappropriate device discharges
(IDs). Inappropriate shocks may be due to lead dysfunction,
electromagnetic noise, T-wave oversensing, or misclassification of supraventricular tachycardia (SVT). In the pediatric
population, SVT (including sinus tachycardia) is a common
cause of IDs.4,5 IDs cause pain, anxiety, depression, a decreased quality of life, and even death.6,7
Dual-chamber (DC) ICDs (DDD-ICD) are indicated for
select patients, including those who also require antibradycardia pacing due to sinus node dysfunction, require atrial
antitachycardia therapies, or have AV conduction system
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disease. The DDD-ICD, with its ability to simultaneously
analyze both atrial and ventricular activity, may offer the
advantage of improved arrhythmia detection and discrimination over the single-chamber (SC) device. This is particularly
important in children and young adults with ICDs who have
rapid sinus rates and are more active than older patients with
ICDs. This feature could potentially reduce the incidence of
IDs attributable to the misclassification of sinus tachycardia
or supraventricular tachycardia (SVT) as a ventricular event.
Data regarding protective benefits of DC devices compared with SC devices in adults with ICDs have been conflicting.8-10 The benefit of DDD-ICDs in reducing IDs in
pediatric and young adult patients is yet to be demonstrated.
As DC devices are associated with increased cost, procedure
time, programming complexity, and procedure-related complications,11 it is important to try to evaluate whether there
is an advantage to their use in this population. This retrospective study sought to evaluate if there was an advantage
in using DDD-ICDs versus VVI-ICDs for preventing IDs in
young patients.
Methods
The study was investigator initiated and managed. The
pacemaker and ICD databases of four institutions (Children’s Healthcare of Atlanta/Emory University, University
of Michigan, University of Iowa, and the University of Utah)
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Figure 1. Distribution of ICD device type
by primary diagnosis. CHD = palliated
congenital heart disease; Electrical =
electrical disorder.

were queried for patients ≤30 years of age who had an ICD
implanted between October 1992 and February 2007. Patient
demographics, implant indications, presence of heart disease
(structural or electrical), and device therapies were recorded.
The patients who experienced device activity were reviewed.
The ICD diagnostic data were reviewed by the primary electrophysiologist to determine if the delivered therapy was appropriate or inappropriate. An ID was defined as a delivered
ICD therapy for any reason other than detected and confirmed
ventricular tachycardia (VT) or ventricular fibrillation (VF).
Statistical Analysis
The frequencies of ADs and IDs were compared using
a chi-square analysis. Continuous variables were expressed
as means plus or minus the standard deviation. The means
were compared using Student’s t-test analysis. A P value
<0.05 was considered statistically significant for individual
comparisons.
Results
A total of 168 patients satisfied the inclusion criteria and
had at least 1 year of follow-up. Of these, 54% (n = 92)
were male. There were 44 patients with palliated congenital heart disease (D-transposition of the great arteries [DTGA] n = 11, tetralogy of Fallot [TOF] n = 15, other n =
18), 51 with cardiomyopathies (hypertrophic cardiomyopathy [HCM] n = 36, arrhythmogenic right ventricular dysplasia [ARVD] n = 3, other n = 12), and 72 with primary
electrical disease (long QT syndrome [LQTS] n = 49, catecholaminergic polymorphic ventricular tachycardia [CPVT]
n = 4, Brugada syndrome n = 2, other n = 17). (See Fig. 1.)
Of the 168 patients, 116 had DC ICDs implanted, with the
remaining 52 patients receiving an SC device. The patients
with SC devices were younger (12.29 ± 5.04 years vs 14.93 ±
4.35 years, P = 0.0001) and smaller (47.2 ± 23.8 kg vs 57.5 ±
21.5 kg, P = 0.0025) at the time of initial device implantation.
The mean follow-up time for patients with DC devices was
3.43 ± 2.83 years versus 3.1 ± 3.33 years for patients with
SC devices (P = 0.5).
For 78 patients in whom the devices were placed for primary prevention, 42% received a DC device, whereas 52%
of the 90 patients who had devices placed for secondary
prevention received a DC ICD. There was no significant difference in the distribution of device types by primary versus
secondary implantation indication (P = 0.68)
In the study cohort, 41 patients experienced a total of
139 ADs. Of these, 111 ADs occurred in 29 patients in the
DC cohort (24.4% of the total DC population). The remaining 28 ADs occurred in 12 (23.1%) patients with SC devices. There was no statistically significant difference in the

incidence of ADs between patients with single- versus dualchamber devices (P = 0.788).
There were 159 IDs recorded during the same period in
35 patients. Of these IDs, 119 occurred in 28 (23.5%) patients
with DC devices and 40 IDs occurred in 7 (13.5%) patients
of the SC cohort. There was no significant difference in the
incidence of IDs between patients with single- versus dualchamber devices (P = 0.12).
The study patients were divided into three broad primary
diagnostic categories: congenital heart disease (CHD), electrical disorders, and myopathies. We then examined the incidence of patients experiencing at least one ID by diagnostic
group. Of patients with a DC device and CHD, 33% experienced at least one ID versus 37.5% of patients with an SC
device and CHD (P = 0.83). In the subgroup with electrical
disorders, 11% of the DC group experienced an ID compared to 16% of those with an SC device (P = 1.1). For the
33 patients with cardiomyopathies and DC device, 32% experienced an ID, while none of the 18 patients with an SC
device had an ID (P = 0.004). (See Fig. 2.)
Of the patients with a DC device implanted for primary
prevention, 26% experienced an ID compared to 11% of
those with an SC device. For those implanted for secondary
prevention, 22% of patients with a DC device and 16% of
patients with an SC device received IDs. There was no statistically significant difference in the incidence of patients
with dual- versus single-chamber devices experiencing IDs
when compared by primary or secondary prevention implant
indications (P = 0.15 and 0.57, respectively).
During the study period, no patient had a DC device explanted in favor of an SC device. There were, however, 3 patients who had an SC device exchanged for a DC device. In
those 3 patients, 2 of the 3 experienced a total of four IDs.

Figure 2. Proportion of patients experiencing inappropriate discharges by
primary diagnosis. CHD = palliated congenital heart disease; Electrical =
primary electrical disorder; Myopathy = cardiomyopathy; NS = statistically not significant; DC = dual-chamber ICD; SC = single-chamber ICD.
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However, after the device was “upgraded” to a DC device,
all 3 patients experienced IDs (total of 19).

Discussion
Inappropriate ICD discharges are a common adverse event
in patients receiving ICDs. This series was congruent with
other series previously published involving pediatric patients
with nearly 20% of all patients experiencing at least one
ID. In total, there were more IDs delivered than ADs (159
vs 135). While it is reasonable and perhaps even desirable
to sacrifice some specificity for maximal sensitivity when
treating potentially life-threatening arrhythmias, all efforts
should be made to limit the risk of IDs. The ICD manufacturers have created algorithms to try and discriminate
potentially dangerous ventricular arrhythmias from benign
tachycardias and biological noise. These have included an
analysis of sudden rate changes, rate stability during tachycardia, changes in electrogram morphology, and relationship
of atrial and ventricular activity in DDD-ICDs. The ability
to include atrial activity in the discrimination of VT from
SVT has been thought to be particularly important for young
patients, as sinus tachycardia could be misconstrued as VT
based purely on rate criteria. The results of this study suggest that the atrial lead does not appear to be beneficial in
preventing IDs, and, in fact, patients with a cardiomyopathy and DDD-ICD were more likely to receive an ID than
patients with a cardiomyopathy and VVI-ICD. This finding
has significant implications for planning device implants in
patients in whom an atrial lead may be a burden based on
their size and the anticipated need for multiple lead changes
during their lifetime.
The delivery of IDs has profound adverse psychological
effects. Depression and anxiety in patients simply receiving
an ICD is common,12 and these sequelae may be accentuated in the aftermath of an ID.13 Though adults may tolerate
IDs because they accept the device as life saving,14 this rationale may be difficult for a child and the family to accept,
particularly one whose disease has not yet caused symptoms.
The DDD-ICD, with both atrial and ventricular sensing capabilities, theoretically improves the discrimination
of atrial from ventricular tachyarrhythmia. This intuitively
should result in a decrease in IDs. The Detect SVT Trial,
a multicenter, randomized trial of 400 adults compared the
ability of the DDD versus the SC device to appropriately
discriminate SVT from VT.8 In this study, the likelihood of
inappropriate classifications of SVT as VT was significantly
decreased with DDD devices. As a result, IDs were reduced.
The benefit of the DDD device in the reduction of IDs has
been supported by other trials.15,16
Other studies have not shown an advantage of DDD devices over VVI devices in the reduction of IDs.9,10 Recent
addition of and improvement in ventricular electrogram morphology recognition algorithms in SC devices has further
improved the ability of VVI ICDs to discriminate between
SVT and VT and have been demonstrated to significantly
reduce the incidence of IDs.17 We found no increased incidence of IDs in patients with SC devices over those with
DC devices. Interestingly, there was a trend toward an increased incidence of patients with DC devices experiencing
IDs (23.5% of DDD patients vs 13% of VVI patients). In this
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group of young patients, DDD devices did not provide added
protection from IDs compared to SC devices.
This study identified young patients with cardiomyopathy and DDD-ICDs to be a group particularly vulnerable
to IDs. Of these patients, 32% experienced at least one ID.
In contrast, there were no patients with a cardiomyopathy
and VVI-ICD who experienced an ID. Our investigation did
not offer clues as to the cause for the increased IDs in the
myopathy/DDD-ICD group. While this difference was recognized in the myopathy group, there was no difference in
the proportion of patients with electrical disorders and CHD
experiencing IDs when classified by device type.
Limitations
A possible explanation for the difference in IDs could
be based upon the device detection algorithm or the tachyarrhythmia detection limits. Due to the large number of devices (within and between device manufacturers) implanted
over the years, we were unable to determine if any specific
detection algorithm for either VVI-ICD or DDD-ICD device
was more efficacious. The implanted devices were primarily manufactured by the Guidant corporation (Natick, MA,
USA) (VVI-ICD = 20, DDD-ICD = 54) or Medtronic (Minneapolis, MN, USA) (VVI-ICD = 31, DDD-ICD = 62), with
one St. Jude device (St. Paul, MN, USA). The devices were
equally divided among the different diagnoses, which should
remove any bias regarding specific devices being more prone
to IDs in a particular diagnostic category. Of 93 patients with
Medtronic devices, 17 experienced IDs, while 18 of 74 patients with Guidant devices had IDs (P = 0.34). It is also
possible that the primary cardiologists presumed that DC
devices were better at discriminating SVT from VT, and
therefore programmed the tachycardia detection threshold to
a lower rate for DDD-ICD devices (conversely programmed
the tachyarrhythmia detection rate higher for VVI-ICD devices), increasing the probability of an ID in the DDD-ICD
group. However, most of the devices were programmed by
pediatric electrophysiologists who tend to set VT detection
rates at 220 beats/minute (bpm). The programmed detection
rates were not included in this analysis, and this may be an
area of future investigation. Additionally, data regarding the
pacing mode and whether the atrial lead were used for sensing was not included in the data collection. As this study
was retrospective in nature, not all of the raw tracings were
available for review. In many patients, the appropriate versus
inappropriate distinction was made by searching clinic notes

TABLE 1
Etiology of Inappropriate Discharges

No. of patients with ID
No. of patients ID cause known
Causes of ID
Lead fracture
Lead noise
Atrial tachycardia
Sinus tachycardia
Device malfunction
T-wave oversensing

Single Chamber

Dual Chamber

7
3

28
11

No. of patients (No. of IDs)
1 (4)
1 (6)
1 (1)
1 (6)
1 (1)
5 (18)
0
2 (2)
0
1 (1)
0
1 (1)
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from the primary electrophysiologist. When the etiology of
the ID was available, it was tabulated and is presented in
Table 1.

7.

Conclusion
8.

In this nonrandomized, retrospective study of young patients with ICDs implanted for both primary and secondary
prevention, DDD-ICDs did not provide additional protection
from IDs compared to VVI-ICDs. Continued improvements
in detection algorithms are likely to further reduce the incidence of IDs occurring with SC devices. Based on these
results, a significant consideration should be given to using
a VVI-ICD rather than a DDD-ICD if there is no indication
for bradycardia pacing.
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