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1 | INTRODUCTION

Yakup Ergul MD?

Abstract

Background: We aimed to evaluate rhythm abnormalities in cases of congenitally corrected
transposition of the great arteries (ccTGA) and associated treatment strategies.

Patients and Methods: This retrospective cohort study included 65 pediatric patients with ccTGA
who were admitted to the clinic between 2009 and 2017. The patients were divided into two
groups, and surgical data, Holter electrocardiographic (ECG) recordings, ECG recordings, electro-

physiological data, and device implantation data on the two groups were compared.

Results: Group | (n = 53, 82%) consisted of patients with significant associated lesions, and Group
Il (n=12, 18%) consisted of those with minor or no associated lesions (isolated ccTGA). Rhythm
abnormalities were diagnosed in 22 (34%) of the patients based on initial ECG findings and Holter
ECG recordings. Eleven (17%) of these patients had atrioventricular (AV) block of different degrees,
and the other 11 (17%) had supraventricular arrhythmia (SVA). The median follow-up was 49
months (range, 9-89 months), and the rhythm remained normal in 26 (42%) of the patients. Three
patients died on follow-up. Of 40 patients with normal initial findings, nine required pacemaker
implantation due to complete heart block, and SVA developed in seven patients on follow-up. No
ventricular tachycardia was seen initially or on follow-up. Ablation was performed in four patients.
During the follow-up period, pacemakers were implanted in 12 (23%) of patients in Group | and 4
(33%) of patients in Group Il due to complete heart block. Cardiac resynchronization therapy (CRT)
was performed in four patients due to systemic ventricular dysfunction. Notably, all four of these
patients had a pacemaker implanted postoperatively.
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progressive deterioration of the condition was common.®” The

presence and severity of associated lesions in ccTGA and conduction

Congenitally corrected transposition of the great arteries (ccTGA)
is a rare pathology, which accounts for less than 1-1.4% of all con-
genital heart defects.’™* Although frequently associated with other
cardiac defects, such as ventricular septal defects (VSDs), pulmonary
stenosis (PS), and anomalies of the tricuspid valve, it can occur in
isolation,® Previous studies revealed that spontaneous complete

heart block was present from birth in around 4% of patients and that

disturbances alter the timing of the clinical presentation of the
disease.”

There are a limited number of studies of rhythm disturbances and
their management in children with ccTGA.>® The aim of the present
study was to investigate rhythm and conduction disturbances in a
relatively large group of pediatric ccTGA patients from a single center

and associated treatment strategies.
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2 | PATIENTS AND METHODS

Since arrhythmia may develop over time, all ccTGA patients who
attended our arrhythmia clinic between November 2009 and February
2017 were routinely followed up, irrespective of whether they had
arrhythmia at the time of admission. In this retrospective cohort study,
data on 65 pediatric ccTGA patients were recorded.

The diagnosis of ccTGA was done by transthoracic echocardiogra-
phy. Regarding anatomical arrangements, ccTGA was characterized by
situs solitus, with L-looped ventricles and an anterior leftward aorta
(S,L,L) or situs inversus, with D-looped ventricles and an anterior right-
ward aorta (I,D,D). There were 58 patients in the S,L.L group (89% of
patients) and 7 patients in the 1,D,D group (11% of patients). The
patients were divided into two groups. Group | was composed of
patients with significant associated lesions and included patients with
any of the following lesions: a large ventricular septal defect (VSD),
moderate or severe pulmonary stenosis (PS), pulmonary atresia (PA),
moderate or severe tricuspid regurgitation, or an Ebstein-like anomaly
of the tricuspid valve. Group Il (isolated ccTGA) consisted of patients
with minor or no associated lesions. There were multiple pathologies in
some patients. Ten patients had mild systemic AV valve regurgitation,
two patients had mild pulmonary stenosis, and three patients had
small VSD.

The demographic data, 12-lead electrocardiography (ECG) data,
and Holter ECG recordings were examined. The ECG and Holter ECG
recordings of nonoperated patients who were followed up every 6
months were evaluated, as well as readings obtained in the postopera-
tive 1st week, 1st month, 3rd month, 6th month, and every 6 months
of follow-up in the operated patients. The recordings were classified as
normal sinus rhythm, conduction abnormalities (first-degree atrioven-
tricular block [AVB], 2:1 AVB, or complete AVB), supraventricular
arrhythmias (Wolff-Parkinson-White [WPW] syndrome, ectopic atrial
rhythm [EAR], premature atrial beats, or focal atrial tachycardia [FAT]),
and ventricular arrhythmias. All surgical-related information, ablations,
pacemaker insertions, cardiac resynchronization therapy (CRT) data,

and mortality during follow-up were recorded.

2.1 | Statistical analysis

Statistical analyses were performed using SPSS version 15.0 for
Windows (SPSS Inc., Chicago, lllinois). The Mann-Whitney U test was
used to compare the mean values of the two groups, and a chi-square
and Fisher's exact test were used to compare the findings between the

groups. A P value of <.05 was considered statistically significant.

3 | RESULTS

3.1 | Patient characteristics

In total, 65 patients who were followed up at regular intervals at our
arrhythmia clinic and had initial Holter ECG recordings and 12-lead
ECG recordings were included in the study. Fifty-three of the 65

(81.5%) patients had significant associated lesions (Group 1), and the

@dﬁ Congenital Heart Discase WILE YJﬂ

remaining 12 (18.5%) patients had isolated ccTGA (Group Il). Of the
65 patients, 40 (61%) were males. The median age at admission to the
arrhythmia clinic was 30 months (range, 3 days to 16.5 years).
The median body weight was 13 kg (range, 3-78 kg). Six (9%) of the
patients had a univentricular physiology. The atrial situs was solitus in
58 (89%) patients and inversus in 7 (11%) patients (Table 1).

3.2 | Findings of initial ECG and Holter ECG
recordings

In the initial ECG and Holter ECG recordings, the cardiac rhythms were
normal sinus rhythm in 43 (66%) patients. Thirty-seven (72%) patients
in Group | and 6 (50%) patients in Group Il had a normal sinus rhythm,
with no findings of arrhythmia. The number of patients without
arrhythmia was significantly higher in Group | (P < .05).

Rhythm and conduction abnormalities were detected in 22 of the
65 (34%) patients in the initial ECG evaluation and/or Holter ECG
recordings. Eleven of these 22 patients had conduction anomalies:
first-degree AVB (n = 1), second-degree AVB (Mobitz type | AV block,
n = 1), and complete AVB (n = 9). The incidence of conduction anoma-
lies was significantly higher in Group | (n=6) than Group Il (n=15)
(P <.05).

The initial ECG and Holter ECG recordings revealed supraventricu-
lar arrhythmias in 10 (19%) patients in Group | and 1 (8%) patient in
Group Il. Of these 11 patients, nine had a normal sinus rhythm on the
initial ECGs but supraventricular arrhythmias according to the Holter
ECG recordings. Among these 11 patients, the diagnoses were as fol-
lows: WPW syndrome (n = 2), EAR (n = 6), FAT (n = 1), and premature
atrial beats (n = 2). Although the incidence of supraventricular arrhyth-
mias was higher in Group | than Group I, the difference did not reach
statistical significance (P >.05). No ventricular arrhythmia was detected

in the initial evaluation in either group.

3.3 | Angiographic data and surgical procedures

Thirty of the 65 patients underwent diagnostic or interventional cardiac
catheterization. Complete AVB developed in one patient after cardiac
catheterization during the preoperative period before bidirectional
cavopulmonary anastomosis surgery was performed.

Surgery was performed in 29 (44%) of the 65 patients, all of whom
belonged to Group | (55% of Group | patients). Physiologic repair
involves correction of only the associated cardiac defects, leaving the
morphologic right ventricle as the systemic ventricle. Anatomic repair
consists of redirection of blood flow at the atrial level with a Senning
or Mustard procedure, combined with either an arterial switch or a
Rastelli procedure in order to place the morphologic left ventricle in
the systemic position. Twenty-two of the 29 had surgery for biventric-
ular circulation. Of these patients, physiological correction was per-
formed in nine patients, anatomical correction was performed in three
patients, and pulmonary artery banding was performed in nine patients.
In two out of the three patients undergoing anatomic repair, the
Senning procedure was combined with Rastelli; in the remaining

patient, the Senning procedure was combined with an arterial switch
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TABLE 1 The demographic variables and echocardiographic find-
ings of the patients with ccTGA

n=65
Age, median (range)
Group | 12 months
(3 days-16 years)
Group Il 5.5 years

(3 months-16.5 years)

Body weight, kg, median (range)

Group | 12 (3-78)
Group Il 25 (6-60)
Gender
Male 40 (61%)
Female 25 (39%)
Situs
Solitus 58 (89%)
Inversus 7 (11%)
Cardiax apex
Levocardia 49 (65%)
Mezocardia 6 (9%)
Dextrocardia 10 (15%)
Type of cardiac physiology
Single 6 (9%)
Biventricular 59 (91%)
Significant associated lesions
Yes 53 (82%)
No 12 (18%)
Type of associated lesions
Ventricular septal defect (large) 42 (64%)
Pulmonary stenosis (moderate or 28 (43%)
severe)
Pulmonary atresia 3 (5%)
Ebstein-like anomaly of the 10 (15%)
tricuspid valve
Tricuspid regurgitation (moderate 17 (26%)
or severe)
Initial ECG findings
Normal 52 (80%)
Rhythm abnormalities 13 (20%)
Initial Holter findings
Normal 43 (66%)
Rhythm abnormalities 22 (34%)

procedure. A double switch operation was performed in one patient
with a former Blalock-Taussig shunt. In the remaining seven patients,
univentricular surgery was performed using the bidirectional cavopul-
monary anastomosis procedure. In one patient, univentricular physiol-
ogy was planned to be corrected using the hemi-Mustard-Rastelli
procedure, whereas the others were planned to be directed to the
Fontan procedure. A permanent pacemaker was implanted in 8 (28%)
of the patients due to postoperative complete AVB. In all patients with
permanent pacemaker implantation, complete AVB continued to persist
in the last follow-up. In these eight patients, the surgical procedures

were Senning-Rastelli in one patient, Senning-Jatene in one patient,

VSD closure in four patients, and VSD closure and left ventricle-
pulmonary artery conduit placement in two patients.

3.4 | Follow-up

The median follow-up was 49 months (range, 9-89 months). The
duration of follow-up was similar in both groups. Three (5%) patients
died, all of whom belonged to Group I: a 14-year-old patient with PA
who had previously undergone a Senning-Rastelli procedure died after
conduit replacement in the early postoperative period due to the low
cardiac output; a 5-month-old patient who had undergone VSD closure
and arch reconstruction and developed complete postoperative AVB
died in the early postoperative period; and a 6-month-old patient with
a large VSD and severe pulmonary stenosis died unexpectedly preoper-
atively. Rhythm and conduction were normal in 26 (42%) of the 62
surviving patients throughout their follow-up.

Among 22 patients with initial pathological Holter ECG and/or
ECG evaluations, 11 had conduction abnormalities. Two of these
patients had first-degree and second-degree AVB on the initial Holter
ECG recordings and did not show any progression during follow-up
evaluations. Seven had complete AVB and had a pacemaker implanted.
Another two patients with complete AVB are still being followed up
without pacemaker implantation.

Apart from the three patients who died during the follow-up
period, of 40 patients with normal initial evaluations, nine patients
developed complete AVB and had a pacemaker implanted on follow-
up. Pacemaker implantations were performed in eight patients postop-
eratively and in one patient after a cardiac catheterization procedure.
Among 9 patients with pacemaker implantation the median follow-up
duration was 30 months (range, 9-72 months)

The following changes were detected in patients who had initial
rhythm abnormalities: Of six patients with EAR, second-degree AVB
developed in one patient, and no change was seen in the remaining
five patients. Ablations were performed in two patients with WPW
syndrome. The ablation procedure was successful in one patient,
whereas medical treatment was required in the other patient. Medical
treatment was continued in the patient with FAT after an unsuccessful
ablation attempt. Two patients with a premature atrial beat did not
show any change during the follow-up.

Supraventricular arrhythmia developed in seven patients whose
initial ECG and Holter ECG recordings were normal. EAR was
diagnosed in four patients, and supraventricular tachycardia (SVT)
was diagnosed in two patients. Asymptomatic WPW syndrome was
diagnosed and clinically followed up in another patient. One of the
patients with SVT had two unsuccessful ablation procedures and
followed up with medication treatment.

No cases of ventricular tachycardia were diagnosed in the initial or
follow-up evaluations. The rhythm findings of the patients on follow-
up are summarized in Figure 1.

In total, four patients (WPW syndrome, n=2; FAT, n=1; and
SVT, n=1) had seven ablation procedures. The ablation procedures
were successful in the two patients with WPW syndrome, whereas the

remaining patients were assigned to drug treatment.
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FIGURE 1 The rhythm and conduction features of the study patients

One of the patients with posteroseptal accessory pathway had
two recurrences and three ablation procedures, followed up without
medication. The other patient had a recurrence followed by a second
ablation procedure which was partially successful and he is still on drug
treatment. In the patient with FAT, the ablation procedure was
accepted as unsuccessful, since we could not stimulate sustained SVT.
In the patient with SVT the first ablation attempt was unsuccessful. He
died postoperatively while his SVT was under control with drug
treatment.

Our success rate for ablation procedure is quite low. It is known
that successful posteroseptal ablation rate is quite low, whereas recur-
rence is quite common in WPW patients. Especially in ccTGA patients
with left sided Ebstenoid valve (as in our study), stabilization of cathe-
ter and determination of true annulus is very difficult and these factors
lower the success rate of the procedure, while increasing recurrence

rates.”10

3.5 | Device implantation

Pacemakers were implanted in 12 (23%) patients in Group | and 4
(33%) patients in Group Il due to complete AVB. Eight of these pace-
makers were implanted in the postoperative period. In all eight cases,
VSD closure was part of the surgical procedure (Figure 2).

CRT was performed in four patients who were admitted to the
clinic postoperatively due to systemic ventricular dysfunction. One
patient had systemic left ventricular failure after a Senning-Rastelli
procedure, and the other three patients had systemic right ventricular
failure after surgeries for physiological correction. All four cases of CRT
involved patients who developed systemic ventricle dysfunction after
pacemaker implantation. The preprocedural ejection fractions (EF) of
three patients who had benefit after CRT upgrade were 25%, 22%, and
18%, respectively, and the QRS durations on ECG were 192, 144, and
170 msec, respectively. The preprocedural functional classes of the
patients were evaluated as New York Heart Association (NYHA)
class IV. After the CRT implantation the EF of the patients were 35%,

45%, and 42%, respectively, and the QRS durations on ECG were 140,
128, and 138 ms, respectively. The functional classes were improved
to NYHA class Il. The preprocedural EF, QRS duration, and functional
class of the unresponsive patient were 26%, 155 ms, and NYHA class
IV; whereas the postprocedural values were 24%, 158 ms, and class IV,
respectively. After CRT implantation, two patients’ clinical conditions

improved, and they were no longer heart transplant candidates.

4 | DISCUSSION

ccTGA is a rare congenital cardiac pathology, with heterogeneous
clinical findings and numerous treatment options. Studies in the litera-
ture emphasize the importance of rhythm and conduction pathologies,
treatment strategies, and regular follow-up of patients with ccTGA.S™®
In this study, we evaluated ECG and Holter ECG recordings of ccTGA
patients in a pediatric cardiac center.

The results of the study can be summarized as follows:

1. The evaluation of the ECG and Holter ECG recordings revealed
that conduction disturbances were much more frequent than
reported previously.>®

2. Nearly 20% of the patients with normal initial ECG and Holter
ECG recordings developed significant rhythm abnormalities on

follow-up.

3. In the present study, we detected almost 10% more conduction
abnormality or arrhythmia in Holter ECG recordings compared
with ECG. This finding clearly depicts the benefit of Holter ECG

recording, even for patients with normal 12 lead ECG.

4. The requirement for a pacemaker was more frequent in isolated
ccTGA cases. In addition, the need for a pacemaker increased due
to surgery in ccTGA patients with associated lesions. No postoper-

ative AVB occurred after univentricular surgery.

5. Notably, all cases of CRT involved patients who had postoperative

pacemaker implantations.
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FIGURE 2 The features of the patients with pacemakers

Previous studies reported an estimated 2%-per-year risk of
spontaneous heart block in ccTGA patients due to progressive deterio-
ration of conduction,® reaching a prevalence of nearly 30% in
adulthood.'* A previous study reported increased sensitivity of the
conduction system and a tendency toward the development of fibrosis
in ccTGA patients.*® Due to these factors, spontaneous heart block can
develop at any age in ccTGA patients. Pathological studies revealed
that not only the looping of ventricles but also the location and course
of the AV node and bundle of His are abnormal in the presence of
ccTGA. Patients usually have dual AV nodes, with the anomalous
second node positioned anteriorly and leading to a long, penetrating
bundle, in addition to a sparse conduction system, in which the
conduction tissues are frequently vulnerable to trauma.”® Although the
probability of an associated anomaly is higher in patients with atrial
situs inversus, the frequency of spontaneous heart block is lower due
to the normal localization of the conduction system. The percentage of
complete AVB is higher in patients without VSDs compared to patients
with VSDs.

In the present study, spontaneous complete AVB developed in
nine patients during a follow-up period of 49 months. The situs was
solitus in all the patients, and six had no VSDs, in accordance with
findings in the literature. One patient who developed complete AVB
after cardiac catheterization received a pacemaker implant, proving the
vulnerability of the conduction system in ccTGA patients.

In ccTGA patients, age has consistently been shown to be a risk
factor for developing AVB. Although the patients in Group 2 have a
higher incidence of AV block and were considerably older than the

patients in Group 1, this difference did not reach statistical significance.

We suggested that the most important factor for this finding is
probably the younger age of patient groups and the short follow-up
period.

A previous study reported that tricuspid valve or VSD surgery can
precipitate heart block.” A number of studies demonstrated that abnor-
mal ventricular conduction from an aberrant node located at the margin
of the right AV valve due to an accessory His bundle coursing anterior
to the VSD predisposed ccTGA patients to postoperative AVB.237%¢ In
the present study, of the 29 patients who underwent surgery, closure
of the ventricular septal defect was performed in 12 patients. Ten of
these patients developed postoperative AVB, and two of them died in
the early postoperative period before permanent pacemaker implanta-
tion. Permanent pacemakers were implanted in the remaining eight
patients.

As reported previously, depending on the alterations in the con-
duction system, there is an equal risk for development of spontaneous
complete AVB in both single- and two-ventricle patients.!” In the pres-
ent study, none of the single-ventricle patients developed perioperative
complete AVB. We believe that surgical interventions for the single-
ventricle pathway pose less of a risk to the AV node. The absence of
spontaneous AVBs in the single-ventricle patients in the present study
might be due to the limited number of patients with this pathology and
the relative short duration of the follow-up.

Corrected TGA may be associated with a variety of arrhythmias,
including AV reentrant tachycardia, atrial tachyarrhythmia, and ventric-
ular tachycardia.*® Based on a long period of follow-up, Connelly et al.
reported that 36% of patients with ccTGA experienced atrial arrhyth-

mias.'® In contrast, Kayrak et al. reported that atrial fibrillation or
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supraventricular tachycardia was rare in a follow-up of patients with
ccTGA.Y? They concluded that were only a few documented cases of
ventricular tachycardia in patients with ccTGA. Ventricular arrhythmia
might appear on follow-up in ccTGA patients, as ischemia and fibrosis
develop after a period of pressure overload on the right ventricle. Pre-
vious studies asserted that younger age, together with low incidence of
ischemia and fibrosis when compared with that in adults, might explain
the absence of ventricular arrhythmia in children with ccTGA.2%2!

Accessory pathways are present in 2%-5% of patients with
ccTGA, especially those with an Ebsteinoid malformation of the sys-
temic tricuspid valve.?? In a previous study, a sling-like bundle over the
anterior margin of the VSD connecting both AV bundles mediated AV
reentrant twin AV node tachycardia in some ccTGA patients.>® Previ-
ous studies noted that the ablation of accessory pathways in Ebstein’s
anomaly or ccTGA can be challenging due to the displacement of AV
valves in relation to actual AV grooves.z“'26 They reported an acute
success rate of 80% and a recurrence rate of 25%-40%.24"2¢ They
attributed these success and recurrence rates to several factors, all of
which likely affect the success rate of ablation procedures. In the pres-
ent study, seven ablation procedures were performed in two patients
diagnosed with WPW syndrome and two patients with FAT. These
were partially successful, and the patients remain under follow-up
while receiving medical treatment.

A number of studies showed that CRT improved the functional
class in heart failure patients unresponsive to optimal medical
therapy.2”-2? In large multicenter studies, an increase in the ejection
fraction and an improvement in electromechanical delay were demon-
strated after CRT in pediatric patients.?”?® Janousek and Cecchin et al.
evaluated postoperative CRT results of patients with congenital heart
disease, including ccTGA patients, and reported that the majority of
patients responded positively to CRT therapy.?%2” In the present study,
CRT was performed postoperatively in four ccTGA patients with
systemic ventricular failure. One patient with systemic left ventricular
failure and two patients with systemic right ventricular failure showed
improvements in functional capacity after CRT. The other patient with
systemic right ventricular failure did not show any improvement at the
end of the 6-month follow-up period. These findings indicate that CRT
may be beneficial in patients with ccTGA and systemic ventricular
failure.

Although the indications, patient selection, and specifications of
responder and nonresponder patients for CRT are known in the adult
population, little is known about the effectiveness of CRT in children.
Data about pediatric patient selection and clinical outcomes usually
relies on retrospective multicenter studies. One of the largest series,
published by Janousek et al., included 109 patients from 17 European
centers.?® Over a median follow-up of 7.5 months, they reported an
overall improvement in EF of 11.5%, a decrease in QRSd by 30 millisec-
ond, a decrease in systemic ventricular end-diastolic dimension by a
median of 1.1. Z scores, and an improvement in NYHA functional class.
Interestingly, the majority of these patients (77%) had previous conven-
tional pacemakers before upgrading to CRT. Patients with a systemic
LV and prior conventional pacing-induced dyssynchrony showed major

clinical improvement and reverse LV remodeling. These findings are
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consistent with our results confirming that most of the responders
were patients with previous pacemaker implantation, and it might be
an important predictor for successful CRT implantation.

On the other hand, data about CRT applications in ccTGA patients
with systemic RV is even more limited and controversial. Technical
feasibility and benefits of CRT in this population were evaluated by
Janousek et al. in 2004.%° Six of the 8 patients (75%) had conventional
pacing systems with LV pacing-induced conduction delay and
prolonged QRS duration. CRT was achieved by atrial synchronous
simultaneous biventricular pacing, resulting in decreased QRSd,
interventricular mechanical delay, and improvement in RV function.
However, results in subsequent studies demonstrated mixed conflict
results for patients with systemic RVs. The multicenter study by Dubin

et al?’

included 17 patients with systemic RVs. Twelve patients had a
significant improvement in systemic RV EF, with a decrease in QRSd
and clinical improvement. In contrast, Cecchin et al. 2’ reported a poor
response in patients with systemic RVs, with only 2 of their 9 patients
demonstrating improvement with CRT. In conclusion, CRT response is
unclear in patients with systemic RV. Even though we had a limited
number of patients, we suggested that in patients with systemic
ventricle failure due to the postoperative complete AVB and single
sided pacing related dyssynchrony, CRT upgrade might be an alterna-
tive treatment option for clinical improvement and bridging to heart

transplantation.

5 | STUDY LIMITATIONS

This study was limited by its retrospective nature. The young age of
the patients and short follow-up periods were other limitations.
Another limitation might be related to patient population; since our
arrhythmia clinic is one of the largest in Turkey, this may cause referral
bias from other pediatric cardiologists. However, we attempted to
reduce this referral bias by including all patients with ccTGA irrespec-

tive of arrhythmia.

6 | CONCLUSION

In conclusion, conduction and rhythm abnormalities should be routinely
investigated at regular intervals using Holter ECG recordings, together
with ECG, to ensure a comprehensive assessment of ccTGA patients.
Based on in-depth evaluations, the present study revealed that rhythm
disturbances were much more frequent than reported previously.
Although pacemaker implantation was more frequent in patients with
isolated ccTGA, the risk of pacemaker implantation was directly related
to surgery in ccTGA patients with associated lesions. Regular follow-up
visits are critically important in patients with postoperative pacemaker
implantations to detect systemic ventricular dysfunction and identify
the need for CRT.
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