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Background

Case summary

Keywords

Anomalous left coronary artery from the pulmonary artery (ALCAPA) is a rare congenital disorder resulting in is-
chaemia and myocardial infarction which can act as a potential substrate for life-threatening arrhythmias and sud-
den cardiac death.

A 19-year-old man was admitted to the hospital after successful resuscitation from an out-of-hospital cardiac arrest
(OHCA) due to ventricular fibrillation occurring during jogging. In the diagnostic work-up of the OHCA, computed
tomography identified an ALCAPA. The patient was referred to our tertiary hospital for surgical correction. Direct
reimplantation of the left coronary artery in the aorta was performed. During follow-up, 24-h electrocardiogram
revealed short episodes of non-sustained ventricular tachycardia (VT). The magnetic resonance imaging at initial ad-
mission showed focal wall thinning and transmural late gadolinium enhancement consistent with a previous antero-
lateral myocardial infarction. Therefore, the aetiology of the OHCA could be due to a scar-related mechanism and
not necessarily due to a reversible cause and an implantable cardioverter-defibrillator (ICD) was considered indi-
cated. Given the young age and the lower complication rates, a subcutaneous device was preferred over a transve-
nous ICD. However, as a subcutaneous ICD (S-ICD) lacks the possibility of anti-tachycardia pacing, programmed
electrical stimulation (PES) was performed to test for inducibility of monomorphic, re-entrant VT. After a negative
PES, an S-ICD was implanted.

ALCAPA is a potential cause of OHCA in young patients. Some of these patients keep an irreversible substrate for
ventricular arrhythmias despite full surgical revascularization and might be candidates for (subcutaneous) ICD
implantation.

Anomalous left coronary artery from the pulmonary artery (ALCAPA) e Ventricular arrhythmia e Sudden
cardiac death e Subcutaneous implantable cardioverter-defibrillator e Case report
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Learning points

pite full revascularization.

tachyarrhythmias.

® Anomalous left coronary artery from the pulmonary artery (ALCAPA) is a rare cause of life-threatening arrhythmias and sudden cardiac
death in the adult population and surgical correction should be pursued.
® Adult ALCAPA patients should undergo thorough multidisciplinary evaluation to assess the risk of (recurrent) ventricular arrhythmias des-

® Patients with previous transmural myocardial infarction due to ALCAPA have a potential irreversible substrate for ventricular

Introduction

Anomalous left coronary artery from the pulmonary artery
(ALCAPA\) is a rare congenital disorder, occurring in approximately 1
in 300 000 live births." The condition was first described in 1911 by
the Russian pathologist Alexei Ivanovitch Abrikosov.> However, it
was not well-known until 1933 when a clinical case of a 3-month-old
boy who died due to ALCAPA was published by William Franklin
Bland, Paul Dudley White, and Joseph Garland. Untreated ALCAPA
results in 90% mortality during the first year of life.

Pulmonary artery pressure, pulmonary vascular resistance, and
oxygen content gradually decrease hours—days after birth. In
ALCAPA, these changes cause a decrease in antegrade flow and oxy-
gen content in the left coronary artery (LCA) resulting in myocardial
ischaemia which may progress to myocardial infarction, left ventricu-
lar (LV) dilatation, heart failure, and functional mitral regurgitation. In
this situation, sudden cardiac death can occur, either due to primary
ventricular fibrillation (VF) caused by (reversible) ischaemia or due to
scar-related ventricular tachycardia (VT) arising from irreversible
damaged myocardium degenerating into VE3

Case presentation

A 19-year-old man was presented to a local hospital after successful
resuscitation following an out-of-hospital cardiac arrest (OHCA). He
was treated for asthma as a child and experienced mild exertional
dyspnoea for the past 2 years. Bystander basic life support was initi-
ated directly after the patient collapsed during jogging. Emergency
services arrived 10 min later and the first registered heart rhythm
was VF. He was defibrillated three times resulting in return of spon-
taneous circulation. He was intubated and physical examination
showed stable haemodynamic parameters (blood pressure 116/
78 mmHg, heart rate: 93 b.p.m.) upon arrival at the hospital. There
were no cardiac murmurs upon auscultation. His 12-lead electrocar-
diogram (ECG) showed negative T waves in the lateral leads, but no
conduction abnormalities and no signs of acute transmural ischaemia.
Based on the above findings, no emergency angiography was
performed.

He was treated with target temperature management at the inten-
sive care unit and recovered well neurologically. Diagnostic work-up
of the OHCA was initiated. Family history was unremarkable for sud-
den cardiac death or congenital anomalies. Cardiac markers were
only mildly elevated, consistent with resuscitation but not acute

Timeline ischaemia (troponin T 161ng/L, reference value: <14ng/L; CK
2018
May Out-of-hospital cardiac arrest due to ventricular fibrillation (VF)
Computed tomography: anomalous left coronary artery from the pulmonary artery, transthoracic echocardiography: moderate left
ventricular function, anterolateral hypokinesia
Magnetic resonance imaging: ejection fraction (EF) 42%, late enhancement anterolateral
June Surgery: reimplantation left coronary artery in aorta, start bisoprolol
August I 24-h electrocardiogram: 5x non-sustained ventricular tachycardia (VT)
Magnetic resonance imaging: EF 47%, focal transmural anterolateral infarction
November Discussion electrophysiology team:
® Previous infarction as potential substrate for VF: indication subcutaneous implantable cardioverter-defibrillator (ICD)
® Programmed electrical stimulation to assess and ablate potential monomorphic VT
2019
January Patient consent for electrophysiological study and ICD
May Programmed electrical stimulation: only fast non-sustained polymorphic VT inducible, no ablation
subcutaneous ICD implantation
November Outpatient clinic: no ventricular tachyarrhythmias under bisoprolol

Blue indicates local hospital and orange indicates tertiary care hospital.
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Figure | Multislice computed tomography coronary angiog-
raphy. (A) Three-dimensional image of the heart, great vessels, and
coronary arteries with an enlarged right coronary artery originating
from the aorta and a left coronary artery originating from the pul-
monic artery. (B) Curved planar reconstruction of right coronary
artery from aorta. (C) Curved planar reconstruction of left coronary
artery from pulmonic artery with contrast backflow into the pul-
monic artery (black arrow). Ao, aorta; LCA, left coronary artery;
PA, pulmonic artery; RCA, right coronary artery.

445 U/L, reference value: <171U/L). Transthoracic echocardiog-
raphy revealed a dilated left ventricle with moderately reduced sys-
tolic function. Cardiac computed tomography angiography revealed
the presence of an ALCAPA, a compensatory dilated right coronary
artery (RCA), and backflow of contrast through the collaterals to the
LCA and into the pulmonary artery (Figure 1). Cardiac magnetic res-
onance imaging (MRI) showed a dilated left ventricle with an ejection
fraction of 42%. There was anterolateral wall thinning with akinesia
and transmural late gadolinium enhancement compatible with a pre-
vious anterolateral myocardial infarction (Figure 2). Patient under-
went successful surgical reimplantation of the LCA from the
pulmonary artery into the aorta under cardiopulmonary bypass and
reconstruction of the pulmonary artery with a pericardial patch.
Post-operative recovery was unremarkable and he was discharged
home on bisoprolol 2.5 mg once daily.

Patient was followed at the outpatient clinic 2 months after sur-
gery. A 24-h ambulatory ECG showed five episodes of non-sustained
VT. An MRI was repeated and showed an improved ejection fraction
of 47% with signs of a previous anterolateral myocardial infarction.
Patient was referred to our tertiary centre to evaluate the indication
for an implantable cardioverter-defibrillator (ICD). The MRI during
his first admission, performed 13 days after the OHCA, already
showed anterolateral wall thinning with transmural late gadolinium
enhancement which was compatible with a previous myocardial in-
farction before the OHCA.* Accordingly, the documented VF could
be due to a scar-related re-entrant VT degenerating into VF and not
necessarily due to ischaemia. Therefore, an ICD was indicated for

secondary prevention.®

Figure 2 Magnetic resonance imaging with late gadolinium en-
hancement. (A) Midventricular short-axis view with transmural late
gadolinium enhancement anterolateral (white arrow). (B) Two
chamber view with late gadolinium enhancement anterior (white
arrow).

Figure 3 Conventional chest X-ray after subcutaneous implant-
able cardioverter-defibrillator implantation left laterally with sub-
cutaneous parasternal shock lead. (A) Postero-anterior image. (B)
lateral image.

Given the young age of the patient and absence of docu-
mented sustained monomorphic VT, a subcutaneous ICD (S-
ICD) was preferred over a transvenous system given higher
rate of lifetime complication rates associated with the latter
one.®” A major drawback of an S-ICD system is the lack of
anti-tachycardia pacing (ATP) modalities. It was thus decided to
perform a programmed electrical stimulation (PES) to test for
induction of a sustained monomorphic VT due to a scar-related
re-entry mechanism. A re-entrant VT could be either targeted
by catheter ablation followed by S-ICD implantation or could
justify the implantation of a transvenous system with the cap-
ability of ATP. The patient consented with the proposed course
of action. During the PES only fast non-sustained polymorphic
VTs were inducible and no ablation was performed.
Subsequently, an S-ICD was implanted (Figure 3). The patient is
currently symptom free and no clinically relevant ventricular
tachyarrhythmias have been documented 6 months after ICD
implantation.
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Discussion

In ALCAPA syndrome, the neonatal decrease in the pulmonary arter-
ial pressure and the decrease in antegrade flow and oxygen content
in the LCA results in myocardial ischaemia. The extent of the collat-
eral circulation from the oxygen-rich RCA is critical and of prognostic
importance. Patients who are diagnosed with ALCAPA qualify for
surgery to prevent further ischaemia, LV dilatation, and deterioration
of LV function. Previously, the LCA was ligated at its take off from the
pulmonary artery, however, this approach was associated with late
sudden cardiac death and has therefore been abandoned and
replaced by combined ligation and subsequent saphenous venous
grafting.8 The Takeuchi procedure creating an aortapulmonary win-
dow and an intrapulmonary tunnel to redirect blood from the aorta
into the LCA has become less popular due to baffle related complica-
tions and supravalvular pulmonary stenosis.>? Currently, direct reim-
plantation of the LCA into the aorta (as was performed in our
patient) is the preferred technique.? Left ventricular ejection fraction
usually improves significantly after surgery. This was also the case in
our patient and can be attributed to having alleviated ischaemia lead-
ing to functional recovery of hibernating myocardium. However,
more subtle parameters of LV dysfunction such as global longitudinal
strain may remain impaired.'®"" Magnetic resonance imaging is able
to visualize myocardial scarring by late gadolinium enhancement
imaging* which is generally not or only discretely present in
ALCAPA patients who underwent successful surgical repair.12

In a case report of two young-adult patients with ALCAPA pre-
senting with OHCA who underwent surgical reimplantation, there
was no recurrence of ventricular tachyarrhythmias during follow-up
of respectively 10.5 and 4.5 years."> However, large scale studies in
this population are missing.

Although ischaemia is resolved by reimplantation of the LCA into
the aorta, patients with previous myocardial infarction keep a poten-
tial substrate for ventricular tachyarrhythmias.? In these patients, ICD
therapy should be considered and is indicated for secondary preven-
tion in OHCA survivors.>*'* Implantable cardioverter-defibrillators
are, however, associated with long-term complications such as lead
failure, inappropriate therapy and infections, especially in young and
active patients.7

A promising alternative for young patients requiring ICD therapy is
S-ICD implantation. Although associated with lower complication
rates, long-term experience with S-ICD in young adults is still lim-
ited.%™® A drawback of S-ICDs is the inability to terminate re-entrant-
VT by painless ATP. Therefore, our patient was thoroughly discussed
in our electrophysiology team and after carefully weighing pros and
cons and after performing PES in which no monomorphic VT ap-
proachable by catheter ablation or treatable by ATP could be
induced, it was decided to implant an S-ICD for secondary
prevention.

In conclusion, ALCAPA is a potential cause of OHCA in young
patients. Depending on the initial clinical presentation and the extend
of the myocardial scar, some of these patients keep a substrate for
ventricular arrhythmias despite full
These patients should be thoroughly evaluated to assess their individ-

surgical revascularization.

ual risk and the potential substrate for recurrent life-threatening
arrhythmias.
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