
IJC Heart & Vasculature 28 (2020) 100511
Contents lists available at ScienceDirect

IJC Heart & Vasculature

journa l homepage: www. journals .e lsevier .com/ i j c -hear t -and-vascula ture
Percutaneous coronary intervention following Fontan procedure
https://doi.org/10.1016/j.ijcha.2020.100511
2352-9067/� 2020 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: asubahi@med.wayne.edu (A. Subahi).
Ahmed Subahi a,⇑, Thomas Forbes b, Omar E. Ali c,d

aDepartment of Cardiology, Wayne State University/Detroit Medical Center, Detroit, MI, United States
bDepartment of Cardiology, Wayne State University/Children’s Hospital of Michigan, Detroit, MI, United States
cDepartment of Cardiology, Wayne State University/Detroit Medical Center, Detroit, MI, United States
dCardiacCatheter Lab, Detroit Medical Center, Detroit, MI, United States

a r t i c l e i n f o
Article history:
Received 5 January 2020
Received in revised form 1 March 2020
Accepted 28 March 2020

Keywords:
Acute myocardial infarction
Adult congenital heart disease
Pediatric intervention
a b s t r a c t

Fontan procedure is known to increase the risk of thromboembolic events. However, coronary artery
thrombotic occlusion is rarely reported in patients with Fontan procedure. We present a case of a 10-
year-old boy with hypoplastic left heart syndrome palliated with a Fontan procedure who presented with
myocardial infarction secondary to thrombotic occlusion of the left circumflex coronary artery. He under-
went successful percutaneous coronary intervention with thrombus aspiration, balloon angioplasty, and
stent placement, highlighting the necessity of collaboration between congenital and adult cardiologists to
treat acute coronary syndrome among this challenging young population.

� 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
A 10 year old boy born with a history of hypoplastic left heart
syndrome (mitral stenosis and aortic stenosis), with past history
of stage I hybrid palliation (bilateral pulmonary arteries were
banded and ducts arteriosus stent was then placed) followed by
comprehensive stage II bilateral Glenn anastomosis, arch recon-
struction, atrial septectomy, removal of the ducts arteriosus stent
and removal of bilateral pulmonary artery bands. His postoperative
course was complicated and needed placement of bilateral pul-
monary artery stents after the second surgery. Finally, he under-
went fenestrated extracardiac Fontan completion at age 3 with
fenestration closure through cardiac catheterization at age 9 due
to increasing cyanosis. He was on furosemide, enalapril, aspirin,
and regular follow-up in the pediatric cardiology clinic.

He presented with sudden onset, acute chest pain. Troponin
was elevated at 33 ng/milliliter (ng/ml). Electrocardiogram (ECG)
confirmed a new V2 to V4 ST-segment depression. He was taken
to the catheterization lab. Coronary angiogram showed complete
occlusion of the proximal left circumflex coronary artery (LCX)
by thrombus embolization (Fig. 1). An adult interventional cardiol-
ogist was called to assist in coronary intervention. A stable position
distal to the lesion was achieved with a 0.014-inch coronary guide-
wire through a 6-Fr left Judkins guide catheter. Serial aspiration
thrombectomy was performed using an Export AP aspiration
catheter (Medtronic, Minneapolis MN); however, due to a small
residual thrombus, balloon angioplasty was performed. Post-
angioplasty angiography showed complete thrombus resolution,
and the left circumflex flow improved significantly with Thrombol-
ysis in Myocardial Infarction (TIMI) 3 flow (Fig. 2). He was trans-
ferred to the intensive care unit (ICU) on aspirin, clopidogrel, and
heparin drip in stable condition.

However, 24 h later, the patient continued to complain of chest
pain and nausea. A repeat troponin increased to 46.65 ng/ml. ECG
confirmed lateral V5 and V6 ST-segment elevation. Trans-thoracic
echocardiography showed new deterioration in the right ventricu-
lar systolic function, with apical, and interventricular septum
hypokinesia. His clinical picture was concerning for coronary re-
embolization or post-intervention complications (dissection,
hematoma, or subacute recoil). He was emergently taken to the
cath lab, where a significant clot burden in the left anterior
descending (LAD) and LCX was found. Subsequently, mechanical
aspiration thrombectomy was performed using the CATRX Indigo
System (Penumbra, Inc, Alameda, California) with clots aspirated
from both LAD and LCX. Following aspiration, a local injection of
nitroglycerin was performed in both vessels. However, significant
stenosis, which wasn’t present at initial catheterization, was noted
in the proximal LCX (Fig. 3). Nevertheless, there was no evidence of
dissection. The persistent stenosis seen in the proximal LCX could
be related to residual thrombus or post-angioplasty trauma on the
vessel wall that may be produced a hematoma of the vessel wall or
a subacute recoil of the vessel. Given the persistent stenosis, and
the high risk of reocclusion of the LCX, a drug-eluting Onyx 2.5 m
m � 15 mm resolute stent (Medtronic, Minneapolis MN) was
placed in the proximal LCX. Final angiography showed significant
improvement of flow in the LCX (Fig. 4). He was transferred to
the intensive care unit (ICU) on aspirin, clopidogrel, and heparin
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Fig. 1. Coronary angiogram showing occlusion of proximal LCX coronary artery
(yellow arrow). (LAD: left anterior descending artery. LCX: left circumflex artery.
RCA: right coronary artery.

Fig. 2. Post-aspiration angiography showing complete thrombus resolution, the
LCX flow improved significantly. (LAD: left anterior descending artery. LCX: left
circumflex artery. RCA: right coronary artery.

Fig. 3. Coronary angiogram showing significant stenosis in the proximal LCX
coronary artery (yellow arrow). (LAD: left anterior descending artery. LCX: left
circumflex artery. RCA: right coronary artery.

Fig. 4. Final angiography showing significant improvement of flow in the LCX with
proximal drug-eluting Onyx 2.5 mm � 15 mm resolute stent (yellow arrow).
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drip in stable condition. Overnight he did very well with complete
resolution of his symptoms. Seven days after the second procedure,
there was a significant improvement in cardiac function. The
patient was discharged home on metoprolol, aspirin, clopidogrel,
and warfarin, in addition to his home medications. The patient
has been seen by the transplant surgery team and is currently
being worked up for a cardiac transplant.

The Fontan procedure is a palliative procedure performed in
patients with many forms of single ventricle including, hypoplastic
left heart syndrome (HLHS) [1]. It aims to decrease the workload of
the right ventricle, which supports both the pulmonary and sys-
temic circulations [1]. Fontan procedure is known to increase the
risk of systemic or pulmonary thromboembolic events [2,3]. Fon-
tan patient has all the risk factors described by Virchow’s triad
[4], including stasis due to sluggish intracardiac blood flow or
non-detected arrhythmia, the procoagulant state with deficiencies
in protein C, protein S, and antithrombin III due to congestive hep-
atopathy, and endothelial dysfunction with multiple intravascular
prosthetic materials. The prevalence of thromboembolic events
among Fontan patients is about 25 percent [2]. Although coronary
artery thrombotic occlusion is uncommon in Fontan patients [2],
however, it has been described in the literature [5–10]. In the ret-
rospective review of 387 adults with a previous Fontan operation
by Egbe et.al. no patient had a myocardial infarction [2]. Systemic
thromboembolic events occur with increased frequency in Fontan
patients with atrial arrhythmias or fenestration communication
between the right atrium/Fontan connection and the left atrium.
Furthermore, intracardiac thrombus formation in adults with Fon-
tan circulation, carries a significant risk of death, especially in
hemodynamically unstable patients [11]. We present a case of
myocardial infarction (MI) secondary to thrombotic occlusion in
a 10-year-old patient with a Fontan circulation, who underwent
successful percutaneous coronary intervention (PCI) with throm-
bus aspiration and stent placement. The present case may be the
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first reported case of using a percutaneous stent as a supplemental
strategy in addition to thrombus aspiration for treating a throm-
boembolic MI in an HLHS Fontan patient. Performing PCI in
patients with HLHS and Fontan circulation is a challenging task,
especially in the setting of acute myocardial infarction where time
is critical.

Initially, we attempted to reestablish coronary blood flow
through thrombus aspiration. However, stenting was used in the
second procedure in view of the newly discovered proximal LCX
stenosis, which wasn’t present at initial catheterization. The persis-
tent stenosis in the proximal LCX could be related to residual
thrombus or post-angioplasty trauma on the vessel wall that
may be produced a hematoma of the vessel wall or a subacute
recoil of the vessel. Given the persistent stenosis and the high risk
of reocclusion of the LCX, a drug-eluting stent was placed in the
proximal LCX. The adult interventional cardiology team faced a
technical challenge while engaging the coronary ostia via the
hypoplastic aortic root to place the stent. However, the assistance
of the pediatrics interventional team allowed successful engage-
ment. Given the initial complete occlusion of the LCX and the
LAD coronary arteries by a thrombus on cardiac catheterization,
the most likely diagnosis was a coronary artery embolism. The
plausible source of embolism was in either the aortic root or the
cardiac chambers. Although, no obvious culprit was identified.
Our patient hypercoagulable workup was positive for factor V Lei-
den thrombophilia. There is no clear consensus regarding the pri-
mary prevention of thromboembolic events after Fontan
procedure [3,12]. Current evidence suggests that it is reasonable
for all patients with Fontan circulation to receive aspirin [3]. How-
ever, warfarin is usually used in Fontan patients with documented
thromboembolic events for secondary prevention [1,3]. Given the
unusual presentation, the recent coronary stenting and suspected
embolic event, treatment with warfarin, clopidogrel, and aspirin
were initiated.

In conclusion, there is scarce literature that provides evidence-
based guidance to optimal treatment of coronary thromboem-
bolism in the setting of Fontan circulation. Therefore, this case
demonstrates that thrombectomy and stent placement is a poten-
tially feasible and lifesaving therapy that can be considered in this
challenging young population. It also highlights the benefit of
shared experience between congenital and adult cardiologists.
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