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systems and six required epicardial patches. In each 
epicardial system, the generator was implanted in the 
patient’s abdomen.
  In the 16 patients who were studied more than 
once for VT, it was induced in two, both during their 
third EPS, resulting in subsequent implantation of an 
ICD. In patients with VT, the most common repaired 
CHD were 10 with tetralogy of Fallot (24%), 9 with d-
transposition of great arteries (21%) and 7 with forms 
of single ventricle (17%) (Table 1).
  Supraventricular tachycardia (SVT) was the 
indication for referral to the electrophysiology laboratory 
for 29 procedures in 28 patients. In those cases in which 
an ablation was attempted, 21 (68%) had immediate 
success. The eight unsuccessful ablations included 
five with intra-atrial reentry tachycardia, one with a 
para-Hissian accessory pathway, and one with atrio-
ventricular nodal reentry. The failed atrio-ventricular 
node reentry occurred in a patient who had undergone 
a prior Mustard procedure and who subsequently 
returned to the EP lab, where the slow pathway was 
successfully modified. Successful implantation of 
the coronary sinus catheter was achieved in 17 of 18 
patients (94%). The one unsuccessful implant was in 
a patient with l–transposition of the great arteries with 
ventricular inversion. A trans-septal procedure was 
successfully performed in nine patients without any 
complications. In patients with SVT, the most frequently 
encountered cardiac disorders were forms of single 
ventricle (29%), l-transposition of the great arteries 
with ventricular inversion (18%), and d-transposition 
of great arteries (18%) (Table 1).

DISCUSSION
  Arrhythmias are common in adults with congenital 

heart disease. In this study, we identified 70 ACHD who 
required an EPS. The two reasons for performing an 
EPS study on this patient population were ventricular 
tachycardia, which was the indication in 60% of the 
patients, and supraventricular tachycardia, constituting 
the other 40%. This study was done not only to 
determine whether pediatric electrophysiologists are 
capable of safely and effectively performing EPS on 
ACHD, but also to determine if they should be the ones 
performing these procedures. 
  To the best of our knowledge, there are no 
reports published by either adult or pediatric 
electrophysiologists concerning safety measures 
with regard to EP procedures performed on ACHD. 
The first safety concern analyzed for this study was 
vascular access. The majority of ACHD have undergone 
a number of previous catheterizations and surgical 
interventions, and these patients may have spent a 
significant amount of time in the intensive care unit with 
invasive arterial and venous lines. All of these factors 
can lead to thrombosis of arteries and veins, limiting 
future vascular access. In addition, a significant number 
of ACHD have limited access to the desired cardiac 
chambers, such as Fontan patients with ventricular 
tachycardia and Mustard patients with atrio-ventricular 
node re-entry tachycardia. In these patients, access 
to the ventricle or slow pathway can be obtained 
retrograde from the artery or after a trans-baffle 
puncture. In this study, access was an issue in only 
3% of the patients. These issues were known in two 
of the three patients, so no time was lost attempting 
femoral access. Therefore, planning for the number and 
location of catheters needed for the EP study can be 
done prior to arrival to the laboratory. 
  The second safety concern was patients’ exposure 
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Table 1. Arrhythmia substrate by anatomic diagnosis.

Diagnosis Ventricular tachycardia Supraventricular tachycardia

 (n = 42) (n = 28)

Tetralogy of Fallot 10 3

d-transposition of the great arteries 9 5

l-transposition of the great arteries/  3 5

    ventricular inversion 

Single ventricles 7 8

Other 13* 7†

* Myocarditis (3), anomalous left coronary artery (2), partial (2) and complete (2) AV canal defect, Shone’s complex 

(mitral stenosis, aortic stenosis, coarctation), ventricular non-compaction, ventricular septal defect, sub-aortic 

stenosis.

† Atrial septal defect (2), Ebstein’s anomaly (2), dilated cardiomyopathy, Shone’s complex, supra-valve aortic 

stenosis.
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to fluoroscopy during their EP study. In general, 
these patients have undergone a number of cardiac 
catheterizations in the past, which could increase 
their risk for the development of radiation toxicity and 
cancer. The limited fluoroscopy times encountered in 
this study again relay to a thorough knowledge of the 
anatomy, physiology, arrhythmia, and access to affected 
chamber(s) prior to the initiation of the study. Additional 
factors, such as the use of a three-dimensional mapping 
system, have helped to limit patients’ exposure to 
fluoroscopy time. 
  The third, and most important, of the safety issues 
reviewed was that of complications. During this study, 
only three complications (3.2%) occurred in the EPS  
attempted. The observed complication rate in three large 
multi-center studies—two adult and one pediatric—was 
approximately 4% (ranging from 3.8–4.4%) (10–12). 
The number of complications from this study is slightly 
better then the overall safety of an EP study performed 
by either an adult or a PEP on traditional patients. 
  The safety of a PEP performing an EPS on 
ACHD is evident. The reason for the limited number 
of complications and safety issues is most likely 
multifactorial. Before an electrophysiology study 
is performed on ACHD, it is of utmost importance 
to have a complete understanding of the patient’s 
underlying cardiac anatomy, previous surgical repairs, 
catheterization procedures, and venous and arterial 
anatomy. First, the chart must be reviewed with specific 
attention paid to all previous surgeries. It is also 
important to understand the nuances of the surgical 
procedure and location of suture lines, vascular folds, 
appendages, etc. After this, all previous catheter reports 
must be reviewed, looking for access difficulties to allow 
for the appropriate selection of catheters. Angiograms 
are reviewed to further delineate intra-cardiac anatomy 
and physiology, and to plan catheter course and access 
to the chamber involved in the arrhythmia. This is 
especially important to know prior to the beginning of 
the case, if the patient has a patch leak or fenestration 
or if a trans-patch puncture will be necessary.
  The success of the ablation attempts was quite 
encouraging in this difficult group of patients. In those 
ACHD where an ablation was attempted for either VT 
or SVT, the success rates were 73%. These results 
compare favorably with previously published reports on 
individual congenital heart defects in this population, as 
well as those on pediatric patients with congenital heart 
disease (8,9). The unsuccessful ablations occurred in 
patients with difficult arrhythmia mechanisms such as 
intra-atrial reentry tachycardia, para-Hissian accessory 
pathway, or ventricular tachycardia around a surgical 
scar.

CONCLUSIONS
  In conclusion, this study yields sufficient evidence 
to illustrate that electrophysiology studies can be 
performed on adults with congenital heart disease. 
In spite of their complex intra-cardiac anatomy, 
these patients can safely undergo electrophysiology 
studies with low fluoroscopy time, no vascular access 
problems, and few complications. In addition, the 
long-term success rates for ablation in this population 
of patients approaches 75%. We feel that pediatric 
electrophysiologists should be called upon to either 
perform or aid in all EP studies on this unique patient 
population.
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