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Abstract

Magnetic resonance imaging can be used for prepro-
cedural assessment of complex anatomy for radiofre-
quency (RF) ablations, e.g., in a univentricular heart.
This case report features the treatment of a young
patient with a functionally univentricular heart who suf-
fered from persistent sudden onset tachycardia with
wide complexes that required RF ablation as treatment.
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INTRODUCTION

Patients with a univentricular heart are born with a unique
cardiac anatomy, including a wide range of heterogenic
morphologies. The heart usually consists of a functionally
single main ventricle that is associated with a hypoplastic
or rudimentary second ventricular chamber. The anatomy
of the outflow and inflow tract can also be altered, for
example a double inlet or common atrioventricular canal
can exist. Tricuspid or mitral atresia is often found. The
clinical presentation depends on the exact anatomic fea-
tures, but congestive heart failure commonly develops. A
possible treatment is a complex surgical procedure, called
Fontan’s operation, that ensures patient survival beyond
childhood and teenage years. Fontan’s operation forms a
total cavopulmonal anastomosis that connects the venae
cavae directly to the pulmonary system without patticipa-
tion of the right atrium and ventricle. With increasing
age, the patients often develop long-term side effects, the
most common being cardiac arrhythmia, hepatic dysfunc-
tion and thrombosis". Cardiac arrhythmias can be very
resistant to medical treatment, thus requiring ablation
therapy. Ablation therapy has been proven to be a very
reliable treatment, with high long-term success rates”.
The unique anatomy can be challenging for this proce-
dure™. Magnetic resonance imaging (MRI) is a sensitive
tool for soft tissue imaging and can be of great help in
planning such an intervention.

CASE REPORT

A 17-year-old boy with wide complex tachycardia (heart
rate approximately 230 bpm), presented to our emet-
gency room with dizziness and angina (Figure 1A). The
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tachycardia had been present for more than 3 h at the
time of presentation. The patient maintained hemody-
namic stability. Acute treatment included administration
of adenosine, which had no effect on the tachycardia.
Administration of ajmaline successfully terminated the
tachycardia. The lack of an effect of adenosine led to the
conclusion that supraventricular tachycardia (atrioventri-

cular node reentry ot accessory pathway) was very un-
likely. The acute treatment was followed up by an invasive
electrophysiological (EP) study during the patient’s stay at
our hospital.

The patient had been born with a hypoplastic right
ventricle and atrium, and atresia of the tricuspid valve.
The functionally univentricular heart with a ventricular
septal defect and L-malposition of the main arteries had
been treated with Fontan’s operation at the age of 4 years.
Besides these cardiac conditions, the patient suffered
from hypofunction of the thyroid gland and attention
deficit hyperactivity disorder. At the time of admission,
the patient was treated with medikinet (methylphenidate)
and aggrenox (acetylsalicylic acid and dipyridamol).

In this complex case with a univentricular heart and
ptior cardiac surgery (Fontan’s operation to form a total
cavopulmonal anastomosis without participation of the
right atrium and ventricle), we chose to examine the pa-
tient using MRI before the EP study. There are several
advantages of MRI: first, it provides actual information
on cardiac anatomy beyond operative notes; second, it of-
fers better anatomical information and, in particular, bet-
ter soft tissue contrast than echocardiography, which is
important for exploring access routes (MR angiography)
to the cardiac chambers; and third, contrast-enhanced
late enhancement (LE) imaging can indicate intramural
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Figure 1 Wide complex tachycardia. A: Electrocardiographic
findings in the emergency room; B: Long-axis late gadolinium
enhancement view, main chamber and one outflow tract; C: Mag-
netic resonance (MR) angiography, arterial phase [maximum in-
tensity projection (MIP)]; D: MR-angiography, venous phase (MIP).

scars in contrast to CARTO3 alone, which is dependent
on endocardial voltages. Furthermore CARTO3 cannot
provide preprocedural information on anatomy.

A 3T Trio (Siemens, Erlangen, Germany) system
was used for the MRI studies. 3D-MR angiography
demonstrated the dextroposition of the aorta and an
anastomosis between the venae cavae and the pulmonary
arteries (Figure 1C and D). Steady-state free precession
(SSEP true-FISP) imaging (images not shown) revealed
a ventricular left-right shunt in the basal area as well as a
ventricular septal patch. Septal hypokinetic activity with
a remaining ejection fraction of 49% and a cardiac index
of 3.3 L/min/m? was documented. After administration
of gadolinium-based contrast agent, the LE scan showed
a hypoplastic right atrium and right ventricle (Figure 1B).
Except for subtle signal enhancement at the site of the
septal patch, no left ventricular scar/fibrosis was detected
(Figure 2B).

The actual EP study was petformed using CARTO3
with a single 7F Navistar Thermocool D-Type/3.5
mm/115 cm catheter (Biosense Webster, Diamond Bat,
CA, United States). The arterial access was chosen in ac-
cordance with the specific anatomy and the MRI scans
showed no direct venous connection to the cardiac main
chamber.

During the EP evaluation, all attempts using pro-
grammed stimulation to induce the tachycardia failed,
even under isoprenaline. However, occasional premature
ventricular complexes (PVCs) were detected. Supra-
ventricular stimulation was not possible since the right
atrium could not be reached due to anatomical obstacles
in the univentricular heart, and the left attium could not
be stimulated in a reliable fashion by retrograde access viz
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Figure 2 Tachycardia origin and post-ablation scan. A: Carto3. Yellow: His Bundle; red: area of earliest activation; red dots marked by white arrows: ablation sites;
B: Short axis ate gadolinium enhancement (LGE) prior to ablation with no areas indicating scars. Note area of the septal patch (white arrow); C: Short axis LGE post-

ablation: the ablation lesion is close to the area of the septal patch (white arrow).

the left ventricle.

Validation of tachycardia origin was achieved with
two approaches. Stimulation of the septal wall showed
a QRS morphology similar to the complexes during the
tachycardia. Secondly PVCs with electrocardiographic
morphology similar to that found during tachycardia
were used to create a CARTO3-based 3D-activation map,
localizing the origin of earliest activation at the same
septal area as the pace map. The PVCs were identical to
the documented wide complex tachycardia, suggesting a
triggered focus as origin. No areas with low voltage sig-
nals were detected which corresponds with the lack of
scars/fibrosis in the MRI. His potentials were detected
near this focus, indicating close proximity of the bundle
(Figure 2A). However, bundle branch reentry tachycardia
seemed extremely unlikely, since we had no reproduc-
ible induction of the ventricular tachycardia (VT). Since
induction of VT failed, we could not see a stable His ot
bundle branch potential that would have preceded each
ventricular activation and which then could indicate a
bundle branch reentry"”.

Despite the close proximity of the focus to the bun-
dle of His, radiofrequency (RF) ablation at a sufficient
distance from the delicate bundle of His region was fea-
sible. After the ablation, no PVCs were detected. A post-
ablational LE MRI scan showed the ablation scar located
at the septal wall close to the patch that had been used
for closing the ventricular defect (Figure 2C).

In addition to the EP evaluation and ablation, optimi-
zation of the patient’s medical treatment was undertaken.
Medikinet (methylphenidate) can be pro—arrhythmic“”
and might have contributed to the development of ar-
rhythmias in the univentricular heart after Fontan’s opera-
tion. At present, 8 mo after the ablation, the patient is in
good health and, to date, there has been no recurrence of
the tachycardia.

Patients with a univentricular heart often exhibit very
complex heart pathologies even if treated early with
Fontan’s operation“z‘. After this surgical procedure, heart
anatomy and function remain idiosyncratic'”. A strong
association with cardiac arrhythmias has been described,
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and which might be challenging to treat ™', MRI might
offer essential therapeutic help, as it provides a very
good insight into the anatomy of these hearts, thus al-
lowing better planning of sometimes necessary EP pro-
cedures™™. MRI can also be used to delineate ablation
lesions in patientsm. As shown in the current case, the
synopsis of morphological and structural information
and a thorough evaluation of the electrical activities can
result in superior guidance and successful ablation in
such difficult cases. Written consent for publication was
obtained from the patient’s guardian.
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