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Editorial on the Research Topic
Case reports in pediatric cardiology 2022

Pediatric cardiology stands as a distinctive subset within the field of cardiology, which
typically brings to mind cardiovascular issues prevalent among older individuals. Yet, the
truth is that the heart is an incredibly resilient organ, capable of allowing years of
relatively symptom-free survival even when significantly damaged. Regrettably, children
can and do encounter cardiovascular problems, although their occurrence remains
considerably lower compared to the adult population. This reality carries numerous
implications. Firstly, due to social and economic factors, scientific and clinical research
predominantly focuses on diseases with higher prevalence. Consequently, pediatric
cardiology remains, and likely always will be, an area of study that receives less attention.
Secondly, as children grow and naturally outgrow surgically implanted prosthetic devices
or tissues, this presents unique challenges in their treatment.

One of the most captivating facets of pediatric cardiology lies in its close connection to
the intriguing realm of congenital heart disease (CHD). This umbrella term encompasses
structural or functional abnormalities of the heart or major blood vessels that originate
before birth. While most CHD occur independently of other diseases, severe and complex
forms often coexist with additional medical conditions.

It is essential to acknowledge how CHD can sometimes manifest in unconventional
ways, resembling conditions such as ischemic heart disease. A noteworthy example is a
case reported by Fallah et al. involving a 2-year-old child with left main coronary artery
atresia. This child exhibited classical features of ischemic heart failure, including failure to
thrive, a significantly dilated left ventricle, an ejection fraction of 20%-25%, and severe
functional mitral regurgitation. The diagnosis was initially suspected due to cardiac
magnetic resonance findings, which indicated ischemic heart disease through extensive
scarring of the left ventricle.

Another intriguing case is presented by Wu et al. involving a term female newborn who
presented with congestive heart failure and a grade 4/6 continuous heart murmur in the left
upper sternal border. This child was diagnosed with a giant fistula between the right
coronary artery and the right ventricle, with an orifice of approximately 2 mm. What
makes this case remarkable is the successful percutaneous closure of the fistula using an
Amplatzer Duct Occluder II, originally designed for patent ductus arteriosus (PDA)
closure. This was possible due to the severe aneurysmatic dilatation of the proximal right
coronary artery, which could accommodate both the guidewire and the device itself.
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In some instances, coronary artery anomalies can be
challenging to diagnose, as demonstrated in the case reported by
Hu et al. In this case, a seven-year-old male child experienced
sudden, sharp chest pain and syncope during high-intensity
exercise. While cardiac ultrasound initially showed a normal
right coronary artery, the left coronary artery exhibited non-
continuous blood flow, raising suspicion of a coronary artery
anomaly. Subsequent electrocardiogram (EKG)-gated computed
tomography (CT) angiography revealed an abnormal origin of
the left coronary artery from the upper portion of the non-
coronary sinus, with a lengthy stenotic intra-mural course. This
case highlights the importance of advanced imaging when there
is a high clinical suspicion of a coronary artery anomaly.

Anomalous aortic origin of a coronary artery (AAOCA) is a
prevalent congenital coronary artery anomaly that can lead to
syncope in children. In fact, AAOCA is the second most
common cause of sudden cardiac death in young athletes (1), as
reported by Gao et al. in a case series of pediatric patients
admitted to their hospital due to syncope. Namely, the stories of
a total of eight patients with an average age of 12.5 years were
described. However, not all cardiovascular problems in children
are congenital; various other causes, including trauma, are
possible, as documented by Ai et al. Their case involved an
eight-month-old female child who underwent elective corrective
surgery for Tetralogy of Fallot but experienced a life-threatening
right coronary artery rupture as a result of cardiopulmonary
resuscitation (CPR). This case highlights that coronary artery
rupture can occur as a complication of CPR, an occurrence
documented in limited literature.

While pediatric cardiologists predominantly focus on CHD,
acquired cardiovascular issues commonly seen in adults can also
affect previously healthy children. This includes both common
conditions like myocarditis and acute myocardial ischemia, as
well as exceptionally rare conditions such as pulmonary artery
dissection (PAD). Most cases of PAD arise due to medial
degeneration, characterized by the fragmentation of elastic fibers
and the widespread enlargement of pulmonary arterial branches,
typically
However, Ren et al. reported two infant patients with PAD who

resulting from chronic pulmonary hypertension.

lacked pulmonary hypertension and underlying medical
conditions. Notably, these patients presented with recurrent
pneumonias, lacking the typical symptoms of chest pain and
hemoptysis seen in adults.

While many CHDs lack a clearly defined genetic basis, some
genetic diseases directly or indirectly affect cardiovascular and
pulmonary physiology. Lin et al. reported the case of a newborn
boy who suffered from severe dyspnea, extreme anemia, skin
pallor, and hypoxemia due to severe pulmonary hypertension.
Whole-exome sequencing revealed a novel compound
heterozygous mutation in the gene encoding the Pyruvate Kinase
enzyme, leading to a diagnosis of pyruvate kinase deficiency
(PKD). Treatment of the underlying condition also resolved the
pulmonary hypertension, highlighting the importance of precise
diagnosis, even when a genetic component may not be

immediately apparent.
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Liu et al. described the case of a 21-year-old man diagnosed
with arrhythmic-dilated cardiomyopathy secondary to Duchenne
muscular dystrophy, primarily treated with steroids. This case
underscores the significance of cardiological follow-up in all
patients at risk of developing heart problems, even if such cases
are rare. Another example comes from Feng et al. who reported
the case of a 17-year-old girl with Axenfeld-Rieger syndrome
(ARS), an autosomal dominant disorder linked to disruption of
the development of neural crest cells. While cardiac defects
associated with ARS have been reported, this patient presented
with a range of cardiac malformations not previously described.
This suggests the need for echocardiography in patients with
characteristic clinical manifestations of ARS or specific genetic
alterations.

Generalized arterial calcification of infancy (GACI) is an
autosomal recessive condition characterized by extensive
calcification and intimal proliferation of the large and medium
arteries, including the aorta, coronary arteries, and renal arteries
(2). This leads to vascular stenosis and a range of complications,
such as severe systemic hypertension and heart failure. Fagirdsan
et al. presented a case of successful surgical treatment of severe
aortic arch obstruction caused by calcified plaques mimicking
severe coarctation of the aorta. Additionally, Lu et al. reported a
case of GACI in an 8-month-old boy who presented with
hypertension, hypertrophic cardiomyopathy, and heart failure,
ultimately leading to his demise before bisphosphonate treatment
could be initiated.

Mitochondrial diseases (MDs) are exceedingly rare (3),
characterized by oxidative phosphorylation dysfunction due to
nuclear and/or mitochondrial DNA variations (4). Wang et al.
described the case of an 8-month-old male with MD, initially
presenting with severe lactic acidemia and respiratory distress,
along with echocardiographic features suggesting hypertrophic
cardiomyopathy. The importance of this case lies in the
correlation between MD and cardiac manifestations, highlighting
the need for a comprehensive investigation in such patients.

Chromosomal defects, particularly Turner syndrome, are
strongly associated with CHDs. Lin et al. reported a case
involving a patient with Turner syndrome who had severe aortic
coarctation. They successfully deployed a Cheatam-Platinum
stent to address this condition, offering an alternative treatment
method.

The integrity and configuration of vascular stents can easily be
compromised with aggressive manipulation, making percutaneous
interventions more challenging and technically intricate. Currently,
there are no established protocols for reclaiming embolized strutted
stents through percutaneous means. Prakoso et al. recounted their
experience in retrieving a strutted stent from the abdominal
inferior vena cava of a three-month-old boy scheduled for
femoral transvenous ductal stenting (DS). Due to complex
angulation, inserting the stent into the PDA proved technically
unfeasible. However, they successfully recaptured the stent using
a gooseneck snare through a right atrial appendage (RAA)
hybrid access, all without the need for cardiopulmonary bypass
support.
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Patients with Fontan circulation present distinct challenges
related to their cardiopulmonary function. As a result, ongoing
research seeks to determine whether COVID-19 poses an
increased risk to this specific population. Wen et al. detailed the
case of a nine-year-old male child who underwent Fontan
palliation and later contracted COVID-19 during the pandemic.
This case prompted investigations into the unique therapeutic
needs of Fontan patients. While complications were not
uncommon in this population, thrombotic complications were
the most frequent. However, these complications did not appear
to be specific to Fontan circulation, and most patients ultimately
improved and fully recovered. Notably, worse physiological
conditions like cyanosis and pulmonary hypertension were
associated with higher mortality rates.

At the outset of the COVID-19 outbreak, children were
minimally affected, accounting for only 1.7% of cases and often
presenting as asymptomatic carriers. Nevertheless, as the
pandemic progressed, a growing number of children exposed to
the virus developed Multisystem Inflammatory Syndrome in
Children (MIS-C). Di Filippo et al. provided an extensive case
series shedding light on cardiac manifestations observed during
COVID-19 in children and highlighting the significance of
elevated troponin levels. Among their cases, 13.6% exhibited
various forms of cardiac involvement, and 9.6% showed elevated
troponin levels. Given the ongoing COVID-19 pandemic that has
persisted in recent years and the widespread vaccination efforts,
it is unsurprising that adverse reactions to vaccination, even in
children, have been reported. The use of COVID-19 vaccines is
now recommended for the pediatric population. Lu et al.
presented a noteworthy case series detailing their experience with
adverse reactions to the hepatitis B vaccine, aiming to provide
insights into the general mechanisms underlying vaccine adverse
reactions. Of the adverse events documented, three were cases of
myocarditis, two were meningitis, and two were interstitial
pneumonia. A similar case of adverse reaction to an RNA
COVID-19 vaccine in a pediatric patient was described by Han
et al. They presented the medical history of a 17-year-old female
patient who experienced chest pain and syncope following her
RNA COVID-19 vaccine.

Subsequent cardiac magnetic resonance imaging confirmed the

initial dose of the messenger
diagnosis of myocarditis based on established criteria.

Dilated cardiomyopathy (DCM) stands as one of the primary
causes of heart failure in children, with heart failure often being
the initial presentation, though clinical manifestations can vary.
Wang et al. reported the first documented case of marked right
atrial (RA) enlargement as the initial presentation of DCM.
Genetic analysis revealed a heterozygous mutation associated
with cardiomyopathies. Further sequencing identified the same
variant in Pkp2 in the patient’s asymptomatic mother, whose
echocardiography showed an enlarged left atrium (LA) and left
ventricle (LV), mild to moderate mitral regurgitation, and a
reduced left ventricular ejection fraction (LVEF) of 48%. Thus,
she was also diagnosed with DCM, establishing a familial DCM
diagnosis based on the patient’s and mother’s features.

Zhang et al. presented another unique case: the first instance of
fetal non-compaction cardiomyopathy occurring simultaneously in
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both ventricles, coupled with the identification of a mutation in
the calmodulin gene (CALM?2). Prenatal echocardiography
initially detected biventricular non-compaction cardiomyopathy
alongside sinus bradycardia. Following the termination of the
pregnancy, autopsy and histopathological examination
confirmed the diagnosis of fetal biventricular non-compaction
cardiomyopathy.

Torsades de pointes (Tdp) represents a life-threatening
ventricular tachyarrhythmia characterized by a constantly shifting
QRS complex morphology, twisting the electrical axis around the
isoelectric line. Wang et al. conducted a study to document the
diagnosis and management of a rare case involving frequent Tdp
in a child with a novel genetic mutation. The patient was
successfully treated with a cardioverter-defibrillator (ICD)
implantation and optimization of antiarrhythmic therapy.

Atrial tachycardia (AT) originating from the atrial appendage
(AA) is clinically characterized by palpitations, chest discomfort,
dyspnea, and other nonspecific symptoms. In children, AT
originating from the AA accounts for approximately 30%-50% of
AT cases, a higher incidence than in adults (5). Liu et al.
reported three cases of AT originating from the AA, treated with
a combination of three-dimensional electroanatomic mapping
and ablation, and surgical atrial appendage resection performed
in conjunction with cardiac surgery. Atrial fibrillation (AF) is an
uncommon occurrence among children, especially in the absence
heart disease (6).
epidemiological data on AF are limited, often relying on findings
from studies conducted in the adult population. When AF is

diagnosed in a young patient with a structurally normal heart, a

of underlying congenital Pediatric

comprehensive investigation into its underlying cause becomes
essential. Hubrechts et al. presented a rare and potentially life-
threatening origin of AF: intrathoracic non-Hodgkin lymphoma
with cardiac involvement, as revealed by cardiac magnetic
resonance imaging (CMR). This represents the first documented
pediatric case attributing new-onset AF to neoplastic infiltration
of the left atrial wall.
Catecholamine-induced cardiomyopathy is a rare and
challenging complication associated with phaeochromocytoma-
paraganglioma, more commonly observed in pheochromocytoma
but less common in neuroblastoma (NB). Xu et al. presented the
case of a 5-year-old girl with NB who developed catecholamine
cardiomyopathy, cardiomyopathy
(HCM), leading to ventricular hypertrophy, hypertension, and

specifically  hypertrophic

heart failure. Surgical removal of the tumor resulted in the
normalization of blood pressure and urinary catecholamine
levels. A 7-month follow-up revealed the resolution of ventricular
hypertrophy and the restoration of normal ventricular function.
Restrictive cardiomyopathy (RCM) the least
common phenotype among pediatric heart muscle diseases,

represents

accounting for approximately 5% of all diagnosed
cardiomyopathies, and is associated with a poor prognosis in
children (7). Ji et al. reported a case of RCM that initially
manifested with ventricular fibrillation in a 7-year-old boy who
was successfully resuscitated by an automated external
defibrillator (AED) outside the hospital. At present, the boy is

being treated with oral diuretics and metoprolol tartrate tablets,
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as his parents declined an ICD implantation, and he is undergoing
outpatient follow-up.

Heart-lung transplantation (HLT) remains the sole viable
treatment for certain advanced cardiopulmonary diseases.
However, the scarcity of donors, the necessity for intricate
surgical coordination, and the demanding post-operative care
limit the number of such procedures performed in children
worldwide. Post-transplantation challenges persist, including
other

complications that can adversely impact patients’ quality of life.

rejection, infections, renal issues, tumors, and

Zhuang et al. documented a case of cerebral aspergillosis in a 10-
child that three HLT.
Fortunately, the patient responded well to treatment, and there

year-old developed months after
were no recurrences of the disease during the 3-year follow-up
period.

Idiopathic pulmonary arterial hypertension (PAH) is a rare and
progressively debilitating condition affecting the pulmonary
arteries. Epoprostenol, a synthetic prostaglandin analog, stands
out as the most potent pharmaceutical option for treating PAH.
Chida-Nagai et al. shared their experience with an adolescent
female patient who successfully transitioned from continuous
intravenous epoprostenol therapy to gradual oral selexipag
administration over an extended period. Encouragingly, this shift
proved effective, suggesting that oral selexipag can offer
comparable efficacy to epoprostenol, especially for managing
PAH in young patients.

Lian et al. presented a case involving an eight-year-old child
with an exceedingly rare combination of right aortic arch, right
patent ductus arteriosus (PDA), and right tracheal bronchus, a
condition known since birth. Interestingly, the patient later
developed symptoms of airway compression, prompting surgical
intervention involving the ligation and division of the PDA
through a standard midline sternotomy. This case is remarkable
not only for its unprecedented combination but also because the
patient remained asymptomatic for many years despite the
congenital anomaly being known since birth.
heart complex (HLHC),

encompasses Shone’s syndrome, constitutes a rare congenital

Hypoplastic left which also
heart disease (CHD) characterized by severe obstructive lesions
in the left-sided inflow and outflow tracts (8). While supramitral
fibroelastic membranes contributing to mitral valve (MV)
obstruction are common in this disease entity, left ventricular
endocardial fibroelastosis (EFE) has not typically been considered
a major factor in Shone’s variant HLHC. Diaz-Gil et al. provided
the first description of active clinical manifestation of EFE
and remodeling of the endocardium through endothelial-
to-mesenchymal transformation (EndMT) in an adolescent with
Shone’s variant HLHC and a genetic heterozygous ABLI variant.
This case highlights the need for novel therapeutic approaches
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for EFE, potentially focusing on molecular factors influenced by
intrinsic and extrinsic stimuli of EndMT.

Surgery is the standard approach to correct ventricular septal
defects (VSDs), especially in complex cases involving individuals
with pulmonary hypertension and multiple defects. In recent
years, transcatheter percutaneous closure has gained favor,
particularly for muscular VSDs located in challenging surgical
sites. However, repairing multiple defects often involves using
multiple devices and typically relies on fluoroscopy guidance (9).
Siagian et al. detailed their experience with the closure of
multiple VSDs using a single device and a zero-fluoroscopy
technique in a 7-year-old patient who had experienced shortness
of breath for a year prior to admission. They employed a jugular
vein approach to successfully perform percutaneous transcatheter
VSD closure. Remarkably, 1.5 years after the procedure, any
visible signs of pulmonary hypertension had resolved, leading to
the discontinuation of pulmonary artery dilator treatment.

In conclusion, it is crucial to raise awareness of pediatric
cardiology among healthcare professionals, and the objective of
these case series is precisely that. Through the sharing of a
collection of rare case reports, we aimed to foster an
understanding of the various conditions’ potential manifestations
and their This
significantly practices,

corresponding treatments.

knowledge can

enhance clinical diagnostics, and

therapeutic interventions.
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Case Report: Two Cases of
Pulmonary Artery Dissection in
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Pulmonary artery dissection (PAD) is a rare disease. This article reports the treatment of
PAD in young infants for the first time. Both cases of the infants were treated with surgery.
Different surgical methods achieve different results, which provide ideas for treating PAD
in young infants.

Keywords: pulmonary artery dissection, young infants, treatment, surgery, case report

INTRODUCTION

Helmbrecht et al. was the first to report a case of pulmonary artery dissection (PAD) in 1842 (1).
A recent literature review reported 150 cases of patients with PAD (1), but all were concentrated
on adults. Here, we report two cases of young infants diagnosed with PAD. Surgical treatment was
performed concurrently, and good results were achieved.

CLINICAL SUMMARY
Case 1

Male, 57 days old, admitted to hospital because of pneumonia; there was no abnormality in the
pregnancy checkup of the mother. No other deformities were found. On admission, the measured
weight was 5.2 kg, length was 57 cm, and a grade 3/6 systolic murmur in the pulmonary valve area
was heard, but no thrill was heard. Cardiac color Doppler ultrasound showed a space-occupying
lesion in the trunk of the pulmonary artery to the start of the left pulmonary artery. The space-
occupying lesion causes obvious stenosis of the left pulmonary artery lumen (Figure 1A), the
diameter of the left pulmonary artery is 1.8 mm, and maximum blood flow velocity is 2.3 m/s.
Cardiac CT (computed tomography) examination revealed space-occupying lesions in the trunk of
the pulmonary artery and the start of the left pulmonary artery area, but the nature of the lesions
is unclear (Figures 2A,B). Cardiac MRI (magnetic resonance imaging) showed space-occupying
lesions in the trunk of the pulmonary artery and the start of the left pulmonary artery area;
therefore, the possibility of hematoma or mural thrombosis was considered (Figure 2C).

After anesthesia, a median incision was made to open the chest, and cardiopulmonary bypass
was established. During the operation, the pulmonary artery was significantly dilated, and local
bulging was observed. A thrombotic tissue was seen in the anterior wall of the trunk of the
pulmonary artery extending to the start of the left pulmonary artery, and the thrombus-like tissue is
about 2 cm long and 1 cm in diameter (Figures 3A,B). The aortic end of the ductus arteriosus was
closed and fibrotic. The abnormal anterior wall of the pulmonary artery was removed, the aortic
end of the arterial duct was sutured and ligated, and pulmonary angioplasty was performed with
an autologous pericardial patch up to the start of the left pulmonary artery. No full-segment left
pulmonary artery patch widening was performed.
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FIGURE 1 | (A) Space-occupying lesion with a size of 11.6 x 10.5mm in the pulmonary artery. (B) Diameter of the left pulmonary artery was
2.2mm. (C) Space-occupying lesion with a size of 31.9 x 15.7 mm in the pulmonary artery. (D) Diameter of the left pulmonary artery was 3.9 mm.

Postoperative pathological findings: PAD, mural thrombus and calcification in the diseased tissue (Figure 3C). Cardiac
was seen, and membrane Separation was seen (Figure 3D) color Doppler ultrasound was reviewed 3 months after
The pathological section showed presence of hemosiderin the operation. The diameter of the right pulmonary artery

was 4mm, the diameter of the left pulmonary artery was

Abbreviations: PAD, pulmonary artery dissection; CT, computed tomography; 2.2 mm, al'ld the maximum velocity of blood flow was
MRI, magnetic resonance imaging; PDA, patent ductus arteriosus. 1.84 m/s (Flgure 1B).
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FIGURE 2 | (A) CT suggests space-occupying lesions of the pulmonary artery. (B) The green part is the three-dimensional imaging of the lesion. (C) T1 image of the
MRI of case 1 found a pulmonary artery space-occupying lesion. (D) T1 image of the MRI of case 2 found a pulmonary artery space-occupying lesion.
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Case 2

Female, 60 days old, measured weight was 5kg, and length
was 55cm. She was admitted to hospital because of recurring
pneumonia. A grade 3/6 systolic murmur in the pulmonary
valve area was heard on admission, but no thrill was heard. No
other deformities were found. Cardiac color Doppler ultrasound
screening revealed a space-occupying lesion in the trunk of
the pulmonary artery to the start of the left pulmonary
artery (Figure 1C), filamentous blood flow was seen in the left
pulmonary artery, and maximum blood flow velocity was 3.06
m/s. Cardiac MRI showed space-occupying lesions in the trunk
of the pulmonary artery and the start of the left pulmonary
artery area (Figure 2D). PAD was seen during surgery, and a
thrombotic tissue was seen in the anterior wall of the trunk of
the pulmonary artery extending to the start of the left pulmonary
artery. The thrombus-like tissue is about 2 cm long and 1.2 cm in
diameter, the aortic end of the ductus arteriosus was closed and

fibrotic. Unlike case 1, the pericardial patch expanded the trunk
of the pulmonary artery up to the start of the left pulmonary
artery; therefore, an autologous pericardium patch was used to
widen the left pulmonary artery to the hilum. The color Doppler
ultrasound was rechecked 3 months after the operation. The right
pulmonary artery diameter was 4.9 mm, the diameter of the left
pulmonary artery was 3.9mm, and the maximum velocity of
blood flow was 2.19 m/s (Figure 1D).

DISCUSSION

PAD was once considered to be a rare disease with a high fatality
rate (2). However, reports were all concentrated among adults r,
and there was no specific report on PAD in young infants.

The majority of PADs occurs in the presence of medial
degeneration with fragmentation of elastic fibers and generalized
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FIGURE 3 | (A) Anterior wall of the trunk of the pulmonary artery was enlarged. (B) Thrombus-like tissue was removed during the operation, the color is darker, and the
blood vessel wall is visible. (C) Visible dark calcification and surrounding brown-yellow hemosiderin changes. (D) Static image shows that the membrane is separating.
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dilatation of the pulmonary arterial tree caused by chronic
pulmonary hypertension (3). In a small number of cases, PAD
may occur in the site of local aneurysm formation. Aneurysms
are most commonly associated with congenital heart disease that
causes persistently high pulmonary flow velocity and pulmonary
hypertension, and, especially, hemodynamic changes caused by
persistent arterial ducts, leading to increased pulmonary blood
flow, increased intravascular pressure, and increased wall stress
(3). We reported two patients who were both infants and had no
pulmonary hypertension and other underlying diseases. Closed
ductus arteriosus was seen during the operation, considering
that PAD may be related to continuous acceleration of blood
flow at the ductus arteriosus during the fetal period that led to
increased intravascular pressure and tearing of the intima. The
postoperative pathology shows that the membrane is separating
and further confirms this conjecture. The pathological section
showed presence of hemosiderin and calcification in the diseased
tissue, indicating that the formation of the diseased tissue took a
long time. It is further speculated that the formation of PAD may
be related to PDA during the fetal period.

Adults with PAD most often present with chest pain, dyspnea,
and hemoptysis (2). Unlike in adults, PAD in young infants
usually manifests as recurring pneumonia. The two patients we
reported came to the hospital for recurring pneumonia. The
first infant we reported underwent CT examination. However,
because of rare experience in diagnosing PAD in young infants,
radiologists finally considered it as a space-occupying lesion, but
the nature of the lesion is unclear. At the same time, an MRI
examination was also performed to confirm the diagnosis. The
final diagnosis of the MRI was hematoma or mural thrombus.
However, in the end, the patient was diagnosed with PAD,
which was further confirmed by intraoperative findings and
postoperative pathology. Although CT is considered the best
method for diagnosing PAD (2), for PAD in young infants,
MRI can provide more information through a multi-level
comparison. At the same time, compared to CT examinations,
MRI examinations can avoid the use of contrast agents on
young infants.

In our report, the lesions in the two infants were present
in the trunk of the pulmonary artery to the start of the left
pulmonary artery. For the first infant, the anterior wall of the
diseased pulmonary artery was removed, and an autologous
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pericardial patch was used for pulmonary angioplasty. Although
the postoperative review showed that the operation was good, the
left pulmonary artery was still narrower than usual. Considering
that infants are in the stage of growth and development, PAD
compresses the left pulmonary artery, resulting in long-term
obstruction of blood flow to the left pulmonary artery, which
further affects the development of pulmonary blood vessels.
Eventually, it causes irreversible stenosis of the left pulmonary
artery. The same procedure used for the first infant was adopted
for the second infant. At the same time, we completely freed the
left pulmonary artery and used a pericardial patch to expand
the left pulmonary artery to the left hilum. The postoperative
review revealed that the second patient had no left pulmonary
artery stenosis. Because there is no previous report on surgical
methods for infants with PAD, our center has reported on
a surgical procedure for infants with PAD. We suggest that
using an autologous pericardium patch is feasible to expand
the pulmonary artery for PAD in young infants. At the same
time, for the left and right pulmonary artery branches with
lesions, although lesions only exist at the start of the left or the
right pulmonary artery, full-segment expansion of the pulmonary
artery branch should be performed during surgery to avoid left or
right pulmonary stenosis.
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Background: Pulmonary hypertension could be associated with pyruvate kinase
deficiency (PKD). There are few reported cases of PPHN as the first clinical manifestation
of PKD. Herein we report a rare case of PKD in which the patient exhibited persistent
pulmonary hypertension in the neonate (PPHN), and genetic testing helped to rapidly
identify an potential association.

Case presentation: The patient was a newborn boy who suffered from severe
dyspnea, extreme anemia, skin pallor, and hypoxemia. Repeated echocardiography
indicated persistent severe pulmonary hypertension with a calculated pulmonary
artery pressure of 75 mmHg, and right ventricular hypertrophy. The administration
of nitric oxide significantly reduced the pulmonary artery pressure. Whole-exome
sequencing revealed a compound heterozygous mutation consisting of ¢.707T > G and
€.826_827insAGGAGCATGGGG. PolyPhen_2 and MutationTaster indicated that both
the ¢.707T > G (probability 0.999) and ¢.826_827insAGGAGCATGGGG (probability
0.998) mutations were disease causing. PROVEAN protein batch analysis indicated
that the associated p.L.236R region was deleterious (score —4.71) and damaging (SIFT
prediction 0.00), and this was also the case for p.G275_V276insEEHG (deleterious
score —12.00, SIFT prediction 0.00). Substantial structural changes in the transport
domain of the protein were predicted using SWISS-MODEL, and indicated that both
mutations led to an unstable protein structure. Thus, a novel compound heterozygous
mutation of PKLR-induced PKD with PPHN was diagnosed.

Conclusion: The current study suggests that molecular genetic screening is useful for
identifying PPHN, particularly in children with metabolic disorders. In patients exhibiting
unexplained hyperbilirubinemia combined with severe pulmonary hypertension, PKD
might be a potential possible alternative explanation. Genetic screening is helpful for
identifying genetic causes of pulmonary hypertension, especially in patients with PPHN.
This report expands the mutation spectrum of the PKLR gene, and contributes to the
genotype-phenotype map of PKD.

Keywords: case report, genomic sequence, persistent pulmonary hypertension in the neonate, PKLR, pyruvate
kinase deficiency
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INTRODUCTION

Persistent pulmonary hypertension in the neonate (PPHN)
is a severe condition. Generally, life - threatening infection,
developmental disorders, and cardiac malformation are
considered the main causes of PPHN. Notably, however,
metabolic disorders are increasingly being identified as involved
in the development of PPHN. Genetic abnormalities have been
reported in association with refractory PPHN, such as mutations
in surfactant protein B and the ATP-binding cassette protein
A3. Such mutations may lead to insufficient surfactant function,
and induce PPHN. Beyond pulmonary disease, several inherited
systemic hematological and metabolic disorders are reportedly
associated with pulmonary hypertension, including primary
thrombocytosis, polycythemia vera, Gaucher disease, glycogen
storage disease, and pyruvate kinase deficiency (PKD). Notably,
however, few patients with hematological diseases have been
identified with pulmonary hypertension in the neonatal period.
Due to hypoxia and hemolysis, PPHN may present as a severe
complication with hyperbilirubinemia.

Pyruvate kinase deficiency is the most common defect
affected by the glycolytic pathway, and it can result in severe
congenital hemolytic anemia (1). With the development of
genetic sequencing, mutations in the pyruvate kinase L/R (PKLR)
gene located on chromosome 1q21 have been identified as
genetic causes of PKD (2, 3). To date > 300 mutations have
been reported. Differences in residual red blood cell (RBC)
enzyme between homozygotes (>25%) and heterozygotes (40—
60%) of PKLR mutations have also been described (1). PKD
has been regarded as a heterogeneous disease caused by reduced
PK activity and PKLR variants (4-6). PKLR participates in
glycolysis as a catalyst involved in the transphosphorylation
of phosphoenolpyruvate into pyruvate and ATP, which is an
irreversible component of glycolysis. Previous reports suggest
that the generation of ATP in RBCs contributes to maintaining
their structural and functional integrity throughout their
lifecycle, and deficiency of pyruvate kinase activity could result
in failure of ATP production. Potential consequences include
membrane plasticity loss, cellular dehydration, and the premature
destruction of RBCs in the spleen or liver, leading to severe
refractory hyperbilirubinemia and anemia in neonates.

In most reported cases of PKD the crucial clinical symptoms
were severe anemic phenomena and substantial elevation
of indirect bilirubin (IDIL) (5). Pulmonary hypertension is
considered a rare and life-threatening complication of PKD,
while PPHN has been seldom reported. Recent reports indicate
that the incidence of pulmonary hypertension in PKD patients
is relatively low, and that it is predominantly observed in
adolescents (>3%) and adults (>5%). Hitherto there have been
no reported cases in newborns, but a statement provided limited
evidence on pulmonary hypertension during neonatal period
(5). Herein we describe a case of severe hyperbilirubinemia
and PPHN diagnosed soon after birth. Metabolic screening and
genetic testing helped to identify a novel heterozygous mutation
of PKLD, guiding further optimal therapeutic strategies. This is
the first report of PKD with PPHN, and expands the known
mutations associated with PKLD, and it also suggests that rapid

genetic testing to distinguish between potential causes of PPHN
in complex situations would be beneficial.

CASE PRESENTATION

Ethics Compliance

The study was approved by the ethics committee of the West
China Second Hospital of Sichuan University (approval number
2014-034). Written informed consent was obtained from the
patient’s parents prior to performing WES, and for the inclusion
of the patient’s clinical and imaging details in publications.

History of lliness and Physical

Examination

The patient was a newborn boy who was admitted to our
hospital 5 h after birth suffering severe dyspnea, extreme anemia,
skin pallor, and hypoxemia. He was born at 37 + 6 gestational
weeks, and his birth weight was 2.4 kg. Due to substantial
intrauterine distress, meconium-stained amniotic fluid, and
torsion of umbilical cord a cesarean had been performed to
prevent further injuries. The respective Apgar scores were 7,
8, and 9 at the 1st, 5th, and 10th minutes after birth. Physical
examination revealed mild jaundice, weak breath sounds in
bilateral lungs, and dull cardiac sound. An enlarged liver was
evident 5.0 cm under the lower rib and 3.5 cm below the xiphoid
process, with a blunt edge, and the spleen was 3.0 cm under the
rib. He had hypomyotonia of limbs, decreased primary reflex, and
cold extremities with a capillary refill time of 3 s.

Laboratory and Radiological Results

The patient demonstrated severe anemia within a short time
postnatally (hemoglobin 56 g/L, n.v. > 170 g/L), and reduced
platelets (67 x 10°/L, nv. > 292 x 10°/L). White blood
cells were elevated (92.6 x 10°/L, nv 9.0-30.0 x 10°/L),
as was C-reactive protein (12.9 mg/L, nv. < 8.0 mg/L).
Natriuretic peptide was 4379.8 pg/mL, indicating heart failure.
Biochemistry tests demonstrated an elevation of total bilirubin
(216.4 pmol/L, n.v. < 210.0 pmol/L), IDIL of 200.1 pwmol/L
(n.v < 193.0 wmol/L), and direct bilirubin (DBIL) of 16.3 pumol/L
(n.v. < 10.0 pmol/L). IDIL dropped to approximately 50-
80 pmol/L from the 3rd postnatal day (Figure 1A), but DBIL had
increased to 193.4 wmol/L by the 15th postnatal day (Figure 1A).
In tests for specific pathogens, quantitative polymerase chain
reaction (QPCR) to detect pathogenic bacteria, viruses, and fungi,
TORCH IgM antibody screening, group B Streptococcus testing
were negative. Besides, the aerobic or anaerobic culture cultures
of blood, septum, urine and cerebral spinal fluid were all negative.
So that, non-specific pathogen had been identified.

Repeated echocardiography indicated persistent severe
pulmonary hypertension with a highest calculated pulmonary
artery pressure of 75 mmHg, with right ventricular hypertrophy
at the 3rd day after birth. X-rays depicted patchy shadows in
the lungs. Hepatic ultrasound indicated normal liver density
(Figure 1B) and normal gallbladder morphology (Figure 1C),
thus liver fibrosis and biliary atresia were ruled out as causes
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FIGURE 1 | Clinical and radiology manifestation in the current proband. (A) The patient exhibited abnormal bilirubin in plasma, while the total bilirubin remained high
during his iliness. At the beginning, DBIL elevated rapidly to a high level, while IDIL remained normal. However, after 3 months follow-up, DBIL dropped to normal
level, and IDIL increased. (B) Hepatic ultrasound demonstrated a normal density of liver. (C) Gallbladder demonstrated a normal morphology. (D,E) The cerebral MRI
identified hematoma near right cerebral ventricle.

of the elevated DBIL. Cerebral magnetic resonance imaging concerns were PPHN and unexplained continuously elevated
revealed hematoma signs in the right cerebral ventricle (T2 DBIL. Thus, metabolic disorder was highly suspected.
image in Figure 1D and T1 image in Figure 1E). Comprehensive metabolic function profiling analyzing

Given the above laboratory and radiological results in organic acids in urine revealed large proportions of a-keto-
conjunction with his clinical manifestations, the dominant b-methylvaleric acid, methylglutaric acid, hydroxyphenylacetic
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w

PKLR c.826_827ins AGGAGCATGGGG

Paternal seq Proband

Maternal seq

Model Confidence

[l Very high (pLDDT > 90)
Confident (90 > pLDDT > 70)
Low (70 > pLDDT > 50)

[ Very low (pLDDT < 50)

PKLR ¢.707T>C

FIGURE 2 | The PKLR mutations in this family. (A) Family pedigree in the current proband. (B) Sanger sequencing validation of the current proband and his parents,
revealing the maternal carrier of PKLR ¢.707T > C (p.L236R) and his paternal carrier of PKLR c¢.826_827insAGGAGCATGGG. The current proband exhibited PPHN
and metabolic disorder in neonatal period and congenital non-spherocytic hemolytic anemia with a novel compound heterozygous mutation of PKLR. (C) The crystal

structure of full length of AA sequence built by AlphaFold 2.0.

acid, fumarate, acetoacetic acid, and ketoisocarproate, which
were strongly indicative of a metabolic disorder.

Molecular Results

A peripheral blood sample was obtained from the patient in an
ethylenediaminetetraacetic acid anticoagulant blood sample tube
then stored at 4°C for less than 6 h. DNA was extracted using
the Blood Genome Column Medium Extraction Kit (Tiangen
Biotech, Beijing, China) in accordance with the manufacturer’s
instructions. Protein-coding exome enrichment was performed
using the xGen Exome Research Panel v1.0. WES was performed
using the NovaSeq 6000 platform (Illumina, San Diego, CA,
United States). The patient’s parents reported that there was
no known family history of pulmonary hypertension or PKD,
and no other relatives in his family exhibited any potential
symptoms (Figure 2A). PPHN was the primary consideration in
this patient, as well as substantial elevations in total bilirubin,
DBIL, and IDIL, consistent with metabolic disorder. Therefore,
after ruling out other possible causes a genetic metabolic disorder
was strongly suspected. WES was performed using the Illumina
NovaSeq 6000 platform, followed by analysis of the variable genes

involved in metabolic diseases, and a compound heterozygous
mutation of ¢.707T > G and ¢.826_827insAGGAGCATGGGG
were identified, both located in exon 6 of the PKLR gene. These
data were confirmed by Sanger sequencing, and the patient’s
mother carried the heterozygous variant of ¢.707T > G, and
his father carried the c.826_827insAGGAGCATGGGG frame
insertion as a heterozygous variant (Figure 2B).

To elucidate the molecular architecture of the human
PKLR gene, MutationTaster with R software was used
to predict the pathogenicity of PKLR ¢.707T > C and
c.826_827insAGGAGCATGGGG. The effects of these mutations
on protein structure were also assessed via PROVEAN protein
batch with Provean score and SIFT prediction. A crystal structure
was built based on amino acids 47-574, and formatting of the
complex of pyruvate kinase isoform L-type with phosphorylated
Ser113 (pS113). The AlphaFold protein structure database' tool
was used to predict a protein crystal structure containing amino
acids 1-574. The protein structure of PKLR has been built and
named AF-P30623-F1 (7, 8). Modeling analysis was performed

'https://alphafold.ebi.ac.uk/
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using the online software SWISS-MODEL? to visualize and
analyze the altered amino acid sequence and stability of PKLR
with the 6eck.1.A template. The capability of the protein structure
was estimated using Ramachandran Plots. The signature vector
that was ultimately generated was used to train the predictive
classification and regression model for calculating the change
in Gibbs folding free energy (A AG) induced by the mutations
shown in the ensemble variance figures.

The crystal structure of the full amino acid sequence is
shown in Figure 2C. According to updated data in ExAC and
1000G neither of the mutations had been reported, indicating
that they were novel variants (Figure 3A). Verification via
Rare Exome Variant Ensemble Learner, SIFT, PolyPhen_2, and
MutationTaster indicated that both the ¢.707T > G (probability
0.999) and ¢.826_827insAGGAGCATGGGG (probability 0.998)
mutations were disease causing (Figure 3A). PROVEAN protein
batch indicated that the p.L236R protein was deleterious
(Provean score —4.71) and damaging (SIFT prediction 0.00),
as was the p.G275_V276insEEHG protein (deleterious Provean
score —12.00, damaging SIFT prediction 0.00) (Figure 3A).
According to the American College of Medical Genetics the
genetic variant of ¢.826_827 ins AGGAGCATGGGG was a
frameshift with uncertain pathogenicity (PM2 + PM4), and the
¢.707T > G mutation was a missense mutation with uncertain
pathogenicity (PM2 + PP3), and both were related to PKD.

SWISS-Model was used to assess the crystal structure of PKLR
due to the identified mutations. The altered crystal structures
of PLKR complexes are shown in Figure 3B. Generally there
were no significant changes in crystal structure in the PKLR
p-L236R complex, and an additional loop was identified in the
PKLR p.G275_V276insEEHG complex (Figure 3B). Notably,
however, differences in Ramachandran plots were observed in
both PKLR p.L236R and PKLR p.G275_V276insEEHG compared
to wild-type (Figure 3C). Detailed structures including changes
in positions in p.L276R and p.G275_V276insEEHG are shown
in Figure 3D. Structural comparisons were completed for both
mutations, and are shown in Figure 3E. Ensemble variance
revealed free energy changes due to the two mutations. The
above analyses indicated that both of the mutations identified
could alter the transcription of the PKLR gene, and damage
the functional protein structures of the PKLR complex. Thus, a
compound heterozygous mutation that was the likely cause of
PKD was identified in the patient.

Treatment and Clinical Outcome

During the neonatal period the patient was administered
antibiotic therapy including ceftazidime and ampicillin.
Mechanical ventilation, recurrent red blood cell and plasma
transfusions, catecholamine, and nutritional support were
administrated to save his life. After a series of positive treatments
had been administrated to correct his severe anemia, alleviate
hypoxia stress, and control infection, echocardiography still
recorded pulmonary hypertension with a relative reduced
pressure around 55-60 mmHg, which was different from other
PPHNs induced by intrauterine stress and significant infection.

Zhttps://swissmodel.expasy.org/

So that, we considered the development of PPHN might be
related with PKD, and nitric oxide inhalation had been provided
to relieve PPHN. After the nitric oxide therapy, the pulmonary
artery pressure dropped to 30-35 mmHg at the end of neonatal
period. Furthermore, the pulmonary artery pressure decreased
to normal of 20-25 mmHg at the age of 6 months postnatally.

IDIL increased again, however, whereas DBIL dropped to
a normal level during 3 months of follow-up. The patient
required RBC transfusions once a month, consistent with
the classic clinical manifestation of PKD. The present case
included PKD onset with PPHN and severe metabolic disorder,
intrauterine distress, and perinatal extreme hypoxia. The typical
clinical symptoms of congenital non-spherocytic hemolytic
anemia appeared during follow-up. This case indicates that
perinatal exposure to adverse environments may induce the
onset of PKD with genetic deficiency of PKLR, resulting in
various manifestations. Thus, early metabolic screening and
WES may help to distinguish the disease based on molecular
diagnosis, which could distinguish between truly positive and
false positive PKD.

At present, the patient has been carefully followed by almost
18 months without any significant complications. And there was
no obviously developmental retardation, cognitive function and
motor movement delay. He received blood transfusion every
1.5 month, and 2 times blood test had been provided. To
monitor the status of his cardiovascular function and pulmonary
artery pressure, echocardiography had been involved every
2 months. After fully informed the patient’s parents, the patient
would receive allogeneic hematopoietic stem cell transplantation
around 3-5 years age.

DISCUSSION

The PKLR gene encodes RBC isoenzymes, and associated clinical
symptoms are usually limited in RBCs. PKLR mutation leads
to PKD. Hepatic enzyme activity is protected in hepatocytes, or
compensated by the PK-M2 isoenzyme encoded by the PKM
gene, which provides an explanation for degrees of diversity of
anemia. Zanella et al. (9) reported that the clinical presentation
is not entirely dependent on molecular variants, but reflects
a combination of genetic background, concomitant functional
polymorphisms of other enzymes, and ineffective erythropoiesis.
(3) reported that PKLR variants did not contribute to intrauterine
lesions. Surgical effects, infection, and hypoxia attacks may
enhance the severity of PKD (10). PKD could be misdiagnosed
due to its various clinical manifestations. In some patients the
phenotype is nearly normal, whereas others exhibit extreme
anemia and hyperbilirubinemia. Cardiopulmonary dysfunction
is a life - threatening complication associated with PKD.
PKD management guidelines usually recommend cardiovascular
screening for outcome evaluation. In general, pulmonary
hypertension is observed in 3% of adolescent PKD patients, but
the incidence increases to 5% in adults (11). Several reviews
indicate that pulmonary hypertension occurs in the neonatal
phase, but none of them provide a convincing incidence rate.
The average age that PKD-related pulmonary hypertension is
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FIGURE 3 | The effects of PKLR ¢.707T > C and ¢.826_827insAGGAGCATGGG mutations on the molecular structure of the protein. (A) The reported cases of the
identified mutations in database 1000G and EXAC. And the PROVEAN protein batch and MutationTaster scores revealed the two newly identified mutations would
be protein damaging and diseasing causing variants. (B) Individual crystal structures of wild type, p.L236R and p.G275_V276insEEHG according to the 36eck.1.A
model template. (C) Ramachandran plots of AA with wild type, p.L236R and p.G275_V276insEEHG. (D) The detailed space structure between wild type and mutant
proteins. (E) The comparisons of free energy on crystal structure of wild type sequence and p.L236R and p.G275_V276insEEHG variants, respectively.

diagnosed is 39.2 years (11). Thus, PPHN is seldom considered metabolic screening facilitated identification of the disorder,

as the first clinical manifestation of PKD. In the current patient

however, and prompted genetic testing, which resulted in a

it was initially difficult to distinguish PKD from PPHN. Timely diagnosis of PKD at very early stage postnatally. PKD and
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other hemolytic anemia would lead to pulmonary hypertension
in long term due to nitric oxide deficiency, oxidative stress,
and hypercoagulability (12). And, the PPHN could be mainly
induced by anemia, infection, intrauterine stress and meconium
stained liquor. To this patients, we detected PPHN by routine
echocardiography after birth and the highest pulmonary artery
pressure was 75 mmHg. However, pulmonary pressure only
reduced to 55-60 mmHg after anemia and infection had been
controlled. Thus, nitric oxide inhalation had been provided, and
the pulmonary artery pressure went down to 30-35 mmHg.
Finally, the pulmonary artery pressure decreased to normal at
6 months old during follow-up. According to previous statement
from Rachael F. Grace and Wilma Barcellini (5) indicated that
PKD could induce critical anemia intrauterine, which would
lead to evidence of neonatal pulmonary hypertension or stroke.
So that we attempt to associated the presentation of PPHN
with PKD based on the following reasons: (1) the patient
suffered significantly severe anemia prenatally; (2) the pulmonary
hypertension still remained after the anemia, infection and other
conditions controlled; (3) the administration of nitric oxide
significantly reduced the pulmonary hypertension; and (4) the
pulmonary hypertension remained beyond neonatal period.

With respect to PKD’s etiology, perinatal hypoxia and
infection could result in insufficient intracellular ATP
supplementation. Elevation of arachidonic acid cyclase enhances
the production of prostaglandins such as TXA2 and PGF2q, and
increased lipoxygenase promotes the formation of leukotriene
(13). Production of endothelium-derived contraction factor
increases, in conjunction with a reduction in endothelium-
derived relaxing factor, promoting pulmonary vasoconstriction.
Histamine, angiotensin, and the consumption of nitric oxide
caused by hemolysis are also involved in the generation of PPHN
in neonatal PKD with hypoxia. Proliferation of vascular smooth
muscle would contribute to PPHN.

Hyperbilirubinemia reportedly has some protective effects in
patients with physiological jaundice and early-onset neonatal
sepsis (14), but the sustained reversal of IDIL and DBIL elevation
is also thought-provoking. Identifying the causes of persistent
hyperbilirubinemia is critical in such patients. In the present
patient substantially increased DBIL in the early phase was
considered a consequence of PKD. Elevated IDIL was the
major contributor to hyperbilirubinemia, however, which is the
opposite of the classic clinical PKD manifestation. Based on
genetic testing and molecular diagnosis, PKD was considered
a confirmed diagnosis. An optimal therapeutic strategy was
continuously provided to the patient. Integrated treatment to
reduce IDIL was administered after excluding biliary atresia.
During follow-up the IDIL level dropped to normal, and
continuous hemolysis became the dominant concern, and also
indicated the accuracy of the diagnosis of PKD. Severe perinatal
hemolysis and hypoxia can evidently induce hepatic injury and
damage intralobular canaliculi, which can result in elevated IDIL
(15).

Neonatal jaundice and hyperbilirubinemia are commonly seen
in infants with PKD, and can rapidly progress to hepatocellular
damage and synthetic dysfunction. Early diagnosis is therefore
crucial, but it is not easy to achieve. In the current patient WES

was performed to facilitate an early molecular diagnosis. With the
development of genetic sequencing, more than 300 PKLR gene
mutations located on chromosome 1g21 have been confirmed
to induce PKD. Thus, PKD could be definitively diagnosed
even in neonates only exhibiting partial PKD-related symptoms.
Compared to traditional analysis, WES helps to identify the
radical fact of common symptom, such as hyperbilirubinemia
and pulmonary hypertension. Molecular diagnosis contributes
to identifying rare diseases, and providing targeted therapeutic
strategies. To date the present patient has been given regular
transfusions, and has not suffered iron overload, heart failure due
to extreme anemia, or other complications, demonstrating the
advantages of early genetic testing to identify rare diseases.

CONCLUSION

In conclusion, there are few reported cases of PKD
presenting with PPHN. In patients exhibiting unexplained
hyperbilirubinemia  combined with severe pulmonary
hypertension, WES should be considered as a possible
approach to reach a molecular diagnosis. Molecular genetic
screening is helpful for identifying the genetic causes of
pulmonary hypertension with metabolic disorders. The current
report expands the mutation spectrum of the PKLR gene, and
contributes to the genotype-phenotype map of PKD.
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An Atypical Anomalous Aortic Origin
of the Left Coronary Artery With
Intra-Arterial Wall Course Pretending
a Normal Migration on Imaging
Screening: A Case Report

Fan Hut, Xinyue Wang?, Jiaojiao Want, Yifei Lit, Tao Wang, Kaiyu Zhou, Xiaoqing Shi,
Zhonggqiang Liu, Jie Fang* and Yimin Hua*

Key Laboratory of Birth Defects and Related Diseases of Women and Children of MOE, State Key Laboratory of Oral
Diseases, Department of Pediatrics, National Clinical Research Center for Oral Diseases, West China Second University
Hospital, West China Hospital of Stomatology, Sichuan University, Chengdu, China

Background: An anomalous aortic origin of a coronary artery (AAOCA) has been
considered as a dominant cause of sudden cardiac death (SCD) among young age
children. Therefore, it is critical to identify AAOCA timely to avoid lethal events. Recently,
accumulating cases of right or left coronary arteries originating from inappropriate
locations at the sinus of Valsalva have been identified. Here, we report a rare case
of AAOCA with an intra-arterial wall course pretending normal migration on imaging
screening in a patient who suffered from syncope.

Case summary: A 7-year-old male without a previous history of cardiovascular and
cerebrovascular diseases suddenly suffered from sharp chest pain and syncope after
intensive exercise. The electrocardiogram showed that the ST segment of multiple
leads was depressed by more than 0.05 mV, and biomarkers indicated severe
myocardial injuries. The left ventricular ejection fraction (LVEF) decreased dramatically
to 23%. Fulminant myocarditis and cardiomyopathy were therefore excluded. However,
a relatively normal coronary artery origin, which arose from the left coronary sinus,
presented on echocardiography and cardiac CT angiography (CTA). It is difficult to
draw an association between severe clinical manifestations and slight malformations on
echocardiography and CTA. Furthermore, selective coronary angiography revealed that
an anomalous left coronary artery arose from the superior margin of the inappropriate
sinus, developed an intramural wall course and finally exits the left sinus of Valsalva and
migrated between the aorta and the pulmonary artery, which induced severe myocardial
infarction during exercise. Then, the patient received surgical correction with a modified
unroofing procedure. After 2 months of intensive treatment, the patient was discharged
and remained asymptomatic through 18 months of follow-up.

Conclusion: AAOCA, especially anomalous left coronary artery (ALCA), represents a
major potential risk of SCD. We reported an atypical manifestation of ALCA arising from
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the inappropriate sinus of Valsalva and merging into the intra-arterial wall to develop
a strange course and then sprout between the aorta and the pulmonary artery. The
diversity of AAOCA might present as a relatively normal course under non-invasive
radiological imaging scanning.

Keywords: anomalous aortic origin of a coronary artery, non-coronary sinus of valsalva, intra-arterial wall course,

syncope, case report

INTRODUCTION

Congenital anatomical variation of the coronary artery can
be classified as abnormalities of coronary artery origin,
course, destination, and various vessels (1). Due to the
complex phenotypes of congenital coronary artery malformation,
various clinical manifestations can be observed. Some types
of malformations can be recognized as benign variations, as
coronary artery perfusion and circulation maintain physiological
function. Adverse outcomes occur at a low incidence. However,
in some cases of coronary artery malformation lead to severe
myocardial ischemia and result in recurrent syncope and even
sudden cardiac death (SCD) (2, 3). Moreover, anomalous aortic
origin of a coronary artery (AAOCA) has been considered as a
dominant cause of SCD at a young age (4-6). Therefore, it is
critical to identify AAOCA timely to avoid lethal events.

Recently, several cases of right or left coronary arteries
originating from inappropriate locations at the sinus of Valsalva
have been reported. Generally, the majority of patients with
anomalous left coronary artery (ALCA), which originates from
the sinus of Valsalva, demonstrated poor prognosis, especially
for those patients who suffered from an interarterial segment
coursing between the aorta and the pulmonary artery, predicting
a relatively high incidence of syncope, myocardial infarction
and SCD (7, 8). With the application of CT angiography
(CTA) and cardiac MRI scanning, a greater proportion of
ALCA can be identified with non-invasive protocols (9). The
guidelines for adult treatment of congenital heart disease
issued by the American Cardiology Association (ACC) and
the American Heart Association (AHA) point out that the
treatment for all patients with left coronary arteries originating
from the inappropriate coronary sinus and abnormal course
between the aorta and the pulmonary artery should be surgical
revascularization as early as possible (10). Unfortunately,
AAOCA is often misdiagnosed as fulminant myocarditis or
cardiomyopathy. Therefore, the rapid and accurate diagnosis
of AAOCA is associated with advanced prognosis for such
patients to avoid SCD.

Here, we report a rare case of AAOCA with an intramural
course pretending normal migration on imaging screening who
suffered syncope and SCD. This patient presented a relatively
normal coronary artery migration on echocardiography.
Furthermore, CTA demonstrated significant dysplasia of
the left coronary artery, but it remained in the typical
course. Besides, electrocardiogram (EKG) and cardiac MRI
revealed severe myocardial ischemia. Finally, transcatheter
angiography for the coronary artery was performed to identify
an intramural course of left coronary artery and exits the left

sinus of Valsalva, giving the impression of normal origin by
echocardiography.

CASE PRESENTATION

Ethical Compliance

This report was approved by the Ethics Committee of the West
China Second Hospital of Sichuan University (approval number
2014-034). Informed consent was obtained from the patient’s
parents prior to performing whole exon sequencing and for
the inclusion of the patient’s clinical and imaging details in
subsequent publications.

History of lliness

A 7-year-old boy suddenly suffered sharp chest pain and
syncope during athletic training of fast-running for 5 min.
Timely cardiopulmonary resuscitation (CPR) was performed by
the coach before the arrival of ambulance. The patient was
transferred to our cardiac intensive care unit within 30 min.
The patient denied any history of past cardiovascular and
cerebrovascular illness. His parents also had no positive and
related family history of arrhythmia, cardiomyopathy, congenital
heart disease or coronary artery diseases. However, when
systematically reviewing his past illness history, we found several
transient manifestations of dizziness and amaurosis during
exercise in the most recent year.

Physical, Laboratory, Imaging

Examination, and Surgical Treatment

The patient presented with severe cardiac dysfunction with
NYHA class IV heart function. The initial EKG measurement at
hospital administration showed global ST segment depression of
leads IL, ITI, aVF, and V3-V6 of more than 0.05 mV and abnormal
Q waves (Figure 1), which revealed myocardial ischemia. In
addition, the serum level of cardiac troponin I (cTnl) was
greater than the upper threshold (>50.00 pg/L, n.v. <0.06 jLg/L)
and significantly elevated B-type natriuretic peptide (BNP) at
1157.14 pg/mL (n.v. <100 pg/mL). Fulminant myocarditis was
ruled out based on negative results for all tests for suspected
virus and EKG changes. Echocardiography demonstrated a
normal cardiac structure with a mildly enlarged left ventricle.
However, his left ventricular ejection fraction (LVEF) decreased
dramatically to 23% (Figure 2A). Unfortunately, there was no
evidence of myocardial hypertrophy, pathological ventricular
dilatation, or restriction of cardiac diastolic movements.
Therefore, there was no convincing evidence for a diagnosis
of cardiomyopathy.
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FIGURE 1 | The electrocardiogram global ST segment depression of leads Il Ill, aVF and V3-V6 was more than 0.05 mV, and abnormal Q waves were observed.

According to the diagnostic flow chart for SCD and
myocardial ischemia, any malformation of the coronary artery
was suspected. Therefore, echocardiography was used to scan
the origins of the right and left coronary arteries. In these
images, the right coronary artery clearly presented with normal
formation and lumen diameter (Figure 2B). The origin and
course of the left coronary artery seemed to be normal,
presenting a slightly narrowed lumen diameter (Figure 2C).
However, Doppler demonstrated non-continuous blood flow
in the left coronary artery (Figure 2D), which indicated
dysfunction of the left coronary artery. Vasculitis or dysplasia
of coronary arteries was carefully reviewed. Laboratory tests
demonstrated normal levels of C-reactive protein, ESR, anti-
O-streptolysin, cytokines (including IL2, IL-6, IL-12, and TNF-
o) and autoimmune antibodies, which excluded a diagnosis
of vasculitis. CTA was performed to determine the overall
shape of the left coronary artery. The results of CTA from
diverse sections of the heart revealed that the left coronary
artery originated from an abnormal location at the superior
and posterior sites in the left coronary sinus (Figure 3A).
Importantly, the CTA images presented dysplasia of the
left coronary artery (Figures 3B-D). So that, ALCA-induced
coronary artery dysplasia had been suspected. Furthermore,
cardiac MRI demonstrated significant myocardial ischemia and
fibrosis in the left ventricular wall (Figure 3E).

To further validate the results obtained from CTA,
transcatheter angiography was performed. Angiography at
the root of the aorta showed that the right coronary artery could
be perfused with contrast agent, but the left coronary artery was
missing (Figure 4A). Selective right coronary artery angiography

demonstrated a dilated right coronary artery (Figure 4B). Delay
radiological exposure revealed that the left ventricle could be
supplied by the right coronary artery, which was considered
right coronary artery-dependent left coronary artery circulation
(Figure 4C). Compared to the CTA images, angiography
illustrated the left coronary artery originated from the non-
coronary sinus (Figure 4D). However, a strange curve, such as
migration of the origin of the left coronary artery, was observed
by angiography at a superior location (Figure 4E). Then, the left
coronary artery could be perfused as an extremely low volume
(Figure 4F). Thus, we suspected that the left coronary artery
originated from the non-coronary sinus with a long intramural
course exits the left sinus of Valsalva, giving the impression of
normal origin by echocardiography.

After that, the patient immediately received surgical
correction with a modified unroofing procedure. AAOCA from
the non-coronary sinus of Valsalva with an initial intramural
segment was diagnosed intraoperatively as well, which matched
our suspicion based on angiography. The intramural wall
segment finally exited from the margin of the left-right-coronary
sinus, generated a sharp angle and coursed between the aorta
and the pulmonary artery with general severe stenosis, resulting
in severe coronary artery dysplasia (Figure 4G). After surgery,
aspirin, diuretics and angiotensin-converting enzyme inhibitors
were administered for a long time. Cardiac MRI post-surgery
presented a normal myocardial perfusion (Figure 3F).

Molecular Results
To exclude any genetic mutation-induced cardiomyopathy or
syndrome, whole exon sequencing (WES) was performed.
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FIGURE 2 | The echocardiographic presentation. (A) Left ventricular ejection fraction (LVEF) decreased dramatically to 23%. (B) The right coronary artery presented
clearly with normal formation and lumen diameter. (C) The origin and course of the left coronary artery seemed to be normal, with a related narrowed lumen
diameter. (D) Doppler demonstrated a non-continuous blood flow in the left coronary artery. RCA, right coronary artery; LCA, left coronary artery.

A peripheral blood sample was obtained from the patient in
an ethylenediaminetetraacetic acid anticoagulant blood sample
tube and then stored at 4°C for less than 6 h. DNA was
extracted using the Blood Genome Column Medium Extraction
Kit (Tiangen Biotech, Beijing, China) in accordance with the
manufacturer’s instructions. Protein-coding exome enrichment
was performed using the xGen Exome Research Panel v.1.0.
Whole exon sequencing was performed using the NovaSeq
6000 platform (Illumina, San Diego, CA, United States), and
the raw data were processed using FastP to remove adapters
and filter out low-quality reads. Paired-end reads were aligned
to the Ensembl GRCh38/hg38 reference genome using the
Burrows—Wheeler Aligner. Variant annotation was performed
in accordance with database-sourced minor allele frequencies
(MAFs) and practical guidelines on pathogenicity issued by the
American College of Medical Genetics. The annotation of MAFs
was performed based on the 1,000 Genomes, dbSNP, ESP, ExAC,
Provean, Sift, Polypen2_hdiv, Polypen2_hvar, and Chigene in-
house MAF databases using R software (R Foundation for
Statistical Computing, Vienna, Austria). After retrieving all
the potential variants based on WES, there was no identical
genic mutation related to his clinical phenotype identified,
and the patient was negative for any proven cardiomyopathy

or familial inheritance of arrhythmia-associated mutations.
Additionally, potential metabolic disorders were also excluded by
the WES analysis.

Outcome and Follow-Up

After 1 month of intensive care and positive treatment,
the patient was discharged and remained asymptomatic for
myocardial ischemia. However, cardiac function could not
recover to normal levels, and follow-up echocardiography
demonstrated a drop in LVEF of 40-45%. During his 18-
month follow-up, the patient was engaged in slight and mild
exercise only. The markers of myocardial injuries recovered
gradually, and the ST segment of EKG returned to baseline level.
Furthermore, myocardial fibrosis was terminated according to
the cardiac MRI scanning at 1 year post operation.

DISCUSSION

Cardiogenic syncope is one of the most dangerous presentations,
which leads to high potential onset of SCD, threatening
healthy outcomes among high-risk populations. Genetic
and environmental factors are identified to be involved in
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descending; LCX, left circumflex.

FIGURE 3 | Cardiac CTA and MRI imaging. (A) Left coronary artery originated from an abnormal location at the superior and posterior sites in the left coronary sinus.
(B-D) LAD and LCX demonstrated severe dysplasia under several sections of CTA. (E) Cardiac MRI demonstrated significant myocardial ischemia and fibrosis in the
left ventricular wall before surgical correction. (F) Cardiac MRI image after surgical correction revealed a normal perfusion. LCA, left coronary artery; LAD, left anterior

the events of syncope or SCD attacks. Typically, critical
arrhythmia, hypertrophic cardiomyopathy, congenital heart
malformation and congenital or required coronary artery disease
are significantly associated with attacks of SCD (11). In an
autopsy study of college athletes who suffered SCD, congenital
coronary artery malformation was the top identified reason

responding for this adverse event (12). Therefore, AAOCA
should be considered in young patients with unexplained
as the top cause.

Traditionally, congenital anatomical variation of the coronary
artery can be classified as abnormalities of coronary artery
origin, course, destination, and various vessels. AAOCA generally
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FIGURE 4 | Coronary angiography images. (A) Angiography at the root of the aorta. The right coronary artery could be perfused with contrast agent, but the left
coronary artery was missing. (B) Selective right coronary artery angiography demonstrated a dilated right coronary artery. (C) Delay radiological exposure revealed
that the left ventricle could be supplied by the right coronary artery, which was considered the right coronary artery-dependent left coronary artery circulation. (D) The
angiography failed to illustrate the left coronary artery in the left coronary sinus. (E) A strange curve-like migration of the origin of the left coronary artery by
angiography at a superior location. (F) Then, the left coronary artery could be perfused at an extremely low volume. (G) Anatomic aspect of the axial section of aortic
and pulmonary valves and left coronary artery arising from the non-coronary sinus of Valsalva with an intramural segment course. RCA, right coronary artery; LCA,
left coronary artery; R, right coronary sinus; L, left coronary sinus; N, non-coronary sinus; P, pulmonary artery.

w

RCA dependent
LCA circulation

“g

refers to a kind of congenital coronary artery malformation
in which the left or right coronary artery fails to originate
normally from the corresponding aortic sinus, with or without
an intramural course (13). AAOCA is caused by the deviation
of the arterial trunk separation in the embryonic stage and
the abnormal development or incomplete development of the
coronary artery (14). While most coronary anomalies are benign,

among AAOCA subtypes, ALCA arising at or above the right
sinus of Valsalva with an intramural course between the aorta
and the pulmonary artery has been commonly considered the
most fatal type in prior studies (15-17). In addition, the existing
angle between the coronary ostium and proximal segment has
also been emphasized as a crucial risk factor in SCDs (18). The
most common pathogenic mechanisms of coronary dysfunction
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related to the intramural coronary course are identified as
variable lateral compression and stenosis inside the aortic
tunica media (19). This compression can present at the rest
stage or display when performing intensive exercise. However,
the formation of lateral branches that originate from the
“right” coronary artery can improve compensatory circulation,
rescue the ischemic regions, and relieve symptoms. Sometimes,
functional compensation for a healthy coronary artery causes
delayed diagnosis and surgical treatment for AAOCA. The
failure to diagnose AAOCA leads to recurrent attacks of
syncope, resulting in irreversible myocardial ischemia and SCD.
Moreover, AAOCA can be easily misdiagnosed as fulminant
myocarditis or cardiomyopathy without detailed coronary artery-
based radiographic examination. Therefore, it is challenging to
identify AAOCA patients early.

Currently, individuals who are suspected with AAOCA are
recommended to undergo transthoracic echocardiography, non-
invasive coronary CTA and cardiac MRI. The combination of
several imaging strategies is reasonable to better screen the
coronary artery anatomy and to achieve an accurate diagnosis
in children (20). In most cases, coronary CTA can identify
the location of the anomalous origin, details of the intra-
arterial segment, and the angle between the coronary ostium and
proximal segment (21, 22). Cardiac MRI has the advantages of
providing coronary artery and functional imaging, particularly
in evaluating the area and severity of myocardial infarction, and
illustrating the course of coronary arteries in most patients (23).
Moreover, transcatheter angiography could provide an adjunct
to determine the detailed coronary artery anomalies. However,
it is an invasive examination, which limits its application as a
routine method, as CTA and cardiac MRI might achieve the
imaging goal in most cases. In this case, the combination of
coronary CTA and cardiac MRI (non-invasive protocol) failed to
demonstrate the accurate origin and course of the left coronary
artery due to the extreme severity of intramural stenosis and the
unique coronary existing. Therefore, non-invasive examination
could not identify the real reason for myocardial ischemic attack.
On this occasion, more reliable measurements of intramural
segments were obtained by transcatheter angiography (invasive
protocol), which is the most recommended method of classifying
the anatomical structure and severity of AAOCA, and benefit the
strategy design for surgical treatment.

Therefore, proper selection for non-invasive and invasive
protocols is critical for coronary anatomic and functional
evaluation. Early recognition and intervention could
reduce malignant events. The unroofing technique has
been confirmed as a safe and reliable surgical method for
ALCA (24, 25). However, how to treat asymptomatic patients
with incidental findings of ALCA from the opposite sinus
with an inter-arterial course is still controversial. Avoiding
strenuous activity is recommended in all left coronary
arteries originating from the inappropriate coronary sinus,
and surgical revascularization should be performed as
early as possible in symptomatic cases before transient
dizziness and amaurosis frequently appear during exercise,
as these symptoms imply an intramural or inter-arterial
course between the aorta and the pulmonary artery, with or

without a narrow angle between the coronary ostium and
proximal segment.

CONCLUSION

In summary, AAOCA, especially ALCA, presented a major
potential risk of SCD. Here, we report an atypical manifestation
of ALCA arising from the inappropriate sinus of Valsalva and
merging into the intramural to develop a strange course and
then sprouting between the aorta and the pulmonary artery.
However, normal echocardiography and CTA failed to reveal
malformation of the left coronary artery. Finally, angiography
and observation during surgical treatment both confirmed this
diagnosis. Therefore, the diversity of AAOCA might result in a
relatively normal course under non-invasive radiological imaging
scanning. Further angiography would be necessary for significant
separation between clinical manifestations and imaging tests.
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An Adolescent Patient With
Idiopathic Pulmonary Arterial
Hypertension Weaned Off
Intravenous Epoprostenol Following
Treatment With Selexipag: A Case
Report

Ayako Chida-Nagai, Takao Tsujioka, Daisuke Sasaki, Gaku Izumi, Hirokuni Yamazawa
and Atsuhito Takeda*

Department of Pediatrics, Hokkaido University Hospital, Sapporo, Japan

Idiopathic pulmonary arterial hypertension (PAH) is a rare, progressive disease affecting
the pulmonary arteries. Epoprostenol, a synthetic prostaglandin analog, is the most
potent pharmacological treatment modality used in patients with PAH. However, it
requires continuous intravenous infusion, which negatively impacts the patient’s quality
of life and frequently results in complications, such as catheter-related bloodstream
infection. We weaned an adolescent female patient off epoprostenol by gradually
introducing oral selexipag over a sustained period, following many years of continuous
intravenous epoprostenol use alone. Oral selexipag might have an efficacy comparable
to epoprostenol in young patients with PAH.

Keywords: pulmonary arterial hypertension, epoprostenol, drug transition, adolescence, selexipag

INTRODUCTION

An adolescent female patient with idiopathic pulmonary arterial hypertension (PAH) was being
treated with epoprostenol; however, the PAH remained severe. When she was 14 years of age, oral
selexipag was added to her regimen of epoprostenol, and her condition improved. At the age of
17 years, the patient was weaned off epoprostenol. This method of switching and weaning off has
the potential to improve the quality of life of young patients with idiopathic PAH.

CASE PRESENTATION

The patient was born at 41 weeks fetal age by normal vaginal delivery; her birth weight was 3,200 g,
and there was no history of neonatal asphyxia. She was apparentlyasymptomatic until the age of
5 years, when, after crying, her face went pale and her level of consciousness transiently decreased.
A heart murmur and cough were noted during a medical check-up performed immediately after the
event, and she was admitted to our hospital for further investigation. After a thorough examination,
including ultrasound cardiography and cardiac catheterization (Table 1), she was diagnosed with
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TABLE 1 | Cardiac catheterization result at 5 years of age.

PA pressure (mmHg) 85/58 (77)
PA wedge pressure (mmHg) 8

LV (mmHg) 97/EDP11
RV (mmHg) 86/EDP18
Rpl (Woods units-m?) 40.7
C.I. (/min-m?) 2.2

EDP end-diastolic pressure.

idiopathic PAH. She had no family history of PAH. Genetic
testing revealed no pathological variants in BMPR2, ACVRLI,
ENG, SMAD9, CAV1, KCNK3, and EIF2AK4, which are the genes
responsible for heritable PAH. Although beraprost, sildenafil,
and bosentan were administered, her dyspnoea continued
to worsen, and she developed pulmonary hypertensive (PH)
crisis. Three months after the initial diagnosis, she underwent
cardiac catheterization to facilitate the initiation of epoprostenol
therapy. When intravenous anesthesia was administered prior
to the insertion of the cardiac catheter, she suffered an acute
PH crisis again and went into cardiopulmonary arrest. Two
days after she was weaned off cardiopulmonary support, a
computed tomography scan of the head revealed extensive
cerebral infarction. Hypoxic encephalopathy was confirmed,
and tracheostomy, central venous (CV) catheter implantation,
gastrostomy, as well as Nissen fundoplication were subsequently
performed. Thereafter, the patient was transferred to a long-term
care facility, where she was followed up with increasing doses

of epoprostenol, bosentan, and sildenafil. At the age of 6 years,
beraprost was discontinued.

At 11 years of age, she had a catheter-related bloodstream
infection and was treated by antibiotics. At 13 years of age,
she was switched from sildenafil to tadalafil, owing to tadalafil’s
longer half-life in comparison to sildenafil and its once-daily-
dose effectiveness. Even after increasing the dose of epoprostenol
during subsequent outpatient visits, the estimated systolic right
ventricular pressure on ultrasound cardiography was comparable
to the systolic left ventricular pressure. Therefore, when she was
14 years of age, she was admitted to our hospital, and treatment
with selexipag was initiated. After titration of selexipag to
0.8 mg/day, ultrasound cardiography showed that the estimated
systolic right ventricular pressure improved to approximately
50% of the systolic left ventricular pressure (Figure 1). At
the age of 15 years, her CV catheter broke and had to be
replaced. At 17 years of age, we increased the dose of selexipag
to 2.8 mg/day and decreased the dose of epoprostenol from
31 to 10 ng/kg/min (Figure 2). Shortly thereafter, there were
two more instances of catheter-related bloodstream infection;
thus, we decided to begin the process of weaning her off
epoprostenol. After increasing the dose of selexipag to the
maximum daily dose (3.2 mg/day), epoprostenol was tapered and
discontinued over a period of 2 weeks. After the discontinuation
of epoprostenol, the estimated right ventricular pressure as
perultrasound cardiography was approximately 60% of the
left ventricular pressure (Figure 2). The patient had hypoxic
encephalopathy and was, thus, unable to complain of headache,
jaw pain, or other symptoms. Therefore, it was difficult to

Replacement of damaged
central venous catheter

U

2 247

Selexipag
(mg/day)
Epoprostenol S 29
(ng/kg/min)
Bosentan 125 mg/day
Tadarafil 30 mg/day
1.25
1
Estimated
systolic 0.75
RVp/LVp
by UCG
0.5
0.25
day 0 1month 3 months

FIGURE 1 | Timeline of selexipag initiation at the age of 14-16 years. Day 0 indicates the day on which selexipag was initiated. RVp, right ventricular pressure; LVp,

left ventricular pressure; UCG, ultrasoundcardiography.
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FIGURE 2 | The drug transition timeline at the age of 17 years. Day 0 indicates the day on which the dose of selexipag was increased to 1.6 mg/day. RVp, right

ventricular pressure; LVp, left ventricular pressure; UCG, ultrasoundcardiography.
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determine whether there were any adverse side effects from
increasing the dose of selexipag. However, we proceeded with
the drug transition while monitoring her facial expressions, pulse
rate, blood pressure, and sleep status, and determined that there
were no severe adverse reactions. Brain natriuretic peptide levels
in the blood remained below detectable ranges throughout the
clinical course.

DISCUSSION

Pulmonary vasodilators used to treat PAH are classified into
three types based on their pathway of action: the endothelin
pathway, the nitric oxide pathway, and the prostacyclin pathway
(1). Epoprostenol was the first prostanoid to be approved as a
PAH-specific drug, and many patients have benefited from its
use (2). However, due to its short half-life, it requires continuous
intravenous infusion. This makes its use restrictive in daily life
and, as seen in this case, can lead to complications, such as CV
catheter breakage and catheter-related bloodstream infections.
Thus, the development of an effective oral PH treatment
comparable to epoprostenol is the need of the hour.

Selexipag is a relatively new oral prostacyclin receptor agonist,
which was approved for use in Japan in 2016. Its safety and
efficacy have been established in pediatric patients with PAH
(3,4).

To our knowledge, our patient is the first adolescent with PAH
who was successfully weaned off epoprostenol with the addition

of selexipag over a prolonged duration of time. There have been
several recent reports regarding this drug transition in adults with
PAH (5, 6). We took an extended period of time to carefully
transition this patient from her regimen of epoprostenol to stand-
alone treatment with selexipag, given that she was a child and
suffered from hypoxic encephalopathy. The long-term course of
this patient, who has only recently been transitioned to stand-
alone selexipag, will need to be closely monitored in the future.

A concern in this case report is that no cardiac catheterization
was performed before or after the transition from epoprostenol
to selexipag. This is because cardiac catheterization in this
patient was prohibited, following the cardiopulmonary arrest that
occurred during cardiac catheterization at the age of 5 years;
however, frequent ultrasound cardiography was used to safely
monitor drug transition.

Herein, the estimated systemic right ventricular pressure
on ultrasound cardiography decreased from the time of initial
selexipag induction (0.8 mg/day), indicating a sensitive response.
It is expected that there will be variability in the response of
patients to selexipag. Further investigation is warranted in larger
populations, besides the two available pediatric studies (3, 4) to
assess the efficacy across a more diverse sample size.

In conclusion, we demonstrated that the transition from
epoprostenol to selexipag can be safely performed in an
adolescent patient with PAH. The extended duration of transition
helps better analyze potential complications and drug response.
Individualized assessment of cases is critical to identify patients
with PAH in whom this transition is feasible.
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With Syncope: A Case Series

Yumeng Gao', Qingyou Zhang', Yan Sun and Junbao Du*

Department of Pediatrics, Peking University First Hospital, Beijing, China

Objective: This study is aimed to analyze the characteristics of congenital anomalous
origin of coronary artery in pediatric patients with syncope.

Methods: A total of eight patients were retrospectively analyzed from August 2018
to August 2020 who were admitted to the Peking University First Hospital with the
complaint of syncope and were diagnosed with congenital coronary artery disease.

Results: In total, eight patients were included in the study with a median age of
12.5 £ 2.7 (8-16) years. In total, four of them were males, and four were females.
Six of the eight patients were diagnosed with right anomalous coronary artery from
the opposite sinus (R-ACAQOS), while two patients were diagnosed with left anomalous
coronary artery from the opposite sinus (L-ACAQOS). The most frequent inducement was
exercise, and the commonest prodromes were dizziness and blurred vision. Serum
cardiac markers and exercise electrocardiography test (EET) were normal in seven of
the patients. The majority of cases had abnormal electrocardiograms (ECGs), but only
two of them manifested elevated/depressed ST-T segments. In total, seven patients
had positive head-up tilt test (HUT). Echocardiography and coronary artery computed
tomography angiography (CTA) were performed to aid the diagnosis. Coronary unroofing
procedures were conducted in four patients, and none of them reported syncope after
the surgery. The other four patients received routine medical treatment for vasovagal-like
syncope. In total, two patients out of them became asymptomatic, and in the other two
patients, episodes of syncope were reduced, but they still required medical treatment.

Conclusion: Congenital coronary artery anomalies in children with syncope need
prompt attention. Though ECG and echocardiography are the common methods for
investigating cardiac syncope, they have limited ability to find coronary artery anomalies.
When coronary artery anomalies are suspected, coronary CTA should be considered.

Keywords: syncope, pediatric, coronary artery disease, anomalous aortic origin of a coronary artery, bezold-
jarisch reflex

INTRODUCTION

Syncope is defined as a sudden loss of consciousness caused by global hypoperfusion of the brain
(1, 2). Its incidence is 15-25% in children, predominantly occurring in female child (3). The relapse
rate of syncope is as high as 33-51% within 5 years (3). Etiologies of transient loss of consciousness
in the young include vasovagal syncope (70-80%), psychogenic and unexplained diseases (20%),
and cardiovascular diseases (2-3%) (4). Though cardiac syncope comprises a small proportion of
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the pediatric syncope, it is often associated with high mortality
due to sudden cardiac death (SCD), and hence requires urgent
assessment and treatment (5). Cardiac diseases leading to
syncope include arrhythmias, cardiac tumors, and structural
heart diseases. Structural heart disease is classified into coronary
artery anomalies, valvular heart disease, hypertrophic obstructive
cardiomyopathy, idiopathic pulmonary hypertension, etc (6, 7).
After combining thorough history, physical examination, and
ECGs, nearly 50% of the cases can be diagnosed (5). Moreover,
echocardiography and Holter-monitoring can contribute to
confirming the etiological diagnosis of cardiac syncope. However,
some coronary artery anomalies with no special medical history
or abnormal imaging results may be difficult to diagnose through
a routine approach. To improve the evaluation and management
of the disease, we present the case series of eight children suffering
from congenital coronary artery disease with syncope.

MATERIALS AND METHODS

We retrospectively reviewed all the 371 pediatric patients
hospitalized with the chief complaint of syncope from
August 2018 to August 2020 and found that eight (2.2%)
patients were diagnosed with congenital coronary artery
disease through coronary CTA or coronary angiography.
Criteria used for coronary CTA were (1) high probability
of cardiogenic syncopes, such as exercise-related syncope
and syncope with a previous history of Kawasaki disease;
(2) children with symptoms suggestive of coronary
artery disease, such as syncope with chest pain. Personal
details and clinical history of the patients were recorded,
including age, gender, clinical manifestations, laboratory
examinations (e.g., serum CK-MB, c¢Tnl, and BNP), ECG,
echocardiography, coronary CTA, etc. The follow-up period
was 12-34 months (Table 2). Descriptive analysis was used to
analyze the data.

RESULTS

Clinical Characteristics
In total, eight patients were included in the study with a
median age of 12.5 £ 2.7 (8-16) years. In total, four of

them were men, and four were women. Six of them were
diagnosed with the right anomalous coronary artery from
the opposite sinus (R-ACAOS), while two were diagnosed
with the left anomalous coronary artery from the opposite
sinus (L-ACAOS). The clinical history and manifestations
are shown in Table 1. The triggers of syncope were exercise
(three cases) and postural change (three cases). However,
no obvious trigger was found in four patients. Six children
complained of prodromes before syncope, predominantly
dizziness and blurred vision. Concomitant symptoms such
as incontinence and limb twitching were not reported.
The duration of syncope was usually short, lasting from a
few seconds to 3 min. A family history for syncope was
present in one patient.

Serum Cardiac Markers

Myocardial necrosis biomarkers were measured routinely in
all the 371 patients admitted to our hospital. The serum
measurements were done 0-2 days after the syncope in all the
eight patients. Serum cardiac markers (CK, CK-MB, and cTnlI)
were normal in seven patients. Myocardial necrosis biomarkers
were significantly elevated in one patient (CK 1789IU/l, CK-MB
140IU/1, and cTnl 9.92 ng/ml).

Electrocardiograms

All the patients underwent routine 12-lead ECG and 24-h
ambulatory electrocardiogram (Holter), and abnormal ECGs
were recorded in most patients (Figure 1 and Table 2). The
abnormalities included single premature ventricular contraction
in two cases, ST-T changes in two cases, sinus arrest in one
case, prolonged QT interval in one case, and axis deviation in 1
case. EET was conducted in six cases revealed no other abnormal
results except abnormal ECG at rest.

Head-Up Tilt Test

Head-up tilt test was conducted on seven patients. They were
placed in the upright position, tilted upward at an angle of
60° and supine position, with simultaneous monitoring of heart
rate, blood pressure, and ECG (8). All of the seven cases
had positive findings. In total, five cases were found to have
postural tachycardia syndrome (POTS), one case had orthostatic

TABLE 1 | Clinical history and manifestations.

Patient Gender Age (year) Course of illness = Number of Syncope during Syncope after Precursor Duration of Family history
number (month) episode exercise postural change syncope (min)

1 F 10 24 1 + + 1

2 M 14 4 5 + <1

3 F 15 12 2 + + + 2

4 M 11 84 20 + <1 +

5 M 14 6 3 - <1

6 F 16 72 2 + + + <1

7 M 8 2 1 - <1

8 F 10 12 2 + + 3

Gender: F, female, M, male.
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FIGURE 1 | Electrocardiogram (ECG)/Holter ECG of eight patients. (A) Single premature ventricular contraction in Patient 1. (B) ST-T elevated in patient 2. (C) Single
premature ventricular contraction in patient 3. (D) Normal ECG of patient 4. (E) Sinus arrest in patient 5. (F) Left axis deviation in patient 6. (G) QTc 0.50 s in patient

hypertension, and one case had vasovagal-like syncope (vaso-
inhibitory type) (Table 2).

Echocardiography

Echocardiography was done in all the cases, two of them were
found to have coronary artery anomalies, and two had left atrium
and/or ventricle enlargement.

Coronary Computed Tomography
Angiography

Coronary CTA was conducted to characterize coronary artery
disease and detect coronary artery stenosis. From 1 August 2018
to 1 August 2020, coronary CTAs were performed on 74 patients
in our hospital, and eight of them were diagnosed with AAOCA.
We found that all the eight patients had intramural segments
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TABLE 2 | Laboratory and imaging findings, treatment, and prognosis.

Patient Myocardial ECG/Holter ECG HUT Echo Coronary artery Treatment Follow-up Prognosis
number necrosis CTA/Angiography period
biomarkers (month)
1 - Single premature POTS Tiny branch of Interarterial R-ACAOS with no  Beta-blocker 21 Less syncope
ventricular coronary artery obvious stenosis
contraction
2 - ST-T elevated POTS  Tricuspid Interarterial R-ACAOS with Coronary 34 No symptom
regurgitation proximal RCA stenosis unroofing
surgery
3 - Single premature POTS L-ACAOS Interarterial L-ACAOS with Coronary 27 No symptom
ventricular proximal LCA stenosis unroofing
contraction surgery
4 - Normal POTS Left superior vena  Interarterial R-ACAOS with no  Functional 24 No symptom
cava obvious stenosis exercise, ORS
5 = Sinus arrest OHT  Left atrium and Interarterial R-ACAOS with Functional 23 No symptom
ventricle proximal RCA stenosis exercise, ORS
enlargement
6 - Left axis deviaton WS Tricuspid Interarterial R-ACAOS with Alpha-1 26 Less syncope
regurgitation proximal RCA stenosis adrenergic
agonist
7 - QTc 0.50 s POTS Normal Interarterial R-ACAQOS with Coronary 22 No symptom
proximal RCA stenosis unroofing
surgery
8 + ST-T depressed / Left atrium Interarterial L-ACAOS with Coronary 12 No symptom
enlargement proximal LCA stenosis unroofing
surgery

ECGs, electrocardiograms; HUT, head-up tilt test; CTA, computed tomography angiography; POTS, postural tachycardia syndrome; OHT, orthostatic hypertension; VVS,
vasovagal-like syncope; R-ACAQS, right anomalous coronary artery from the opposite sinus; L-ACAOS, left anomalous coronary artery from the opposite sinus; Echo,
echocardiography; RCA, right coronary artery; LCA, left coronary artery; ORS, oral rehydration salt.

and different degrees of coronary artery narrowing (Figure 2 and
Table 3). The ostial type was a separate ostium, and the take-oft
angle was less than 45° in all the cases (Table 3).

Treatment and Prognosis

Coronary unroofing procedures were performed on four patients
(patient number 2, 3, 7, and 8), and none of the patients
complained of syncope after the surgery. The rest of the four
patients received treatment, such as functional exercise, oral
rehydration salts (ORSs), beta-blocker, and alpha-1 adrenergic
agonists. All the symptoms resolved in two patients (patient
number 4 and 5), and they stopped treatment. The other two
patients (patient number 1 and 6) suffered from fewer syncopal
episodes than before and still needed medication (Table 2).

DISCUSSION

Though syncope caused by coronary artery disease among
children has a low incidence, it poses a significant risk to
their health. Anomalous aortic origin of a coronary artery
(AAOCA) is one of the most common congenital coronary artery
anomalies and can manifest as syncope in children. AAOCA
is the second most common cause of sudden cardiac death
(SCD) in young athletes (9). From 1 August 2018 to 1 August
2020, there were 371 children admitted to our hospital with
syncope as the chief complaint, and 8 (2.2%) were diagnosed with
congenital coronary artery disease. All of them were found to

have AAOCA, and the incidence is higher than in the newborns
(0.64%) (10) or in the asymptomatic children (0.17%) (11). Thus,
syncope is an important clinical symptom of congenital coronary
disease in children.

Anomalous aortic origin of a coronary artery can further
be classified into five subtypes: interarterial, subpulmonic
(intraconal or intraseptal), pre-pulmonic, retroaortic, and
retrocardiac (12). L-ACAOS is generally associated with a high
risk of SCD, and the benefits of revascularization in L-ACAOS
patients likely outweigh the risks (12, 13). The study by
Cheezum reported that R-ACAOS patients with interarterial
compression suffered from more frequent syncopal episodes
and chest pain than AAOCA without interarterial compression
(3, 12). In another study by Kaushal (13), symptomatic
patients with AAOCA had a longer intramural course than
asymptomatic patients with AAOCA. These findings suggest that
the appearance of symptoms is affected by the degree to which the
ectopic artery is compressed. In total, eight patients in our study
were diagnosed with AAOCA (interarterial type) with different
levels of interarterial compression. Moreover, all of them were
symptomatic. Studies have revealed that clinical manifestations of
AAOCA vary from asymptomatic, palpitation, chest discomfort,
cardiac syncope, and acute myocardial infarction to sudden death
(12, 14). Whether there is a positive correlation between the
severity of symptoms and the degree of coronary compression has
not been elucidated.

Exercise stimulates myocardial contraction, thus, compressing
the intramural vessels. Compressed coronary artery leads to
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FIGURE 2 | Computed tomography angiography (CTA) of six patients. Black
arrows indicate the interarterial course between the aorta and pulmonary
artery. (A) Interarterial R-ACAOS with no obvious stenosis (Patient 1).

(B) Interarterial R-ACAOS with proximal RCA stenosis (Patient 2).

(C) Interarterial R-ACAOS with no obvious stenosis (Patient 4). (D) Interarterial
R-ACAOS with proximal RCA stenosis (Patient 6). (E) Interarterial R-ACAOS
with proximal RCA stenosis (Patient 7). (F) Interarterial L-ACAOS with proximal
LCA stenosis (Patient 8).

ischemia of the heart conduction system and cardiomyocytes,
resulting in arrhythmia and decreased myocardial contractility,
respectively. Consequently, cardiac ejection fraction decreases,
and hence, blood flow to the brain is diminished. This results in
a syncopal attack. This pathogenesis may be accountable for the
syncope during the exercise in three of the patients in our study.
Syncope during exercise is an indicator of coronary disease.

However, three patients suffered from syncope after a sudden
postural change, and seven patients had positive HUT findings,
suggestive of vasovagal-like syncope. Although clinical features
suggest vasovagal-like syncope, it is essential to rule out cardiac
syncope before the diagnosis is confirmed. Further investigation
and follow-up are essential in such cases (15-17).

Electrocardiogram changes in AAOCA are also significant in
diagnosing interarterial compression. There may be no typical
characteristics at rest, while short-lived myocardial ischemia
caused by compressed coronary artery after exercise may appear
as the abnormal QRS wave and the change of ST-T in ECG.
Severe or continued compression also results in the elevation of
myocardial necrosis biomarkers. So, when increased myocardial
necrosis biomarkers or depressed/elevated ST-T in ECG are
observed, especially after exercise in a child with syncope and
AAOCA, it is strongly suggestive of syncope due to AAOCA.
But even in the absence of the elevated myocardial necrosis
biomarkers or changed ST-T in ECGs, the possibility of cardiac
syncope cannot be excluded. The normal levels of myocardial
necrosis biomarkers and the normal EET findings in our
study may be due to very mild coronary artery compression,
transient coronary stenosis, and the fact that these tests were
not conducted during the ischemia. Two patients (the third
and eighth) suffered from syncope during exercise, and we
found that both of them suffered from interarterial L-ACAOS
with proximal LCA stenosis. Considering the potential risks
associated with EET, we did not recommend EET in these
two cases. Some studies demonstrate that a normal EET
result can not preclude SCDs (18). For those cases with
strong evidence of cardiac ischemia, more sensitive and specific
methods such as stress echocardiography or nuclear myocardial
perfusion imaging may be necessary. Echocardiography is a
common modality to evaluate suspected or confirmed cardiac
disease as an inexpensive, efficient, non-invasive, and widely
available modality. However, echocardiography plays a limited

TABLE 3 | Coronary artery computed tomography angiography (CTA).

Patient Coronary artery CTA Intramural segment Proximal vessel Take off angle Ostial type

number length (mm) morphology

1 Interarterial R-ACAOS with no obvious stenosis 2 Normal <45° Separate
ostium

2 Interarterial R-ACAOS with proximal RCA stenosis 5 Oval <45° Separate
ostium

3 Interarterial L-ACAOS with proximal LCA stenosis 3 Oval <45° Separate
ostium

4 Interarterial R-ACAOS with no obvious stenosis 2 Normal <45° Separate
ostium

5 Interarterial R-ACAOS with proximal RCA stenosis 5 Oval <45° Separate
ostium

6 Interarterial R-ACAOS with proximal RCA stenosis 8 Oval <45° Separate
ostium

7 Interarterial R-ACAOS with proximal RCA stenosis 3 Slit-like <45° Separate
ostium

8 Interarterial L-ACAQOS with proximal LCA stenosis 2 Oval <45° Separate
ostium

CTA, computed tomography angiography; R-ACAQS, right anomalous coronary artery from the opposite sinus; L-ACAOS, left anomalous coronary artery from the

opposite sinus; RCA, right coronary artery; LCA, left coronary artery.
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role in evaluating AAOCA due to its minimal ability to
visualize surrounding structures, limited dynamic imaging, low-
spatial resolution, dependence on body habitus, and operator
competence (12). CTA, which is the Class I-indicated test used
to image AAOCA, is still a preferred modality (18). Coronary
CTAs were performed on 74 patients in our hospital, and eight
(10.8%) of them were diagnosed with AAOCA. It signifies that
coronary CTA plays a vital role in diagnosing syncope caused by
coronary disease.

The management of AAOCA depends on the symptoms or
diagnostic evidence of coronary ischemia due to the anomalous
coronary artery. Surgery is the Class I-indicated treatment in
such cases in R-ACAOS or L-ACAOS (18-20). In L-ACAOQOS,
even without ischemic symptoms or diagnostic evidence, surgery
is recommended (Class IIa) because it is associated with a
higher risk of SCD (18-20). However, in patients with R-ACAOS
without ischemic symptoms or diagnostic evidence, surgical
intervention is not proven to alter the risk of SCD. Thus,
the management option for these patients is still controversial
and watchful waiting, and also surgery is Class IIb-indicated
(18-20). In our study, two patients with L-ACAOS and two
patients with symptomatic R-ACAOS underwent coronary
unroofing surgery and were relieved of syncope after the
surgery. The other four patients with symptomatic R-ACAOS
also had the indication for surgical treatment, but they denied
surgery. These patients were observed on follow-up visits
and received conservative treatment, though the possibility of
opting for surgery in the future was explained to them. We
observed that BJR activation, one of the main mechanisms
for vasovagal syncope, could also exist in AAOCA. Thus,
the syncope attributable to AAOCA might be associated not
only with decreased coronary flow but also with vasovagal-like
syncope. In our study, two patients of AAOCA with proximal
coronary stenosis receiving treatment for vasovagal-like syncope
reported reduced or no syncopal episodes during the follow-up
period. This suggests that vasovagal response may also be an
etiology for syncope.

There are also some limitations in our study. AAOCA may
be underestimated in our study due to a limited number of
patients undergoing echocardiography and CT scan. We propose
that the reason for the low-diagnosis rate of echocardiography
is that the routine echocardiography does not include coronary
examination in some hospitals of China. One of the primary
significances of this study is to emphasize that in addition to
routine echocardiography, further attention should be paid to the
detection of coronary malformations in children with syncope,
and pediatricians and sonographers should be vigilant about it.
In addition, another limitation is that we could not provide
the cross-sectional imaging of all the patients with relative 3D
reconstruction. Moreover, the follow-up period in our study
was not long enough for a valid long-term assessment. The
increased frequency of the presence of AAOCA is very low.
Therefore the sample size of the cases in the study group should
be much larger to obtain statistically significant differences
in comparison with the historical group of other authors.
Furthermore, it should be stressed that the patients with the
greatest risk of death with the left main artery coming from the

pulmonary trunk were not observed in the study likely due to the
small sample size.

Therefore, we conclude that more attention should be paid
to congenital coronary disease in children with syncope. ECG
and echocardiography, as the common methods for investigating
cardiac syncope, may have limited ability to find coronary
artery anomalies. Patients with positive HUT results should not
be simply diagnosed with vasovagal syncope. In the cases of
suspected cardiac syncope, ruling out coronary artery anomalies
through coronary CTA is imperative. In AAOCA, L-ACAOS
can be symptomatic and need close monitoring and even
surgery, but in R-ACAOS, the etiology of syncope needs to be
thoroughly evaluated.
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Background: Although adult patients with cardiovascular disease are at higher risk of
adverse outcomes such as death or severe infection, limited data exist regarding pediatric
patients with congenital heart disease. We would like to report our experience with
COVID-19 in a pediatric patient with Fontan circulation. Furthermore, we present a review
of patients with Fontan palliation and COVID-19 previously reported in the literature to
summarize the clinical characteristics of this population.

Case Presentation: A 9-year-old boy with dextro-transposition of the great arteries,
ventricular septal defect, pulmonary stenosis, patent foramen ovale, and borderline left
ventricle post bidirectional Glenn shunt and Fontan palliation presented with paroxysmal
cough in the context of COVID-19. The coagulation profile was beyond the normal
limits, and the patient began to receive anticoagulant aspirin. On the 5th day, the patient
presented with fever, sore throat, and fatigue. The oxygen saturations dropped to 93%,
and he received nasal catheter oxygen inhalation. On the 7th day, computed tomography
of the chest revealed little emerging flaky exudation in the posterior basal segment of the
left lower lobe. Nasal cannula was removed on the 12th day, and the coagulation profile
returned to normal on the 16th day. After two consecutively negative SARS-CoV-2 viral
RNA tests (on the 18th and 19th days, interval > 24 h), he was discharged from the
hospital on the 21st day. Literature review indicated that COVID-19 with Fontan palliation
seemed to be more common in male adults. Disease presentation varied from mild upper
respiratory tract infection to severe pneumonia. Complications were not uncommon in
this population. The treatments varied depending on the specific factors. Fortunately,
most patients reported a favorable prognosis.

Conclusion: Although patients with COVID-19 and Fontan circulation might have
the risk of adverse outcomes due to multiple mechanisms, most patients have a
favorable prognosis.

Keywords: congenital heart disease, COVID-19, Fontan procedure, SARS-CoV-2, case report
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome virus 2 (SARS-CoV-2) has become a global
pandemic. Although adult patients with cardiovascular disease
are at higher risk of adverse outcomes, such as death or severe
infection, limited data exist regarding pediatric patients with
congenital heart disease (CHD). Furthermore, children have a
lower risk of infection and a milder course than adults (1). Some
experts believe that patients with univentricular circulation are
susceptible to COVID-19 (2, 3). However, anatomic complexity
does not predict infection severity of adult patients with CHD
(4). There is a dearth of literature regarding the impact of
Fontan circulation on COVID-19, with data mostly based on
case reports or series. In this study, we presented the diagnosis
and management of COVID-19 in a 9-year-old boy after Fontan
palliation. Furthermore, we conducted a review of patients
with COVID-19 and Fontan palliation previously reported
in the literature to summarize the clinical characteristics of
this population.

CASE DESCRIPTION

This boy with a background of dextro-transposition of the great
arteries, ventricular septal defects, pulmonary stenosis, patent
foramen ovale, and borderline left ventricle presented to our
hospital at 3 months of life due to cyanosis. He underwent a
bidirectional Glenn procedure at 5 months old. Subsequently,
he underwent collateral closure with two embolization coils
and enlargement angioplasty of pulmonary arteries with bovine
pericardial patch at 4 years old, and completed an extracardiac
fenestrated Fontan procedure with a 19 # Gore-Tex conduit
at 5!/, years old. At the last outpatient visit, his temperature
was 37°C; heart rate, 85 beats/min; blood pressure, 110/70 mm
Hg; and respiratory rate, 19 breaths/min with oxygen saturation
(SpO2) 98%. No abnormality was seen in routine blood
test, liver and renal function, and the coagulation profile.
The echocardiography demonstrated good Fontan circulation,

involving a blood flow velocity of 0.58 m/s in the conduit, 0.68
m/s in the inferior vena cava, 0.98 m/s in the cavopulmonary
anastomosis, 1.8 m/s at the level of fenestration, and only mild
mitral valve regurgitation.

This 9-year-old patient initially presented with paroxysmal
cough (Figure 1). Physical examination revealed pharyngeal
congestion and coarse breath sounds in both lungs. Vital signs
revealed a temperature of 36°C; heart rate, 102 beats/min; blood
pressure, 82/69 mm Hg; and respiratory rate, 20 breaths/min,
with SpO; 97%. We informed the patient that the ideal
SpO, after Fontan was generally 90-95%. The drop in
SpO, caused by COVID-19 would be lower than usual. An
electrocardiogram showed a sinus tachycardia with ST-T change
and clockwise rotation (Supplementary Figure 1). Computed
tomography showed slight inflammation in the middle lobe of
the right lung and the upper lobe of the left lung (Figure 2A),
which could rule out happy hypoxia. The monocyte count
and proportion, and C-reactive protein were elevated. The
coagulation profile was beyond the normal limits, including
elevated fibrinogen, fibrin degradation products, and D-dimer.
Cytokine interleukin (IL)-6 was normal on admission and rose
to a peak value on hospital Day 6. Liver and renal functions
were normal. Cardiac markers, including creatine kinase and
creatine kinase-myocardial band, were within normal limits. The
nasopharyngeal swab specimens of the patient, his parents, and
older sister were positive for SARS-CoV-2. The strain was the
delta variant determined by sequencing. The patient had not been
vaccinated against SARS-CoV-2. The prevalent strain was the
delta variant at that time.

On HD 2, the patient had fever and complained of sore
throat the next day. On HD 5, the patient had a transient low
fever, and he presented with sore throat and fatigue. The oxygen
saturations dropped to 93%, and he received 1 L/min of oxygen
via a nasal cannula, which improved the oxygen saturations to
94-96%. Arterial blood gas tests showed decreased CO; partial
pressure, O, partial pressure, HCOj ', and SpO,. The oxygen flow
rate was adjusted to 2 L/min, and the oxygen saturations were
maintained at 96%. On HD 6, the echocardiography revealed

Hospital day 1 2 3 4 5 6 7 8 9 110 [ 11 [ 12|13 |14 |15 |16 (17 [ 18 | 19| 20 | 21
Temperature (°C) 36 | 38 [37.8]36.5|37.6(36.6( 38 [36.9|36.9|36.8(36.4(36.6|36.4|36.5(36.4(36.1|36.7|36.3|36.3(36.3(36.2
SaO, min (%) 97 199194 (94 |94 |94 |94 |92(92[92]94 |91 |8 (9 [9 |90 |91 |91 |91 (9 |93
Sa0, max (%) 97 [ 98 |1 97 | 96 | 95 [ 94 | 93 | 94 | 94 [ 92 | 93

Cough

Sore throat

Fatigue

Respiratory support

FIGURE 1 | A timeline of the symptoms and managements.
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FIGURE 2 | Computed tomography of the chest in the axial plane. (A) On hospital Day (HD) 1, showing slight inflammation in the middle lobe of the right lung and
upper lobe of the left lung. (B) On HD 7, showing little emerging flaky exudation in the posterior basal segment of the left lower lobe.

Records identified through
database searching
(n=38)
Pubmed (n = 16)
Embase (n = 22)
Cochrane Library (n = 0)

A

Records after duplicates removed
(n=31)

}

Titles and abstracts screened
m=31)

A 4

Duplicates removed (n = 7)

A 4

Full-text assessed
(n=38)

Records excluded (n =23)
Reasons:
Irrelevant titles and abstracts (n = 11)
Review articles (n =7)
Editorials (n = 4)
Conference abstract (n = 1)

Record included by
scanning the references >

(n=1)

A 4

Studies included
(n=28)
Case reports (n =7)
Case series (n=1)

Record excluded (n=1)
Reason:
Pre-Fontan patient (n = 1)

FIGURE 3 | The flow chart of the literature screening process for patients with COVID-19 and Fontan palliation.
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TABLE 1 | A summary of articles describing patients with Fontan palliation and COVID-19.

Study Age Gender Diagnosis Type of Fontan Previous interventions Other comorbidities Signs and Ci Mar Outcomes
Vaikunth et al. (6) 40y M TA Lateral tunnel Glenn, Fontan HIV, gout Fever, shortness of breath, Pneumothorax Evacuating the Discharged on day 20
diarrhea pneumothorax, oxygen, nitric
oxide, solumedrol, remdesivir,
convalescent plasma,
draining blood, red cells
Linnane et al. (7) 10y M DILV, PA, ASD, RAA Extracardiac conduit Glenn, Fontan None Fever, red eyes, lethargy, mild None Oxygen, cephalosporin, Discharged on day 14
cough macrolide antibiotics
Bezerra et al. (8) 35 mo F HLHS Extracardiac conduit Fontan None Dyspnea, dry cough Complete Metamizole, heparin, Discharged on
atrioventricular enoxaparin, pleural drain, postoperative day 24
block pacing, pacemaker
implantion, milrinone,
diuretics, sildenafil,
vancomycin, cefepime,
oxygen
Ahluwaliaetal. (9) 29y M TA Lateral tunnel BT shunt, Glenn, Fontan, Fontan Associated Liver ~ Low-grade fevers, None Oxygen, hydroxychloroquine, Discharged on day 10
device closure of a Disease under nonproductive cough, easy azithromycin, furosemide,
venovenous collateral, balloon  investigation fatigability, progressive sildenafil, heparin, lovenox,
dilation and stent placement shortness of breath aspirin
of VC
Jicinska etal. (10) 6y M HLHS, dextrocardia Extracardiac conduit Fontan None Shortness of breath during Multiple thrombi Underwent a thrombectomy, There were no
exercise, increased fatigue left pulmonary artery plasty, post-operative
during daily activities, newly atrial communication thrombotic
acquired hepatomegaly enlargement complications
Jamshidi et al. 51y M TA Extracardiac Fontan Atriopulmonary Fontan, None Cough, diarrhea Phlegmasia Bilevel positive airway Discharged to an acute
(11) extracardiac Fontan cerulea dolens pressure and vasopressor rehabilitation unit
support, remdesivir, tadalafil,
warfarin, heparin,
convalescent plasma,
thrombectomy, left
below-the-knee amputation
Fusco et al. (5) 1)24y )M 1) PAIVS 2) AVSD 3) TA 1) Extracardiac conduit 1) BT shunt, Glenn, Fontan 2) 1) None 1) Malaise, fatigue, sore 1) None 1) Azithromycin 2) None 3) 1) Full recovery
2)27y 2)F 4) DILV with TGA 5) 2) Extracardiac conduit PA banding, Glenn, 2) None throat, cough 2) Fever, sore 2) None Azithromycin 4) None 5) 2) Full recovery
3)40y 3 F Dextrocardia, TA 3) Bjork Fontan Damus-Kaye, Fenestrated 3) Dysthyroidis, throat, loss of smell, cough 3)  3) None Azithromycin 6) Azithromycin 3) Full recovery
4)39y 4HM with TGA 6) TA7) TA 4) Extracardiac conduit Fontan, Fenestration closure hepatitis C Fever, fatigue, myalgia, 4) None 7) Oxygen, 4) Full recovery
5)56y 5 M 5) Extracardiac conduit 3) Atrial septostomy, BT 4) None diarrhoea, cough 4) 5) None steroids, azithromycin 5) Full recovery
6)28y 6)M 6) Lateral tunnel shunt, Fontan 4) BT 5) Restrictive lung Fever, fatigue 5) Fever, 6) None 6) Full recovery
7)23y 7F 7) Extracardiac conduit shunt, Fontan 5) BT shunt disease cough, dyspnoea 6) Fever, 7) Desaturation 7) Hospitalization
(x2), Glenn, Fontan 6) BT 6) None cough,myalgia, headache 7) required
shunt, Glenn, Fontan, stenting  7) PLE, acute kidney Fever, malaise, fatigue,
of Fontan conduit 7) Glenn, injury currently on cough, dyspnoea
Fontan, stenting of dialysis, recent
Fontan conduit hemoperitoneum
Chun et al. (12) 51y M TA, PS - Fontan None Cough, fever, shortness of Phlegmasia Vitamin K, convalescent Discharged on day 48

breath

cerulea dolens

plasma, heparin, enoxaparin
sodium, thrombectomy, left
below-the-knee amputation,
warfarin

F, female; ASD, atrial septal defect; AVSD, atrioventricular septal defect; DILV, double inlet left ventricle; HLHS, hypoplastic left heart syndrome; IVC, inferior vena cava; M, male; PA, pulmonary atresia; PA IVS, pulmonary atresia with
intact ventricular septum; PLE, protein losing enteropathy; PS, pulmonary stenosis; RAA, right aortic arch; TA, tricuspid atresia; TGA, transposition of the great arteries.
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a normal diameter and no filling defect of the inferior vena
cava, a blood flow velocity of 0.23 m/s in the portal vein, and
only traced mitral valve regurgitation (Supplementary Figure 2).
On HD 7, computed tomography of the chest showed little
emerging flaky exudation in the posterior basal segment of
the left lower lobe (Figure2B). The patient had a transient
low fever at night. On HD 12, nasal cannula was removed.
The patient began to receive anticoagulant aspirin on HD 1.
Symptoms were observed and related indicators were detected;
heparin was not used due to no-significant deterioration. The
coagulation profile returned to normal on HD 16. After two
consecutively negative SARS-CoV-2 viral RNA tests (on HD
18 and HD 19, interval > 24h), he was discharged from the
hospital on HD 21. We would continue to follow up this patient
closely at least for 1 year, including rechecking his clinical
manifestations, electrocardiogram, chest computed tomography,
and echocardiography.

DISCUSSION

Although Fontan palliation with COVID-19 is less common, it
has gradually attracted the attention of clinicians. A literature
search process using search strategies, comprising a subject
word and a free word, was conducted in PubMed, Embase, and
Cochrane Library databases (Supplementary Table 1) until April
10, 2022. References of relevant articles were also scanned. The
flow chart of the literature screening process is presented in
Figure 3. A total of 8 articles involving 14 patients were analyzed.
Most pieces of literature are case reports, and Fusco et al. (5)
published a case series, describing 7 adult patients. For each case,
we extracted the patients demographics, diagnosis, symptoms,
comorbidities, managements, and outcomes (Table 1).

Studies from different countries reporting cases revealed
mild-to-severe disease presentation in this population. The virus
types were not mentioned in the reviewed cases. In reported
cases, COVID-19 with Fontan palliation seemed to be more
common in male adults. Different from the demographic data
in the literature review, the patient in this report was 9
years old. The symptoms were diverse, with fever and cough
being most common. More than half of all the cases were
diagnosed with tricuspid atresia. Extracardiac conduit Fontan
was mostly common. Our case was diagnosed with transposition
of the great arteries and underwent extracardiac fenestrated
Fontan. Complications were not uncommon in this population,
with thrombotic complications being the most common. No
complications were specific to Fontan circulation. No late
complications were reported in the reviewed cases. It is worth
noting that patients with phlegmasia cerulea dolens were at
risk for amputation. Our case had no complications. The
treatments varied, depending on the specific factors. More
than half of the patients received antibiotics. Fortunately, most
patients reported a favorable prognosis. Our patient received
anticoagulant and oxygen therapy, and was discharged with
full recovery.

There is a need to recognize the potential of SARS-
CoV-2 infection in the subpopulation after CHD surgery

during the pandemic, particularly when patients present with
cough, fever, and hypoxemia that can usually be postoperative
morbidities. Since SARS-CoV-2 nucleic acid test was widely
carried out in tertiary hospitals, our patient was diagnosed on
admission and isolated immediately. It is worth noting that a
minority of patients are asymptomatic; the diagnosis is made
accidentally before a procedure. As the pandemic continues
to evolve, the access to test should be increased, allowing for
confirming cases.

When a patient with the Fontan circulation is infected
by SARS-CoV-2, the prognosis may be worrying. Owing
to the lack of sub-pulmonary ventricular pump, the blood
flow through the pulmonary arteries in patients with Fontan
physiology is materially driven by the negative intrathoracic
pressure and systemic blood pressure. Therefore, patients with
Fontan physiology are at increased risk for complications
related to coronavirus infection, given the following potential
reasons. Any acute respiratory infection may contribute to
increased pulmonary vascular resistance, therefore affecting
the Fontan circulation. Furthermore, if intubation is required,
management for this subgroup of patients is challenging because
positive pressure ventilation can cause deleterious effects on
the intrapulmonary and intracardiac hemodynamics. Patients
with Fontan circulation are likely to have dysfunction of the
pulmonary arterial endothelium, which results in impaired NO
availability and concomitant increased release of IL-6 (13).
Pieces of evidence have indicated that SARS-CoV-2 could
determine a more severe cytokines storm in those whose
base levels of cytokines are higher and NO levels are lower.
Patients with Fontan circulation can have associated liver
disease (hepatic fibrosis). The prior study has revealed that
patients with liver disease are vulnerable to infection or a
severe course of COVID-19 (14). Long-term anticoagulation is
usually required in patients with Fontan circulation. Of note,
abnormal coagulation is an important aspect of COVID-19,
which can result in microthrombus. COVID-19 can lead to
myocardial injury, which is a serious complication in patients
with univentricular circulation. In addition, myocardial injury
and systemic inflammation due to COVID-19 may easily trigger
arrhythmia in this susceptible population.

Most patients did not present severe manifestations as
expected and were managed routinely. A previous multicenter
study also suggested that Fontan palliation did not appear
to increase the risk of adverse outcomes (4). Many patients
with Fontan palliation were younger, which might explain
the favorable results. However, the worse physiological
stage, such as cyanosis and pulmonary hypertension, was a
predictor for mortality in patients with CHD (4); therefore,
Fontan patients with unstable hemodynamics might have
adverse outcomes.

CONCLUSION

Although patients with COVID-19 and Fontan circulation might
have the risk of adverse outcomes due to multiple mechanisms,
most patients have a favorable prognosis.
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A right aortic arch with concomitant right patent ductus arteriosus and
right tracheal bronchus is a rare congenital anomaly. Herein, the respiratory
and circulatory functions of the child were normal at early ages, and
imaging examination indicated that conservative treatment was suitable.
However, with the growth and development of the child, the right tracheal
bronchus was oppressed by the right arterial duct. We performed a cut
and ligation of the right patent ductus arteriosus to relieve the pressure
on the right tracheal bronchus. At the 6-month follow-up, the child
had recovered well and exhibited no symptoms of respiratory restriction.
Therefore, we believe that early interventions should be considered for
this rare anatomic presentation to benefit the patient's respiratory and
circulatory systems. Our experience provides a foundational reference for
future cases.

right aortic arch, right patent ductus arteriosus, right tracheal bronchus, case report,
tracheobronchial stenosis

Introduction

A right aortic arch with a left patent ductus arteriosus is likely to generate a
clinically significant vascular ring that narrows the airway. However, a right aortic
arch with a right patent arterial duct, as part of a normal anatomic variation, is
associated with a relatively low risk of extracardiac anomalies or surgery (1). In this
case, compression of the right tracheal bronchus by the right aortic arch with the
right patent ductus arteriosus was identified by computed tomography angiography
(CTA). We performed surgical ligation of the right patent ductus arteriosus to relieve
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airway compression in the patient. At the 6-month follow-up,
no aberrant clinical symptoms were noted.

Case description

During the prenatal phase, echocardiographs revealed
that the fetus had a right aortic arch with a right
patent ductus arteriosus (<1 mm). Hepatitis B, human
immunodeficiency virus, syphilis, and rubella tests were
all negative in maternal prenatal tests. After birth, the
infant performed well, with Apgar scores of 8 and 9 at 1
and 5 min, respectively. Transthoracic echocardiography
and CTA were conducted after delivery to validate the
findings of prenatal echocardiography and confirmed the
right aortic arch with the right patent ductus arteriosus
and the right tracheal bronchus. No interventions were
carried out, considering that the infant did not exhibit any
respiratory symptoms; however, follow-up after delivery
was proposed. At the subsequent follow-up, transthoracic
echocardiography showed that the right patent ductus
arteriosus (<1 mm) persisted. Family members were disinclined
to surgical intervention, so further follow-up and observation
were recommended.

Years later, the parents brought their 8-year-old child to our
hospital under the mistaken assumption of pneumonia. Physical
examination revealed hyperresonance in the right upper lung,
and chest CT showed that the right upper lung had enhanced
transmittance (Figure 1). Echocardiographs showed that the
intra-cardiac anatomy was otherwise normal, in addition to
good cardiac function, normal pulmonary artery, and right
aortic arch with right patent ductus arteriosus (<1 mm). On
CTA, we found that the right aortic arch, right patent ductus
arteriosus, and right pulmonary artery formed an “H-shaped”
loop in conjunction with the right tracheal bronchus, which was
“clamped” in it (Figure 2).

FIGURE 1

Computed tomography of the chest showed that the right
upper lung had enhanced transmittance due to the right
tracheal bronchus’ oppression (arrow).
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FIGURE 2

Computed tomography angiography [CTA, (A—C) horizontal,
coronal, and sagittal] and [3-D reconstruction (D,E) front, back]
show the right aortic arch (red arrow) and right ductus arteriosus
(yellow arrow) with right tracheal bronchus (green arrow). The
aorta and pulmonary artery are located in an anteroposterior
relationship. In a normal conformation, even with the right
aortic arch, the aorta is located to the right of the pulmonary
artery. In addition, the left brachiocephalic artery and the right
common carotid artery have a common trunk. This is the
so-called bovine arch, a normal variant. The right tracheal
bronchus, from the tracheal wall above the carina, runs in the
"H"-shaped structure formed by the right aortic arch, right
patent ductus, and right pulmonary artery.

After informing the parents of the patient’s condition
and related risks in detail, they requested urgent surgical
Cut of the
arteriosus through midline sternotomy without

intervention. and ligation right patent
ductus
cardiopulmonary bypass was performed. At the 6-month
follow-up, the patient had recovered well without any
respiratory or cardiovascular symptoms. Table 1 summarizes

the clinical presentation and management of the patient.

Discussion

The right aortic arch can be defined as an anatomic anomaly,
wherein the aorta arches over the right side of the bronchus
instead of the left. The right aortic arch grows from the
right fourth pharyngeal arch artery and the right dorsal aorta
embryologically. The prevalence of the right aortic arch is
approximately 0.1% in the general population and 13-34% in
the tetralogy of Fallot (2, 3). Bronchus suis, also known as
pig bronchus or tracheal bronchus, is usually an asymptomatic
abnormal bronchus that arises from the tracheal wall above
the carina. The incidence of bronchus suis in humans is 0.1-
3.0% (4). During early embryogenesis, an aberrant bronchus is
normally the result of additional tracheal outgrowth (5).

Right-sided ductus arteriosus occurs in 10% of fetuses with
a right aortic arch and is usually asymptomatic (6). However,
to the best of our knowledge, the combination of the right
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TABLE 1 Timeline of events.

Timeline Events

2011 A male infant was born who had a right
aortic arch with a right patent ductus

arteriosus (<1 mm).

2011~2021.09 The child was regularly followed up in the
hospital and no abnormal manifestations

were observed.

2021.09 Imaging revealed the child’s airway

obstruction and surgery was performed.

2021.09~2022.03 On a follow-up of 6 months, the child
recovered well without any symptoms of

respiratory or cardiovascular problems.

tracheal bronchus compressed by the right aortic arch with the
right patent ductus arteriosus was reported herein for the first
time. In our case, the right tracheal bronchus runs in an “H-
shaped” conformation formed by the right aortic arch, right
patent ductus, and right pulmonary artery (Figure 3). These
anatomic variants are usually not clinically significant when they
are present alone.

As the patient grew and developed, the tracheal bronchus
became compressed and narrowed. At the early follow-up, we
were inclined toward conservative treatment as the patient
did not exhibit any symptoms. In addition, the follow-up
observation was recommended in accordance with the families’
desire for conservative treatment. After the patient developed
symptoms of airway obstruction, the family requested urgent
treatment resolution. Post-case evaluation, the recommended
treatment, included dissecting the ductus arteriosus or
the arterial ligament and dissociating the surrounding
tracheobronchial tissue to release the compression of the
tracheal bronchus. The patient exhibited good postoperative
recovery that confirmed our treatment strategy. However,

FIGURE 3

Right aortic arch with the right ductus against the right tracheal
bronchus. A: descending aorta, B: right pulmonary artery, C:
trachea, D: tracheal bronchus, E: right patent ductus, F:
esophageal.
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further research is needed to determine whether earlier surgical
intervention is warranted. In general, we should pay greater
attention to the existence of airway blockages in patients when
confronted with this unique anatomic combination.
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Congenital coronary artery fistulas (CAFs) are an uncommon congenital
anomaly. While most patients are asymptomatic, life-threatening events
including sudden death, myocardial ischemia, heart failure, infective
endocarditis, and rupture of aneurysm may occur. Surgical ligation was
once the standard choice of management of CAFs in the past. However,
transcatheter closure of CAFs has become an emerging alternative to surgery
in patients with suitable anatomy. We reported a 7-month-old infant with a
giant and tortuous CAF that originated from the distal right coronary artery and
drained into the right ventricle, and was successfully treated by transcatheter
closure with an Amplatzer ductus occluder.

coronary artery fistula (CAF), transcatheter closure (TCC), ADO II, pediatric (infant),
right ventricle (RV)

Introduction

Congenital coronary artery fistulas (CAFs) are abnormal connections between
either or both coronary arteries and a cardiac chamber or a great vessel. It is a rare
disease, and the incidence is around 0.002% of the general population (1). The natural
history of CAFs is highly variable depending on their size. Those with small CAFs
are often asymptomatic with incidental heart murmurs. Spontaneous closure has also
been reported (2). However, patients with large CAFs may be complicated by acute
myocardial ischemia, heart failure, infective endocarditis, and cardiac tamponade if
there is a rupture of the fistula (3).

Coronary artery fistulas can be classified according to their origin or complexity.
Sakakibara et al. suggested that a CAF can be classified as a proximal or distal type based
on its origin (4). In the proximal type, the proximal native feeding arteries tend to be
dilated, while the coronary arteries distal to the CAF remain normal. In contrast, in
the distal type, the entire vessel is dilated. Based on the complexity of the morphology,
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Postnatal echocardiogram showing dilated RCA (asterisk) with a fistula (arrow) drained into the RV in (A) parasternal long-axis view and (B)

short-axis view. RCA, right coronary artery; RV, right ventricle.

a simple CAF has a single origin and drainage site through
a single fistulous tract, whereas a complex CAF is composed
of multiple origins or drainage sites with multiple fistulous
structures (5).

Conventionally, surgical ligation was the standard option
for management. Nevertheless, transcatheter closure of CAFs
has recently become a potential alternative (3). In general, the
favorable anatomies for transcatheter closure of CAFs include
non-tortuous vessels, a single narrow drainage site, and a
proximal origin. Herein, we report a 7-month-old infant with
a large coronary artery (RCA) to the right ventricle (RV) fistula
with a distal origin and tortuous right coronary artery. In this
infant, the CAF was successfully obliterated by transcatheter
closure with an Amplatzer ductus occluder II device.

Case report

A term female neonate was brought to our newborn
intensive care unit with mild tachypnea 1 week after birth
and a grade 4/6 continuous heart murmur in the left upper
sternal border. Oxygen saturation was 100% under nasal
cannula with a 1 L/min oxygen supply. Laboratory data revealed
elevated serum B-type natriuretic peptide (BNP) (695 pg/ml)
and normal troponin-I level (0.01 ng/ml). Electrocardiography
showed sinus tachycardia with no evidence of myocardial
ischemia, and her chest x-ray showed mild cardiomegaly with
a cardiothoracic ratio of 0.58. Echocardiogram revealed a giant
right coronary RCA to RV fistula with normal left ventricular
systolic function. The orifice of the fistula on the RV side was
about 2 mm (Figure 1). The fistula was found with a lageniform
aneurysm arising from the distal RCA drained into the inferior
wall of RV in the computed tomography angiography (CTA;
Figure 2). Oral medications including furosemide and digoxin
were administered, and the condition of congestive heart
failure improved.
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However, due to mild tachypnea and poor body weight gain
(6.7 kg, 3 percentile), transcatheter closure of the fistula was
performed at the age of 7 months old. The Qp/Qs was 1.2
while performing cardiac catheterization. However, a high mean
pulmonary artery pressure of 23 mmHg was measured. RCA
angiography revealed a giant and tortuous fistula that originated
from the distal RCA and drained into the inferior RV, with an
aneurysmal tract proximal to the drainage site (Figure 3). The
size of the aneurysm was 6 mm, and the narrowest diameter of
the drainage site was 1.5 mm. After delineating the morphology
of the CAF, a 0.025-inch, 260-cm Terumo guidewire was first
inserted from the RCA through the tortuous fistula to the RV,
and then it was advanced to the pulmonary artery and snared to
establish an arteriovenous wire loop. Based on the morphology
of the aneurysmal tract and the width of the drainage site
(1.5 mm), the Amplatzer Duct Occluder II (ADO II, 9-PDA2-
04-04) with a 4-mm waist was chosen and the strategy for
sizing the device for closure of patent ductus arteriosus was
followed, that is, the occluder should be at least 2 mm greater
than the narrowest drainage site. The ADO II device was then

FIGURE 2

Three-dimensional computed tomography showing a
lageniform coronary artery fistula (asterisks) arising from the
RCA (arrows) drained into the inferior wall of the RV.

(A) Anterior-posterior view. (B) Right lateral view.
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FIGURE 3

RCA angiography revealing that the aneurysmal fistula (asterisks)
had arisen from the distal RCA and drained into the inferior wall
of the RV. The shape of the fistula was lageniform. The
aneurysmal tract of the fistula was 6 mm wide. The narrowest
diameter of the drainage site was 1.5 mm. (A) RAO 30° and

(B) LAO 60°.

FIGURE 4

Post-procedural RCA angiography showing that the ADO I
device (arrows) occluded the fistula with minimal residual shunt,
with one disk in the aneurysmal tract (asterisks). (A) RAO 30° and
(B) LAO 60°.

deployed through a low-profile 4 French delivery sheath and
placed to occlude the fistula by antegrade approach from the
femoral vein into the RV. After implantation of the device into
the fistula and before releasing the device, a repeated RCA
angiogram revealed a good device position with a minimal
residual shunt. No ST segment change was noted in ECG, and
no native coronary artery was involved by the device. After
confirming the device’s proper size and positioning, the ADO
IT was released smoothly (Figure 4). No complications such
as heart ischemia and atrioventricular block were noted. The
post-procedural echocardiogram showed a proper position of
the device without a residual shunt. The patient was discharged
the next day with medications of aspirin (5 mg/kg/day) and
clopidogrel (1 mg/kg/day) for 12 months. The follow-up CTA
12 months after the procedure showed good device position
without residual shunt or recanalization of the fistula. There was
a slow flow state in the aneurysmal tract of the fistula due to
thrombosis; however, the flow in the native vessels was normal.
Therefore, clopidogrel alone was continued to prevent potential
thrombus extension proximally into the native coronary artery.
After the procedure, her dyspnea disappeared, and she regained
normal body weight after follow-up for 2 years.
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Discussion

Coronary artery fistulas are a rare disease accounting for
0.2-0.4% of congenital cardiac anomalies (6). CAFs arise most
commonly from the RCA (55%), followed by the left coronary
artery (35%), and rarely, 5% of fistulas are bilateral. Meanwhile,
CAFs terminate mostly in the RV (45%), followed by the right
atrium (25%), the pulmonary artery (15%), and less commonly
the coronary sinus (7%) (3). An incomplete degeneration of
sinusoidal connection between the lumens of primitive tubular
heart in the early embryonic period may result in the formation
of CAFs. The main hemodynamic drawback of abnormal shunts
is coronary steal phenomenon and left-to-right shunt (6).
Symptoms of CAFs depend on their size and severity of the
shunt. Continuous heart murmur may be the only symptom in
small shunts. However, large CAFs can result in heart failure,
infective endocarditis, and myocardial ischemia (7).

The diagnosis of CAFs is confirmed by two-dimensional
echocardiography and color Doppler sonography. Coronary
artery dilatation is an important reminder of this disease
as shown in our case (Figure 1A). Even though coronary
angiography is essential to delineate the anatomy of CAFs,
CTA can assist in non-invasive evaluation of CAFs before
transcatheter intervention, especially in infants, to minimize the
risk of catheterization. ECG and troponin tests are also helpful
to detect myocardial ischemia.

The management of CAFs in children depends on the size
and anatomy of the fistula and the presence of symptoms.
According to American College of Cardiology/American
Heart Association guidelines (8), treatment of small CAFs
in asymptomatic patients is not suggested. Nonetheless,
an intervention is recommended for large CAFs without
small to fistulas  with
evidence of myocardial ischemia, arrhythmia, ventricular

symptoms and moderate-size
dysfunction, ventricular enlargement, or endarteritis (8).
In our case, even though the Qp/Qs was small, this fistula
is classified as large in size, since that fistulas, at any point
larger than three times the expected proximate normal
coronary artery diameter, or associated with similar ranges
of dilation of the proximal associated coronary artery,
are considered to be large size fistulas (9). In addition,
coronary artery dilation and aneurysmal tract are often
associated with stasis, which could lead to acute myocardial
ischemia and aneurysmal rupture, respectively (10). After
evaluating her clinical symptoms and fistula size and to
prevent potential complications, we decided to perform
percutaneous closure. As expected, her symptoms improved
after the intervention.

In 1947, Biork et al. completed the first CAFs surgical
closure (11). Since that procedure, surgical closure became
the standard choice for closing CAFs. Even though the
general outcome of surgical closure of CAFs is good, there is
surgical mortality of 0-4% (12). CAF surgery is an invasive
procedure that requires median sternotomy, and half of patients
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undergo cardiopulmonary bypass. Postoperative complications
including bleeding, infections, myocardial infarctions, and
arrhythmias were reported (11). The first CAF transcatheter
closure was reported in 1983 by Reidy et al. Since then,
transcatheter closure became an alternative option for closing
a simple CAF, but surgery remains the only option for
complex CAFs. The advantages of transcatheter closure
of CAF over surgery are avoidance of cardiopulmonary
bypass and median sternotomy, lower cost of the procedure,
and shorter recovery time. The procedural complications
of CAF transcatheter closure include device displacement,
fistula dissection, myocardial infarction, and transient atrial
arrhythmia (6). Recently, numerous reports of transcatheter
closure have been described, with the successful closure rate
of CAFs being around 75-87% (6). In general, the favorable
anatomies for transcatheter closure of CAFs were single fistula,
non-tortuous vessels, single narrow drainage site, and proximal
origin of the fistula (13). Notwithstanding, in our case, the CAF
drained into the RV in the distal part of the RCA, and the
fistula was tortuous.

There are several important procedural aspects to be
addressed in this case. First, the main challenge was to place
the occluder with the antegrade approach from the RV via the
femoral vein. In our patient, the retrograde approach of from
the aorta to the RCA carried a high risk of complications such
as myocardial ischemia, thrombosis, and aneurysmal rupture
during occluder device delivery due to the tortuosity of the RCA
and the distal drainage site. Thus, the antegrade method was
chosen, and we established an arteriovenous wire loop from
the tortuous RCA, through the aneurysmal fistula, to the RV.
Then, a snare technique was used to catch the wire, and then
the CAF was occluded. Second, procedures of occluding a CAF
are more challenging in an infant because of the risk of vascular
damage by the delivery sheath or the occluder device. In this
context, we suggest that choosing a low-profile delivery system
and a soft device has an important role to minimize potential
complications. Various devices are used to close CAFs, such as
coils, Amplatzer vascular plugs, ADO, and Rashkind double-
umbrella devices (7, 14, 15). Among these devices, the ADO
II has the following advantages in the context of CAFs with
a narrow drainage site and an aneurysmal tract, especially in
infants. The ADO II is made of a fabric-free fine nitinol wire
resulting in its soft texture and can be delivered through a low-
profile sheath. These features make it easier to pass through a
narrow drainage site and safer to advance into the aneurysmal
tract in the RV wall, with minimized risk of aneurysmal rupture
or RV injury in an infant as shown in our case. Finally, the
morphology of fistula in our patient was in a lageniform shape
near the RV drainage site, which is also a favorable factor
for using ADO II since it has two disks clamping both the
RV wall and aneurysm, thus could have less chance of device
dislodgement (11, 16, 17).

Anticoagulation after intervention was controversial. Low-
dose aspirin (3-5 mg/kg/day) for at least 6 months was
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mentioned in most literature (18), and severe coronary artery
dilatation (>10 mm) may warrant anticoagulation with warfarin
(19). In our case, we prescribed a dual antiplatelet combination
of aspirin and clopidogrel for 12 months followed by clopidogrel
alone to prevent thrombosis in the dilated native RCA.

Long-term outcomes of transcatheter CAF closure from a
limited case series demonstrate that this procedure is effective in
most patients. However, complications can be found in certain
patients at long-term follow-up, such as myocardial infarction
and recanalization (20). Myocardial infarction can occur
because of thrombus formation in the aneurysmal coronary
artery or device thrombosis. In a case series, recanalization
of a fistulous tract was found in 4 of 27 fistulas on repeat
angiography at a median of 423 days after transcatheter closure
(21). Thus, they recommended follow-up imaging study with
coronary CT angiography or angiography for all patients who
underwent successful CAF closure at 1-5 years to evaluate
for recanalization.

Conclusion

Transcatheter closure is an effective management for infants
with large RCA to RV fistula with suitable anatomy. ADO
IT can be considered as the device of choice for infants
with tortuous CAF.
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Objectives: The hepatitis B vaccine comprises hepatitis B surface antigen
(HBsAg) produced by transgenic yeast cells. There are few serious adverse
events (SAE) reports after Hepatitis B vaccination.

Methods: The authors searched the Chinese legal documents database for all
SAE with Hepatitis B vaccination from January 2010 to January 2022.

Results: All seven patients received yeast-derived recombinant hepatitis B
vaccine. Three cases of myocarditis (death), 2 cases of interstitial pneumonia
(death), and 2 cases of encephalitis. The mean time of onset of SAE was 8.3 +
4.3 h after vaccination.

Conclusion: The mechanism of vaccine-induced myocarditis may come from
immune protein reactions. Based on the experience of Hepatitis B vaccine
adverse events, we present new insights into the mechanism of myocarditis
caused by the COVID-19 vaccine.

hepatitis B, safety, vaccine, myocarditis, COVID-19

Introduction

More than 800,000 people die from the Hepatitis B virus each year, and vaccination
is the most cost-effective way to prevent the spread of the virus (1, 2). About 10%
of the Chinese population carries the hepatitis B virus, and the Chinese government
has implemented universal free hepatitis B vaccination since 2002 (3). Five enterprises
in China produce hepatitis B vaccines, all recombinant hepatitis B vaccines. Hepatitis
B vaccine is a milky suspension composed of purified virus surface antigen (HBsAg)
and an aluminum adjuvant. And these vaccine preparations include sodium hydroxide,
aluminum chloride, Disodium phosphate, sodium dihydrogen phosphate, and sodium
chloride. Since 1999, thiomersal has been removed as a preservative from the Hepatitis
B vaccine used in infant vaccinations (4). HBsAg is a hepatitis B virus capsid protein
produced by recombinant yeast or CHO cells. HBsAg does not contain genetic material
and pathogenicity. Recombinant hepatitis B vaccine can stimulate the body to produce
protective antibodies and can be used to prevent all hepatitis B virus subtypes. The
Hepatitis B vaccine showed well-established safety and effectiveness (5, 6). Clinical
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studies have shown that the most common adverse events are
local pain, fever, and rash. These symptoms will subside within
3 days (7).

The whole course of Hepatitis B vaccination requires three
doses given within a few days of birth, 1 month later, and
6 months later. Some rare serious adverse events (SAE) are
associated with Hepatitis B vaccination. Besides, China still lacks
a separate database for adverse events and data collection on
serious adverse events related to vaccines. And serious adverse
events are rarely reported for complex reasons (8). Therefore, it
is a feasible supplementary method to obtain the vaccine adverse
reaction from the public legal dispute database. We analyzed
the available legal cases related to the hepatitis B vaccine and
SAE from an open legal document database. The data from the
real world may expand current public knowledge and improve
patient safety with the hepatitis B vaccine.

Methods

The data in this study came from the website database
of Chinas court, https://wenshu.court.gov.cn. The authors
searched the database from January 2010 to January 2022.
Legal disputes include death after vaccination, prolonged
hospitalization, and permanent disability. A panel of five experts
evaluated the cause-and-effect relationship between vaccines
and adverse reactions. The experts were senior specialists
who have worked in clinical medicine, epidemiology, clinical
laboratory, pharmacy, and forensic medicine for at least 3
years. The panel members evaluated causality by considering
seven factors: time sequence, medicine information, dose-
effect relationship, response pattern to drugs, reactivation,
etiology, and combination of drugs. Then, this method
evaluated outcomes as highly possible, possible, indeterminate,
or impossible.

Results

Seven severe adverse events related to the hepatitis B vaccine
were retrieved from the database, five males and two females,
with a ratio of 2.5:1. Six infants, were under 1 year of age, and
one was an adult of 19 years. All were healthy before vaccination
and had no hepatitis B or history of hepatitis B infection in their
family history. Of all adverse events, 3 were myocarditis, 2 were
meningitis, and 2 were interstitial pneumonia (Table 1).

Four infants and one adult died after the second vaccination.
There were 3 cases of myocarditis and 2 cases of interstitial
pneumonia. Their median time of death was 9h after
vaccination, ranging from 2 to 13h. The onset of the adverse
events was rapid, and there was no course of treatment in all the
cases. The deceased patients had previously been in good health
and had no heart disease or pneumonia history. The meeting of
a panel of five senior medical experts (requested by the court)
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concluded that three cases of myocarditis were directly related
to hepatitis B vaccination. Two patients could not determine the
cause and effect of vaccine adverse reactions, which may be due
to the long treatment time and slow progress of the disease.

Case 1: Less than 1 year-old. After his third dose of the
hepatitis B vaccine, he had a fever for 3 days and hematuria
for 2 days. He was diagnosed with myocarditis complicated
by the hemolytic uremic syndrome. He died of multiple organ
dysfunction syndromes 5 days later.

Case 2: Less than 1 year-old. She developed a fever and
rash 3h after her third vaccination. She was admitted to the
hospital for myocarditis, but the parents refused the patient to
be hospitalized. Two days later, she became sicker at home and
died in the emergency room.

Case 3: Twelve hours after his fourth hepatitis B vaccination,
he collapsed and died at home. At autopsy, the cardiac blood
tests were myoglobin >3,000 g/L, creatine kinase isoenzyme
>300 pg/L, and troponin >10 pg/L.

Case 4: Less than 1 year-old. On the way home, he died
2h after his second hepatitis B vaccination. The death was
diagnosed as a result of acute respiratory failure caused by
bilateral lung bronchopneumonia.

Case 5: Less than 1 year-old. She died 11h after returning
home after her third hepatitis B vaccination. The death
was diagnosed as respiratory and circulatory failure due to
interstitial pneumonia.

Case 6: Less than 1 year-old. He developed fever, cough,
vomiting, diarrhea, and convulsions 8h after the third
dose. He was hospitalized for 3 months with focal brain
atrophy, encephalomalacia, and gliosis. His final diagnosis was
encephalitis sequelae and disability.

Case 7: Less than 1 year-old. He developed fever 9h after
the third dose. Oral ibuprofen was not practical, and he had one
convulsion. After 4 months in hospital, he was diagnosed with
epilepsy, and cerebral palsy, which resulted in a disability.

Discussion

The smallpox vaccine is recognized to induce myocarditis
with an incidence of 16 cases per 100,000 (9). Our study reported
three cases of myocarditis induced by hepatitis B vaccination
to raise the attention of this potential severe adverse event
after vaccination. According to the China Health Statistics
Yearbook, 185 million babies were vaccinated against the
Hepatitis B vaccine. Therefore, seven severe cases represented
the incidence of serious adverse events was 4 per 1 million.
We may underestimate the incidence rate, but it is consistent
with the phenomenon that only some adverse events cause
legal controversy.

Why does myocarditis cause rapid infant death in a
short period? We think there are three possible reasons.
First, fulminant myocarditis is a hazardous disease, with a

frontiersin.org


https://doi.org/10.3389/fped.2022.888686
https://wenshu.court.gov.cn
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org

Lu et al.

10.3389/fped.2022.888686

TABLE 1 Summary of severe adverse reactions due to hepatitis B vaccine (n = 7).

Gender Age

(years) times procedure

Vaccination Patient presentation/Diagnostic

Diagnose Prognosis Causality

Male

Female

Male

Male

Female

Male

Male

0.5

0.6

19

0.3

0.5

0.6

0.6

He developed a fever on the day of
vaccination and was hospitalized for 2 days
before being diagnosed with myocarditis
and hemolytic uremic syndrome. He died 5
days later. The autopsy showed that the
child died of myocarditis.

She developed a fever and Rash 3 h after
vaccination. The diagnosis was myocarditis.
The patient’s family refused to be
hospitalized. Two days later, she died at
home. The autopsy showed that the child
died of myocarditis.

He finished his vaccination in the morning
and there was nothing abnormal after the
vaccination. At night, he collapsed and died.
The blood from his heart at autopsy was
found: Myoglobin >3,000 j.g/L, Creatine
kinase isoenzyme > 300 g/ L, Troponin>
10 pg/L.

Two hours after he finished his vaccination,
the parents found the child dead.

She died in her sleep 11 h after being
vaccinated.

He developed fever, seizures, and other
symptoms 8 h after the inoculation. After 3
months of hospitalization, the diagnosis was
focal cerebral atrophy, encephalomalacia,
gliosis, and cerebral palsy.

He developed fever and febrile convulsion
9h after vaccination. After 4 months of
treatment, the diagnosis was: 1. Epilepsy: 2.

Encephalitis: 3. Cerebral palsy.

Myocarditis

Myocarditis

Myocarditis

Interstitial
pneumonia
Interstitial
pneumonia

Encephalitis

Encephalitis

Death

Death

Death

Death

Death

Disability

Disability

Highly possible

Highly possible

Highly possible

Highly possible

Highly possible

Indeterminate

Indeterminate

pediatric patient’s mortality rate of more than 48% (10). The
Pathophysiology of heart failure in children is markedly different
from that in adults (11). Second, the patient is too late to be
rescued in time. The cardiovascular adverse effects of the vaccine
do not occur immediately after the injection. Third, early adverse
events (crying, shortness of breath) in infants who received
subsequent vaccinations were ignored based on the excellent
safety of the first dose. In addition, our study showed a higher
incidence of myocarditis in men than in women (2:1). This
appearance may be related to the physiological characteristics of
a male. Men also have a higher incidence of other myocarditis,
with more severe heart symptoms (12).

Hepatitis B vaccine myocarditis is associated with allergic
vasculitis and may subside with corticosteroid therapy (13). In
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all of the cases in our study, adverse events occurred immediately
after the second dose of the vaccine. It is suggested that hepatitis
B vaccine-induced myocarditis may be a drug-induced allergic
syndrome. Accordingly, severe autoimmune adverse events
following Hepatitis B vaccine vaccination have been reported
in the literature (14). There is a causal relationship between
the hepatitis B vaccine and autoimmune diseases, including
rheumatoid arthritis, myelitis, optic neuritis, and nephritis (15).
And the Hepatitis B vaccine is positively associated with an
increased incidence of child arthritis (16). Two cases in this
study with childhood encephalitis caused by the hepatitis B
vaccine may also be related to autoimmune disease.

The mRNA-Based COVID-19 vaccine is similar to the
hepatitis B vaccine in the following perspectives. First, both
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vaccine’s substrates induce human immune responses and
are partly identical in structure (HBsAg protein vs. SARS-
CoV-28§ protein). For example, hepatitis B proteins presented
antigenic properties that can cause a putative protective effect
against COVID-19 (17). Second, all the adverse occurs after
the second dose, regardless of the vaccine source (18, 19).
Recently, many studies have shown that multiple mRNA-
Based COVID-19 vaccines can cause myocarditis (20, 21).
On the myocarditis reports of 1,626 cases, 82% occurred
after the second vaccination dose (20). Another study showed
that all instances of juvenile myocarditis occurred 4 days
after the second injection (22). Third, the cases in this study
were all sudden myocarditis deaths, similar to those caused
by SARS-CoV-2. Therefore, we hypothesized that the first
vaccine established immune system memory, and then the
second vaccine caused acute allergies, including myocarditis
or other autoimmune diseases. Interestingly, a new COVID-
19 Vaccine, Novavax, is clearly stated in its specifications:
Clinical trials data provide evidence for increased risks of
myocarditis (23).

Rare heart death cases were reported in patients after
their mRNA COVID-19 vaccination (21). We suspected that
the mild symptoms of the mRNA vaccine might be related
to the slow release of SARS-CoV-2S protein with mRNA
vaccines. The Hepatitis B vaccine contains protein injected
directly into the body and can induce acute allergies. In
contrast, mRNA-Based COVID-19 vaccine takes a while to
translate the mRNA into virus protein, which acts as a “slow-
release” process, resulting in milder symptoms and few sudden
deaths. The limitation of this study is that our legal documents
only report a small number of cases and may have missed
other patients.

Conclusion

In this report, we summarize each patient’s clinical course
and evaluation. Despite these rare adverse events, the benefit
of universal vaccination against hepatitis B still outweighs
the risk at this point. Hepatitis B vaccine-induced serious
adverse events are rare, and myocarditis may be related
to an autoimmune reaction. The vaccination after the first
dose is associated with a higher risk of SAE than the
first dose. The similarity between the hepatitis B vaccine
protein and the COVID-19 vaccine-derived protein, we should
pay close attention to the vaccine autoimmune response,
especially myocarditis.
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in a patient with Axenfeld-Rieger
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Jingwei Feng", Yingjiao Wang"', Shiyu Cheng?, Zishuo Liu?,
Ling Lan*, Qi Miao® and Chaoji Zhang®*

!Department of Surgery, Peking Union Medical College Hospital, Peking Union Medical College,
Chinese Academy of Medical Sciences, Beijing, China, 2Department of Ophthalmology, Peking
Union Medical College Hospital, Peking Union Medical College, Chinese Academy of Medical
Sciences, Beijing, China, *Department of Ultrasound, Beijing Hospital, National Center of
Gerontology, Institute of Geriatric Medicine, Chinese Academy of Medical Sciences, Beijing, China,
“Department of Anesthesiology, Peking Union Medical College Hospital, Peking Union Medical
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Axenfeld-Rieger syndrome (ARS) is an autosomal dominant disorder that is
primarily due to disruption of the development of neural crest cells. The
onset of associated symptoms in both eyes accompanied by extraocular
developmental defects is referred to as ARS. Cardiac defects associated with
ARS have been reported, but the extent of the cardiac defects has yet to
be defined. We report a case of a 17-year-old girl with ARS with typical
facial malformations and severe mitral and tricuspid valve insufficiency. The
patient was diagnosed with secondary glaucoma detected on ophthalmologic
examination. Echocardiography showed severe mitral and tricuspid valve
insufficiency. This case provides further evidence of the association of ARS
with cardiac malformations and extends the reported range of cardiac
malformations in patients with ARS.

KEYWORDS

Axenfeld-Rieger syndrome (ARS), mitral valve insufficiency, tricuspid valve
insufficiency, glaucoma, cardiac malformations

Background

Axenfeld-Rieger anomaly (ARA) is an ocular condition characterized by extensive
defects of the anterior chamber of the eye, mainly affecting the corneal structures.
Anterior chamber defects include Axenfeld anomaly, characterized by prominent and
anteriorly displaced Schwalbe lines and iris-corneal adhesions, and Rieger anomaly,
which manifests as iris hypoplasia and pupil malformation (1). These ocular changes
may lead to secondary glaucoma. Secondary glaucoma occurs due to ocular or systemic
diseases that affect or destroy the normal aqueous humor circulation, block aqueous
humor discharge, and cause intraocular pressure elevation. The presence of anomalies
in the anterior chamber angle and drainage structures of the eye contributes to a
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lifetime risk of glaucoma and can lead to irreversible blindness
(2). ARA can occur as an isolated defect, be episodic, an
autosomal dominant trait, or part of a syndrome. ARA is
sometimes associated with extraocular developmental defects,
particularly of the teeth, facial bones, and periaqueductal skin
(3). The combination of ocular and extraocular malformations
is known as Axenfeld-Rieger syndrome (ARS) (4). The disorders
that make up ARS are complex, inherited in a dominant manner,
have a high ectopic rate, and are genetically heterogeneous
(5). ARS is classified into three types based on systemic
manifestations. Patients with ARS type 1 typically present
with dental anomalies, craniofacial anomalies, and umbilical
anomalies; patients with ARS type 2 usually present with
oligodontia and microdontia, but craniofacial and umbilical
anomalies are less common; patients with ARS type 3 rarely
present with significant dental or facial anomalies, but may have
hearingloss and heart defects (6-8). Herein, we report a rare case
of a patient with ARS with both distinctive facial malformations
and mitral and tricuspid valve dysplasia.

Case presentation

A 17-year-old girl was admitted to the hospital 1 year ago
for shortness of breath after activity, dyspnea, weakness, and
generalized swelling with no apparent reason. The patient then
visited us for investigation of bilateral secondary glaucoma.
The patient had poor vision in her left eye and could only
see the optometrist’s hand moving at 30cm from her face.
Ocular examination revealed visual acuity of 0.5 in the right
eye, intraocular pressure of 28.2 mmHg in the right eye and
39.8 mmHg in the left eye; the left eye had 15 degrees of
exotropia, a corneal diameter of 13 mm, slight edema, partial
anterior adhesion of the atrial angle, iris atrophy, and localized
hole formation (Figure 1). She had a distorted and deviated left
pupil, clear right cornea, round right pupil, clear lens in both
eyes, cup-to-disc ratio of 0.9 in the left eye and 0.3 in the right
eye, pale and well-defined optic disc in the left eye, and normal
retinas (Figure 2). Atrial angle examination revealed extensive
anterior adhesions of the iris in both eyes, anterior displacement
of Schwalbe’s ring, and striated tissue across the atrial angle in
the peripheral part Bof the iris, adhering to Schwalbe’s line and
pulling on the iris. The midface was flattened and the eyes were
widely spaced (Figure 3A). The dentition was still regular, with a
sharp crown and poorly developed permanent teeth, of which
there were currently only four (Figure 3B). The heart borders
were enlarged on percussion. On auscultation, the heart rate was
87 beats/min without arrhythmia, with systolic murmurs (grade
3/6) in the mitral and tricuspid valve areas.

The patient was diagnosed with ARS and secondary
glaucoma in both eyes, and anti-glaucoma surgery was
recommended. Considering the patients young age, advanced
glaucoma, and the risk of non-compliance during awake
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FIGURE 1

Slit-lamp photographs of the right and left eyes. Both eyes show
anterior synechia (long arrows). The left eye shows pupil
deformation and deviation (short arrow), iris atrophy causing the
formation of a localized pore (arrowhead).

FIGURE 2

Fundus photographs showing a normal optic disc in the right
eye and a pale optic disc with a clear border in the left eye
(arrow). The cup-to-disc ratio is 0.3 for the right eye and 0.9 for
the left eye.

¥
(A) The patient has a wide flat nasal bridge, increased distance
between the medial canthi, and flat cheeks. (B) The patient has

fairly normal dentition with a sharp crown and poorly developed
permanent teeth.

FIGURE 3

surgery, anti-glaucoma surgery under general anesthesia was
proposed to reduce the intraoperative stimulation of the
optic nerve. Preoperative echocardiography showed a left
ventricular ejection fraction of 58%, mitral valve thickening
and severe mitral valve closure incompetence (Figure 4A), total
heart enlargement, severe tricuspid valve closure incompetence
(Figure 4B), and reduced right ventricular systolic function.
These findings showed that the patient had poor cardiac
function and was potentially unable to tolerate ocular surgery.
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FIGURE 4

Echocardiography shows (A) severe mitral regurgitation and (B) severe tricuspid regurgitation. (C) Intraoperative photographs show that the
aorta is 1.5cm in diameter, which is significantly smaller than normal. RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle; AML,
anterior mitral leaflet; MR, mitral regurgitation; TR, tricuspid regurgitation; AO, aorta; PA, pulmonary artery.

Therefore, she was treated with diuretics to lower the intraocular
pressure and underwent cardiac surgery to improve her
cardiac function. The patient underwent mitral and tricuspid
valvuloplasty with a #28 Sovering band in the mitral valve and
a #27 Sovering band in the tricuspid valve. Intraoperatively,
the patient was also found to have a hypoplastic aorta with a
significantly smaller aortic diameter than normal for her age
(Figure 4C). The patient recovered well postoperatively, and
postoperative echocardiography showed normal valve function.

Discussion

There are previous reports of ARS in association with
congenital cardiac anomalies such as mitral, aortic, and
pulmonary valve lesions, atrial septal defects, ventricular septal
defects, and arterial trunk malformations (9-14). Gripp et al.
(10) reported a 21-month-old patient with glaucoma who
had congestive heart failure due to a dysplastic arched mitral
valve and a mildly dysplastic left ventricular outflow tract and
aortic valve. Grosso et al. (15) reported a patient with both
mitral valve prolapse and tricuspid stenosis who presented with
mitral and tricuspid valve insufficiency after two valvuloplasty
procedures. Their patient’s father underwent echocardiography
for recurrent dyspnea, which was suggestive of mitral valve
prolapse and tricuspid valve insufficiency (15). The family
reported by Grosso et al. (15) is unusual in that they had
no characteristic facial features of ARS, such as widely spaced
eyes, a wide flat nasal bridge, flat cheeks, an acutely protruding
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lower jaw, an underbite, missing teeth, sparse teeth, a sharp
crown, a central notch in the crown of the tooth, or degenerated
periungual skin (16). Grosso et al. (15) concluded that the
genetic characteristics of the family members were interrelated
and not coincidental, and suggested that their findings might
further support the hypothesis of a new genetic syndrome
as proposed by Cunningham et al. (17). In the present case,
we reported a 17-year-old girl with ARS with secondary
glaucoma who had characteristic significant facial deformities
and dental hypoplasia. Our patient also presented with severe
mitral and tricuspid valve insufficiency, and had a small aortic
diameter. Leaflet plication and repair were successful and well-
tolerated intraoperatively.

Numerous studies have shown that the ocular and extra-
ocular manifestations of ARS are associated with neural
crest dysplasia. Besides, some researchers have suggested that
neural crest dysplasia is related to the pathogenesis of aortic
constriction and mitral aortic valve disease, as neural crest
cells are also present in the heart valves (11, 18). Similarly,
we believe that the heart valve defects observed in our patient
were attributable to a developmental disorder of the neural
crest tissue. To date, three loci associated with ARS have
been identified on chromosomes 4q25, 6p25, and 13q14 (19-
21). Genes for 4q25 and 6p25 have been cloned and are
known as PITX2 and FOXCI, respectively (3, 22, 23). PITX2
is a pair of homologous frameshift genes that regulate the
expression of other genes during embryonic development. Lu
et al. (24). suggested that the PITX2 product may be an effector
from the early embryo stage to the formation of the left
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and right axes of each organ. Expression of the homologous
frame gene PITX2 in the neural crest is required for the
development of the optic stalk and preoptic ganglion. Studies
have demonstrated a direct link between PITX2 deficiency
and abnormal development of cardiac structures, including the
atrioventricular valve (25, 26). Although PITX2c¢ is a major
transcript in mouse and human embryonic and adult hearts and
is primarily responsible for cardiogenesis, PITX2a and PITX2b
are expressed simultaneously during heart development and
play an essential role in the development of the heart (27-29).
The presence of congenital heart malformations in ARS is
reportedly associated with FOXCI mutations (30-32). Swiderski
et al. (33) showed that the mouse homolog of FOXCI,
M(f1, contributes not only to cardiac neural crest cell-derived
structures but also to a range of embryonic tissue-derived
structures, including the endocardial cushion cells that form the
mitral and tricuspid valves; they also referenced cases with mitral
and tricuspid valve insufficiency that support the possibility that
the FOXCI gene may have an important effect on mitral and
tricuspid valve insufficiency in ARS (33). The existing evidence
suggests that individuals with the FOXCI variant are generally
more likely to exhibit an isolated ocular phenotype or to exhibit
a range of systemic features, of which heart defects, hearing loss,
and growth delay are the most common. In contrast, the PITX2
variant is closely associated with the ocular phenotype with
dental anomalies (microdontia, hypodontia) and cord defects
(periumbilical skin, umbilical hernia) (30, 31, 34, 35).

Conclusion

The present patient had the distinct ocular phenotype,
dental anomalies, and mitral and tricuspid valve manifestations
of ARS. The findings in this patient expand the range of
cardiac malformations reported in ARS patients. We believe
that echocardiography should be performed in patients with
characteristic clinical manifestations of ARS or with alterations
in the PITX2 and FOXCI genes.
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Objective: The aim of this study was to investigate the efficacy of
radiofrequency catheter ablation (RFCA) combined with atrial appendage (AA)
resection to treat atrial tachycardia (AT) originating from the AA in children.

Materials and methods: Using the Ensite three-dimensional electroanatomic
mapping system, three children with AT originating from the AA were
diagnosed. Clinical features and electrocardiographic (ECG) manifestations
were analyzed. Ablations were performed using a cold saline-infused catheter
at appendages targeting loci of AT origin under the guidance of the Ensite
system. Atrial appendage resection was performed in combination with
cardiac surgery, and the curative effect was evaluated.

Results: The ages of the three patients were 3.5, 5.75, and 12.9 years. Two
cases originated from the right atrial appendage (RAA) and one originated
from the left atrial appendage (LAA). The ECG characteristics of AT from the
RAA were as follows: (1) negative P waves in lead V1; (2) positive P waves in
leads II, lll, and aVF; (3) positive P wave in lead | with varying shapes in lead aVL;
and (4) prolonged PR interval with no QRS wave after some P waves. The ECG
of the LAA was characterized by (1) positive P waves in lead V1 with a bimodal
pattern; (2) positive P waves in leads Il, Ill, and aVF; and (3) negative P waves in
leads | and aVL. Preoperative echocardiography showed cardiac enlargement
and a decreased left ventricular ejection fraction (LVEF) in all three cases. One
case was cured after RFCA, and the remaining two cases required AA resection
after RFCA. No recurrence was detected at 1-18 months of follow-up, and the
left ventricular end-diastolic diameter and LVEF returned to normal.
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Conclusion: Atrial tachycardia originating from the AA in children showed
a characteristic P-wave presentation on ECG, and sustained episodes of
AT resulted in tachycardia-induced cardiomyopathy. Children who are not
successfully controlled by RFCA or who have a recurrence after RFCA could
benefit from AA resection.

case report,

heart surgery, cardiology, atrial tachycardia,
tachycardia-induced cardiomyopathy,

appendage resection

Introduction

the
characterized by

Atrial  tachycardia  (AT) from
appendage (AA) is

palpitation, chest distress, dyspnea, and other non-specific

originating
atrial clinically
manifestations. Persistent AT is the electrocardiographic
(ECG)
and approximately 25-50% develops tachycardia-induced

characteristic of AT originating from the AA,

cardiomyopathy (TIC), which is characterized by increased
left (LVEDD)
decreased left ventricular ejection fraction (LVEF) (1, 2).

ventricular end-diastolic ~diameter and
Atrial tachycardia originating from the AA in children
accounts for approximately 30-50% of AT cases (3),
which is higher than that in adults. In a study of 60
children with AT by Gulhan et
from the left atrial appendage (LAA) and right atrial
appendage (RAA) accounted for 15.8 and 15.5% of cases,

respectively (4).

al, AT originating

Antiarrhythmic drugs do not adequately mitigate AT,
and catheter radiofrequency ablation (RFCA) is often used
to treat AT. The success rate of RFCA is variable. Freixa
(5) reported that 15 patients with RAA tachycardia had
no recurrence after RFCA, whereas Yamada (6) reported
that 13 patients with LAA tachycardia had no recurrence
after RFCA. The recurrence of AT following RFCA maybe
10-20% (7). In cases of recurrence, a second ablation or
other treatments were needed (8). For cases of ablation
failure or recurrence after ablation, AA resection was an
option (9).

In this report, three children were diagnosed with
AT wusing surface ECG and were determined to have
originated from the AA using Ensite’s three-dimensional
mapping system. Each of the patients was treated using
RFCA. Notably,
immediately, one patient experienced ablation failure, and

one patient was successfully ablated
one patient underwent successful ablation but experienced
recurrence. In the latter two cases, small incision LAA
and thoracoscopic RAA resection were performed during

cardiothoracic surgery.
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atrial appendage,
radiofrequency catheter ablation, atrial

Subjects and materials and
methods

General information

In this study, three children with AT who were admitted to
the Department of Cardiovascular Medicine, Wuhan Children’s
Hospital for RFCA to treat AT that originated from the AA were
included. The ages were 3.5, 5.75, and 12.9 years, with two girls
and one boy. Antiarrhythmic drugs failed to convert the patients
to sinus rhythm. Atrial tachycardia was determined to originate
from the LAA in one case and from the RAA in two cases, as
determined by intracardiac mapping and RFCA.

Diagnostic criteria

Atrial tachycardia was diagnosed based on the following
surface ECG criteria (10): (1) narrow QRS tachycardia and (2)
P waves present in the front of the QRS waves or hidden in the
QRS or T waves, resulting in differences from sinus P shape.

Surgical protocol

Electrophysiological examination
children
antiarrhythmic drugs for more than 5 half-lives. During the

Before surgical procedures, stopped  using
operation, 100°U/kg of intravenous heparin was given for
anticoagulation. Aspirin (3-5 mg/kg/day) was administered
orally for 1°month after any operation involving the LAA. The
electrophysiological examination was performed under general
anesthesia without intubation. After the puncture through the
left subclavian vein, a 6F vascular sheath was inserted, and
the coronary sinus mapping electrode was inserted. After the
puncture through the left femoral vein, a 6F vascular sheath
was placed near the right ventricular electrode. The ablation
catheter was delivered after inserting an 8F vascular sheath

through the right femoral vein puncture.
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FIGURE 1

Preoperative and postoperative electrocardiographic (ECG) of atrial tachycardia (AT) from atrial appendage (AA). (A) Case 1: persistent AT. The
ventricular rate was 137-200 bpm; P waves in lead V1 were negative, and P waves in V3-V6 gradually moved in the positive direction; P waves
in leads I, 1, lll, and aVF were positive, and P waves in lead aVL were negative; the PR interval was prolonged, with no QRS wave after partial P
wave. (B) Case 1: ECG after radiofrequency catheter ablation (RFCA). Sinus rhythm; P waves in leads |, I, Ill, aVF, and V1-V6 were positive, and
the HR was 110 bpm. (C) Case 2: persistent AT. The ventricular rate was 142 bpm; P waves in lead V1 were positive and bimodal; P waves in leads
II, 11, and aVF were positive; P waves in leads | and aVL were negative. (D) Case 2: ECG after left atrial appendage (LAA) resection. sinus rhythm; P
waves in leads | and aVL were positive, and the HR was 120 bpm. (E) Case 3: persistent AT. The ventricular rate was 145 bpm; P waves in lead V1
were negative, and P waves in leads V2-V6 gradually moved in the positive direction; P waves in leads |, Il, I, aVF, and aVL were positive; the PR
interval was prolonged. (F) Case 3: ECG after RAA resection. Sinus rhythm; P waves in leads |, I, Ill, aVF, and V1-V6 were positive, and the HR
was 108 bpm. AT, atrial tachycardia; bpm, beats per minute; RFCA, radiofrequency catheter ablation; ECG, electrocardiogram; LAA, left atrial
appendage; RAA, right atrial appendage; HR, heart rate.
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Radiofrequency ablation

(1) Using the Ensite system, atrial modeling and AT
activation mapping were performed, and three-dimensional
images of the anatomy and activation sequence of the atrium
and AA were constructed. If AT originated from the left atrium,
a puncture was performed through the atrial septum, and the
ablation catheter was introduced into the left atrium through the
long sheath for mapping. Each part of the cardiac chamber was
marked using different colors based on excitation times. Red was
the earliest excitation point, and purple was the last. The earliest
excitation point was identified through accurate mapping of the
red area. If the rough mark showed the origin of the deep part
of the AA or the special shape of the AA, it was necessary to
perform radiography first, and then perform fine mapping after
clearly showing the shape of the AA.

(2) A cold saline infusion catheter or a pressure cold
saline infusion catheter was selected, and 17 ml/min of cold
saline was introduced to maintain a temperature of 43°C
and a power of 20-35 W. If the ablation was effective, the

10.3389/fcvm.2022.990325

ablation was consolidated for 60 s (s) per point. AT was not
observed 20 min after ablation. Atrial program stimulation
after intravenous isoprenaline drip and regular atrial program
stimulation did not induce AT.

Atrial appendage resection

Atrial tachycardia originating from the AA that was not
controlled by RFCA was treated by AA resection as follows. (1)
Thoracoscopic RAA resection. Incisions were made among the
eighth intercostal space of the right posterior axillary line, the
fourth intercostal space of the middle axillary line, and the fifth
intercostal space of the anterior axillary line. A thoracoscope,
operating forceps, and electrocoagulation hook were placed in
the Trocar. The right pericardium was opened to expose the
right atrium and RAA. Using non-invasive forceps, the RAA was
pulled open and removed using an endoscopic cutting stapler.
(2) LAA resection. A posterolateral incision was made in the left
chest, and the pericardium was opened to expose the left atrium
and LAA. The root of the LAA was clamped with a C-clamp, and

TABLE 1 Clinical features and efficacy analysis of three cases of atrial tachycardia originating from the atrial appendage.

Case 1 Case 2 Case 3
Gender female female male
Age 3.5 years 5.75 years 12.9 years
Body mass (kg) 15 23 34

Chief complaint Tachycardia was found for
5 days
AT frequency (bpm) 200
CK-MB (U/L) 26
Troponin T (ng/ml) 0.068
BNP (pg/ml) > 9000
Preoperative ECG Sustained AT
The orgin of AT RAA
Preoperative LVEDD (mm) 40
Preoperative LVEF (%) 42
antiarrhythmic agents amiodarone
treatment RFCA
Postoperation of RFCA ECG sinus rhythm
LVEDD (mm) 39
LVEF (%) 50
Postoperation of AA resection ECG -
LVEDD (mm)
LVEF (%)
1°month after the operation ECG sinus rhythm
LVEDD (mm) 36
LVEF (%) 53
1°year after the operation ECG sinus rhythm
LVEDD (mm) 35
LVEF (%) 65

Syncope once 3 days ago

Palpitation for 2 years

160 145
17 17
0.113 0.066
2768\ 181
Sustained AT Sustained AT
LAA RAA
45.8 45
29 45
cedilanid, amiodarone propafenone, amiodarone, digoxin,
betaloc
RFCA combined with LAA RFCA combined with thoracoscopic
resection RAA resection
paroxysmal AT AT
sinus rhythm sinus rhythm
42.6 44
33 52

sinus rhythm

sinus rhythm

37 42

46 56
sinus rhythm -

35

60

bpm, beats per minute; CK-MB, creatine kinase-MB; BNP, brain natriuretic peptide; ECG, electrocardiogram; AT, atrial tachycardia; RAA, right atrial appendage; LAA, left atrial
appendage; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; RFCA, radiofrequency catheter ablation; AA, atrial appendage.
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the LAA was completely removed. The excised left and right AA
was sent for pathological examination.

Follow-up

All patients underwent continuous 12-lead ECG, 24-h
ambulatory ECG, and echocardiography before discharge.
The patients were followed up using 12-lead ECG and
echocardiography, and if necessary, a 24-h ambulatory ECG, at
1, 3, 6, and 12 months, and every year thereafter.

Results

In this study, three cases of AT originating from the AA were
included, with a history of 3 days to 2 years of persistent AT that
failed to respond to antiarrhythmic drugs. Echocardiography
showed an enlarged heart with LVEDDs of 40, 45.8, and 45 mm,
and LVEFs of 42, 29, and 45%, respectively (Table 1).

Electrocardiogram characteristics of AT originating from
the RAA in 2 cases included the following: (1) P waves in lead
V1 were negative, and the precordial lead gradually moved in
the positive direction; (2) P waves in leads II, III, and aVF were
positive; (3) P waves in lead I were positive; and (4) the PR
interval was prolonged, with no QRS waves after some P waves
(Figure 1).

Electrocardiogram characteristics of AT originating from
the LAA in 1 case were as follows: (1) P waves in lead V1 were
positive and double-peaked; (2) P waves in leads II, III, and aVF
were positive; and (3) P waves in lead I and aVL were negative
(Figure 1).

Three children with AT from the AA were treated by
RFCA. In case 1, the earliest excitation point was marked
at the peak of RAA during the operation. The catheter
was perfused with cold saline, and the ablation parameters
(43°, 35 W, 17 ml/min) were selected, and the pressure
was controlled at 5-10 g. Atrial tachycardia was terminated
after acceleration, and consolidation ablation was performed
four times for 60 s. Atrial tachycardia could not be induced
by regular atrial programed stimulation or atrial programed
stimulation following intravenous isoprenaline drip. In case
2, the A wave at the apex of the LAA occurred earliest
during the operation. The catheter was perfused with cold
saline, and the ablation parameters (43°, 20-30 W, 17 ml/min)
were selected, with the pressure controlled at 5 g. Atrial
tachycardia converted to sinus rhythm temporarily but returned
to AT after a few seconds. Sinus rhythm and AT appeared
alternately in the child after 40 s x 5 times consolidation
ablation around this area. Because the best target was located
at the apex of the LAA and the ablation risk was high,
resection of the LAA was performed through the posterior
lateral incision of the left chest combined with cardiothoracic
surgery. In case 3, meticulous mapping was performed from
outside to inside along the RAA. The earliest excitation
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FIGURE 2

Three-dimensional electroanatomical mapping.

(A) Three-dimensional electroanatomical mapping of case 1
showed the atrial tachycardia (AT) from right atrial appendage
(RAA): the earliest excitation point in the red area is the RAA, the
red circle is the ablation target, and the blue circle is the best
ablation target. (B) Three-dimensional electroanatomical
mapping of case 2 showed the AT from left atrial appendage
(LAA): the earliest excitation point in the red area is LAA, the red
circle is the ablation target, and the blue circle is the best
ablation target. (C) The electrogram of the target site of case 2:
during the ablation, the atrial activation sequence was changed
from CS1-2 to CS9-10 to CS9-10 to CS1-2.

(D) Three-dimensional electroanatomical mapping of case 3
showed the AT from RAA: the earliest excitation point in the red
area is the RAA, the red circle is the ablation target, and the blue
circle is the best ablation target. The sequence of atrial
activation did not change significantly, but the shape of the A
wave and the AA interval was changed. AT, atrial tachycardia;
LAA, left atrial appendage; RAA, right atrial appendage
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FIGURE 3

Excised atrial appendage and pathology (200x). (A) Case 2: the image of the left atrial appendage (LAA) during the operation. (B) Case 2: the
excised LAA. (C,D) Case 2: postoperative pathology. Striated muscle and fibrous adipose tissue of LAA, local tissue degeneration. (E) Case 3: the
image of the right atrial appendage (RAA) during the operation. (F) Case 3: the excised RAA. (G,H) Case 3: postoperative pathology. The
arrangement of myocardial fibers in the RAA was disordered, some myocardial nuclei were enlarged, some muscle fibers showed granular
degeneration and vacuoles, and tiny necrosis foci could be seen locally. LAA, left atrial appendage; RAA, right atrial appendage.

point was marked at the tip of the middle part of the Discussion
RAA, the ablation parameters (43°, 25-35 W, 17 ml/min)

were selected, and the pressure was controlled around 5- Atrial tachycardia originating from the AA shows
10 g. Atrial tachycardia was terminated after acceleration, characteristic P wave changes on ECG. Electrocardiograms
and consolidation ablation was performed for 60 s. After the of AT originating from the RAA showed the following: (1)
operation, AT recurred, and thoracoscopic RAA resection was P waves in lead V1 were negative, some of which included
performed in combination with cardiothoracic surgery. During notches, and the other precordial leads gradually move in a
the atrial appendectomy, ECG monitoring suggested that atrial positive direction; (2) P waves in leads II, III, and aVF were
tachycardia was terminated after the atrial appendage was positive; and (3) P waves in lead I were positive or on the
clamped. Figure 2 shows three-dimensional mapping shown in, equipotential line, were positive or negative in lead aVL, and
and Figure 3 shows postoperative pathology. were negative or on the equipotential line in lead aVR (11-13).
After the operation, all three children recovered In contrast, the ECG of AT from LAA showed the following:
sinus rhythm (Figure 1). Follow-up from I1°month to (1) P waves in lead V1 are positive; (2) P waves in leads II, III,
1.5 years showed no recurrence of AT, and heart size and and aVF were positive; and (3) P waves in leads I and aVL were
ejection fraction gradually recovered (Figures 1, 4 and negative (11, 14, 15). In this report, the P waves in the ECGs of 2
Table 1). cases of AT from the RAA and 1 case of AT from the LAA were
The time line of the three cases showed in Figure 5. consistent with these characteristics.
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Preoperative and postoperative echocardiography of atrial tachycardia (AT) from the atrial appendage. (A) Case 1: preoperative
echocardiography. Left ventricular end-diastolic diameter (LVEDD) 40 mm, left ventricular ejection fraction (LVEF) = 42%. (B) Case 1:
echocardiography 1°month after radiofrequency catheter ablation (RFCA). LVEDD 37 mm, LVEF = 53%. (C) Case 2: preoperative
echocardiography. LVEDD 45.8 mm, LVEF = 29%. (D) Case 2: echocardiography 1°month after LAA resection. LVEDD 37 mm, LVEF = 46%.

(E) Case 3: the left picture shows preoperative echocardiography. LVEDD 45 mm, LVEF = 45%. (F) Case 3: echocardiography 1°month after RAA
resection. LVEDD 42 mm, LVEF = 56%. LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; RFCA,
radiofrequency catheter ablation; LAA, left atrial appendage; RAA, right atrial appendage

The comb muscles on the inner wall of the AA are developed
and have differing thicknesses. Atrial tachycardia originating
from this site may have multiple excitation loci and may radiate
in all directions, resulting in a low success rate of RFCA (8).
Due to the thin myocardial tissue between the pectinate muscles
of the AA, RFCA in this area can cause the perforation of
the AA, resulting in pericardial tamponade. Therefore, AT
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originating from the AA is easily mapped and difficult to
ablate, resulting in a high rate of recurrence (16). In the
three cases in our study, we used the Ensite three-dimensional
mapping system to guide mapping and ablation. Ablations were
performed via a cold saline-infused catheter, and the pressure
and ablation temperature were controlled. A contrast agent was
introduced through the catheter to allow for better mapping
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FIGURE 5

The timeline of the three cases. (A) The timeline of case 1. (B) The timeline of case 2. (C) the timeline of case 3.

of the earliest excitation point (17). Catheter introduction was one case was successfully ablated, but AT recurred. In the
carefully performed to reduce the risk of pericardial perforation last two cases, small incision LAA resection and thoracoscopic

and AA thrombosis. Successful ablation occurred immediately

RAA resection were performed during cardiothoracic surgery,

in one patient, one case could not be successfully ablated, and respectively. For failed ablation or postoperative recurrence of
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AT, AA resection resulted in less trauma, longer-lasting curative
effects, and a better long-term prognosis (11, 18).

Compared with traditional transthoracic incision surgery,
video-assisted thoracoscopic surgery results in less bleeding
during the operation, faster recovery, and less scarring.
However, only one case of video-assisted thoracoscopic surgery
has been reported in a child (19). In addition, there was a
report of a 13-year-old boy who underwent thoracoscopic clamp
RFCA to treat AT that originated from the RAA following the
failure of catheter ablation (20). Losantos reported a 21-year-
old woman with LAA tachycardia who underwent successful
ablation in the epicardium following two failed endocardial
ablation procedures (21). Combined ablation and exclusion of
the LAA were reported in a 10-year-old boy for treatment of
AT using video-assisted thoracoscopic surgery (22). These cases
provided valuable information regarding the treatment of AT
originating from the AA.

Histopathological examination found that there were local
degenerative and necrotic foci in the excised atrial appendage
specimens, which were considered the ablation target. The
myocardial cells showed granular degeneration, vacuolar
degeneration, fibrous tissue proliferation, and inflammatory
cell infiltration.

In our three cases, AT lasted from 3 days to 2 years,
and each case resulted in TIC, which was characterized by
increased LVEDD and decreased LVEF. Each of the three
patients was treated with several antiarrhythmic drugs before
undergoing RFCA, but no therapeutic effects were observed.
After RFCA and AA resection, the ECGs showed recovery
of sinus rhythm, and LVEDD and LVEF gradually recovered
in each patient. These findings showed that cardiomyopathy
caused by tachycardia was reversible. Studies have shown that
the median duration required for LVEF to return to normal
in children with TIC caused by AT was 1.5 months, while
reverse ventricular remodeling required several months to
years to complete (23, 24). In this report, two cases returned
to normal LVEDD and LVEF at 1-year follow-up, and one
case improved on the second day after surgery. However,
long-term data were not available due to the short follow-up
period. Additional follow-up appointments will be scheduled to
monitor these patients.

In summary, AT originating from AA in children showed
characteristic P-wave manifestations on ECG, and persistent AT
resulted in TIC. For children who cannot be cured using RFCA
or who relapse after an operation, AA resection may be a reliable
therapeutic approach.
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Left main coronary artery atresia
in a 2-year-old toddler with de
novo heart failure: Case report
and review of the literature

Sahar Asl Fallah!, Mohammad Mahdavi?,
Kiara Rezaei-Kalantari®*, Salah D. Qanadli® and
Saeed Mirsadraee*®

Tehran Heart Center, Tehran University of Medical Sciences, Tehran, Iran, 2Rajaie Cardiovascular
Medical and Research Center, Iran University of Medical Sciences, Tehran, Iran, *Cardiothoracic and
Vascular Division, Department of Diagnostic and Interventional Radiology, Lausanne University
Hospital and University of Lausanne, Lausanne, Switzerland, “Department of Radiology, Royal
Bromton Hospital, London, United Kingdom, *National Heart and Lung Institute, Imperial College
London, London, United Kingdom

Congenital coronary anomalies are among the rare disorders of the otherwise
normal heart. A 2-year-old toddler was evaluated for de novo heart failure after
a flu-like event 2 months before being suspicious of post-Covid-19 dilated
cardiomyopathy. The cardiac magnetic resonance (CMR) technique displayed
the basal to mid subendocardial to transmural scar, suggestive of an ischemic
etiology. Further assessment with CT and invasive angiography confirmed the
very uncommon left main coronary artery atresia (LMCAA) as the main cause
of the patient’s heart failure. This is not only the first reported LMCAA case that
had undergone a CMR study but was also initially suspected with characteristic
CMR findings.

KEYWORDS

cardiac magnetic resonance (CMR), de novo heart failure, congenital coronary
anomaly, left main artery atresia, anomalous left coronary artery from the pulmonary
artery (ALCAPA)

Introduction

Congenital coronary anomalies are rare disorders with a reported prevalence of
0.6-1.3% in angiographic series (1). Left main coronary artery atresia (LMCAA) is
one of the least prevalent anomalies where the ostium of the left main (LM) artery
is absent and the left anterior descending artery (LAD) and the left circumflex artery
(LCX) connect blindly without direct origin from other vessels or cardiac chambers (2).
While CT angiography (CTA) is the preferred method for the anatomic evaluation of
coronary arteries (3), cardiac magnetic resonance (CMR) also plays an important role in
myocardial tissue characterization for treatment strategy. We reported a case of LMCAA
referred for CMR due to recent symptoms of heart failure. Written informed consent was
obtained from the father of the patient for the publication of any potentially identifiable
images or data included in this article.
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FIGURE 1
ECG demonstrating sinus tachycardia, pathologic Q waves in
leads I, AVL, and V4-V6.

Case report

A 2-year-old toddler presented to a clinic with recent
onset of abdominal pain, irritation, and failure to thrive. The
patient had experienced flu-like symptoms 2 months before
being suspicious of the COVID-19 infection. Outpatient workup
revealed significantly dilated left ventricle (LV) and impaired
systolic LV function with an EF of 20-25% and severe functional
mitral regurgitation (MR). On physical examination, S1, S2, and
S3 were audible with an early systolic grade 4 murmur. The
patient’s lungs were clear. Electrocardiography showed sinus
tachycardia (150 bpm) and deep Q waves in leads I, AVL,
V4, V5, and V6 in favor of chronic LV myocardial injury
(Figure 1). Cardiac troponin, ESR, and CRP levels were normal.
The ProBNP level increased (1,950 pg/ml) and COVID-19 PCR
was tested negative.

Cardiac magnetic resonance was performed to investigate
the possible underlying pathology, which confirmed severe LV
dilation, severely reduced systolic function (LVEF: 22%), and
severe MR (Figure 2). Late gadolinium enhancement (LGE)
sequence demonstrated subendocardial to transmural scar in
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the basal and especially at the mid anterior and anteroseptal
segments, raising suspicion of an ischemic insult. Gated CT
coronary angiography (Figure 3) demonstrated an absent LM
stem with a centripetal filling of the small caliber confluent
LAD and circumflex, likely from collaterals from a dilated
right coronary artery. Angiography confirmed the LM atresia
with a retrograde collateral filling of LAD and LCX arteries
from a dominant RCA. There was no connection to the
pulmonary arterial branches (Figure 4; Supplementary Videos 1,
2). Considering the extent of myocardial fibrosis, small-
sized coronary arteries and LV remodeling were required,
and according to the decision of heart team specialists, the
patient underwent medical treatment for heart failure and was
scheduled for a heart transplant.

Discussion

To our knowledge, this is the first LMCAA case suspected
initially from the findings of CMR of characteristic ischemic
LGE pattern and further confirmed by the CTA and
invasive angiography.

The left main coronary artery atresia is one of the rarest
congenital coronary anomalies with <100 reported cases, in
which an enlarged RCA is responsible to provide perfusion
for the left system via collaterals. The clinical presentation
depends mostly on the capacity and size of collateral arteries
and the site of their connection to the left system and is variable
from asymptomatic to congestive heart failure, syncope, and
sudden cardiac death (SCD) (2, 4). Small and distally connected
collaterals are indicative of poor outcomes compared to larger,
more prominent, and proximally connected ones (1).

A case series study with a review of the literature, which
was published in 2019, analyzed previously reported cases of
50 pediatric patients and 45 adult patients with LMCAA. In
total, 88% of the pediatric group was symptomatic while 79%
of the adult group was symptomatic. Heart failure was reported
to be the most common finding in pediatric patients occurring
in 44%, followed by syncope (28%). In the adult group, angina
was the most prevalent symptom (48.8%) followed by exertional
dyspnea (14%). Sudden cardiac death was reported in 10 and 7%
of the pediatric and adult groups, respectively (2).

The coronary artery anatomy and anomalous origins are best
visualized with multislice CTA due to its high spatial resolution
and reconstruction techniques (3). Invasive angiography is used
to help confirm the diagnosis (1, 2).

Differentiating LMCAA from other conflicting diagnoses
such as absent LM with a single coronary artery, an anomalous
left coronary artery from the pulmonary artery (ALCAPA),
and secondary occlusion of LM coronary artery is crucial
(Supplementary Table 1).

The left main coronary artery atresia is completely different
from absent LM with a single coronary artery, which occurs
in <1% of congenital coronary anomalies (5). It is a condition
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FIGURE 2

scar concentrated in mid-anteroseptal and anterior LV segments.

Late gadolinium enhancement (LGE) sequence images in short (A—C) and long (D) axis views show subendocardial (thin arrows) to transmural

FIGURE 3

Maximum intensity projection (A) and volume rendered (B) CT
images demonstrate an absence of the LM artery with
proximally connected left anterior descending artery (LAD) and
left circumflex artery (LCX)

where a single ostium coronary artery from the aortic trunk may
have either RCA or LM origin and divides proximally to take
a normal RCA/LCA course or a totally different coronary tree

Frontiers in Cardiovascular Medicine

with the antegrade flow (6). This is mostly taken as a normal
variation since it rarely causes symptoms (7). In both LMCAA
and single coronary with right coronary cusp origin, RCA is
dilated; however, in LMCAA, the blood supply to the left system
is retrogradely perfused by collaterals (1).

Another common misdiagnosis for LMCAA is ALCAPA
occurring in 1 in 300,000 live births (3). A total of 26% of
pediatric patients reported in Alsalehi et al.’s (2) review were first
misdiagnosed with ALCAPA. In both ALCAPA and LMCAA,
RCA is dilated; however, in ALCAPA, the proximal part of
the left system finally drains to the pulmonary artery. An
accurate diagnosis of LMCAA from ALCAPAS is important for
preoperative planning and pulmonary artery division (2, 6).

An anomalous left coronary artery from the pulmonary
artery causes chronic ongoing myocardial hypoperfusion
leading to myocardial hibernation, which dramatically
improves after coronary reimplantation (6, 8). CMR has
the advantage of distinguishing hibernated from irreversibly
infarcted myocardium (9). In a case series of patients with
ALCAPA undergoing CMR, only 25% of patients with ALCAPA
showed scar in their LGE sequence, which validated the

frontiersin.org


https://doi.org/10.3389/fcvm.2022.898467
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Asl Fallah et al.

10.3389/fcvm.2022.898467

FIGURE 4

Invasive angiography (A—C) showing the dominant RCA [Thick arrow in (A)] retrogradely filling the left system via collaterals [Thin arrows in (B)]
and no antegrade flow in left cusp injection (C) confirming left main atresia (arrowhead).

fact that myocardium is mainly viable despite depressed
ventricular function (8). Nonetheless, no CMR or clinical data
in patients with LMCAA on myocardial viability or functional
reversibility after revascularization have been reported to
this date. Regarding the retrograde flow dynamic pattern of
coronary arteries in both LMCAA and ALCAPA, the ischemic
scar might have basal/mid LV segment predilection due
to more downstream locations in the retrograde perfusion
pathway. However, further investigation is required for a
thorough assessment.

Total occlusion of the LM has a relatively similar
manifestation to LMCAA as demonstrated in reported cases
of arteritis by Takayasu (10) and Kawasaki (11); Cross-
sectional imaging often reveals the occluded portion, sometimes
accompanied by adjacent aortic wall thickening.

Patients with LMCAA should undergo surgical correction
with the restoration of the antegrade flow to the left coronary
system either by osteoplasty or bypass grafting. Otherwise,
the condition deteriorates gradually with a poor outcome. In
instances in which reperfusion is not possible (due to small
coronary artery diameter) or not effective (due to extensive
transmural myocardial scar), the treatment strategy will focus
on heart failure management till the provision of condition for
heart transplantation as the last remaining option.

Data availability statement
The original contributions presented in the study are

included in the article/Supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation

Frontiers in Cardiovascular Medicine

81

and institutional requirements. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin. Written informed consent was obtained
from patient father for the publication of any potentially
identifiable images or data included in this article.

Author contributions

SA, KR-K, and MM contributed to gathering data and
writing the original draft. SQ and SM contributed to editing and
reviewing the manuscript. All authors contributed to the article
and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fcvm.2022.898467/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fcvm.2022.898467
https://www.frontiersin.org/articles/10.3389/fcvm.2022.898467/full#supplementary-material
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Asl Fallah et al.

References

1. Tanawuttiwat T, O’Neill BP, Schob AH, Alfonso CE. Left main coronary
atresia. | Card Surg Include Mech Biol Supp Heart Lungs. (2013) 28:37-
46. doi: 10.1111/jocs.12044

2. Alsalehi M, Jeewa A, Wan A, Contreras ], Yoo SJ, Laks JA, et al. case series of
left main coronary artery ostial atresia and a review of the literature. Cong Heart
Dis. (2019) 14:901-23. doi: 10.1111/chd.12842

3. Heermann P, Heindel W, Schuelke C. Coronary artery anomalies:
diagnosis and classification based on cardiac CT and MRI (CMR)-from
ALCAPA to anomalies of termination. RoFo: Fortschritte auf dem Gebiete der
Rontgenstrahlen und der Nuklearmedizin. (2016) 189:29-38. doi: 10.1055/s-0042-
119452

4. Angelini P. Coronary artery anomalies: an entity in search of an identity.
Circulation. (2007) 115:1296-305. doi: 10.1161/CIRCULATIONAHA.106.618082

5. Yturralde E Nesto R, Wald C. Congenital single coronary artery with an
absent left main coronary artery. J Cardiovasc Comput Tomogr. (2008) 1:50-
1. doi: 10.1016/j.jcct.2007.11.002

6. Pandey NN, Sinha M, Sharma A, Rajagopal R, Bhambri K, Kumar
S. Anomalies of coronary artery origin: evaluation on multidetector CT

Frontiers in Cardiovascular Medicine

82

10.3389/fcvm.2022.898467

angiography. Clin Imag. (2019) 57:87-98. doi:

05.010

10.1016/j.clinimag.2019.

7. Chou M, Chen C. Left main coronary artery atresia. Acta Cardiol Sin.
(2007) 23:273.

8. Latus H, Gummel K, Rupp S, Mueller M, Jux C, Kerst G, et al. Cardiovascular
magnetic resonance assessment of ventricular function and myocardial scarring
before and early after repair of anomalous left coronary artery from the pulmonary
artery. J Cardiovasc Magn Reson. (2014) 16:1-9. doi: 10.1186/1532-429X-16-3

9. Bhalgat P, Naik A, Salvi P, Bhadane N, Shah K, Paunipagar B, et al. Cardiac
magnetic resonance imaging, myocardial scar and coronary flow pattern in
anomalous origin of left coronary artery from the pulmonary artery. Indian Heart
J. (2018) 70:303-7. doi: 10.1016/j.ihj.2017.08.004

10. Limsuwan A, Khowsathit P, Pienvichit P. Left main coronary occlusion
from Takayasu arteritis in an 8-year-old child. Pediatric Cardiol. (2007) 28:234-
7. doi: 10.1007/s00246-006-0080-6

11. Madhavan S, Sathish G. Left main coronary artery ostial occlusion
in a young man: late sequelae of Kawasaki’s disease? Heart Asia. (2015)
7:15. doi: 10.1136/heartasia-2014-010598

frontiersin.org


https://doi.org/10.3389/fcvm.2022.898467
https://doi.org/10.1111/jocs.12044
https://doi.org/10.1111/chd.12842
https://doi.org/10.1055/s-0042-119452
https://doi.org/10.1161/CIRCULATIONAHA.106.618082
https://doi.org/10.1016/j.jcct.2007.11.002
https://doi.org/10.1016/j.clinimag.2019.05.010
https://doi.org/10.1186/1532-429X-16-3
https://doi.org/10.1016/j.ihj.2017.08.004
https://doi.org/10.1007/s00246-006-0080-6
https://doi.org/10.1136/heartasia-2014-010598
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

& frontiers | Frontiers in Cardiovascular Medicine

@ Check for updates

OPEN ACCESS

EDITED BY
Utpal S. Bhalala,

Driscoll Children's Hospital,
United States

REVIEWED BY
Hari Gourabathini,

Indiana University South Bend,
United States

Suresh Kumar Angurana,

Post Graduate Institute of Medical
Education and Research
(PGIMER), India

*CORRESPONDENCE
Hanbo Tang
tanghanbo75@163.com

SPECIALTY SECTION

This article was submitted to
Pediatric Cardiology,

a section of the journal

Frontiers in Cardiovascular Medicine

RECEIVED 12 September 2022
ACCEPTED 21 October 2022
pUBLISHED 07 November 2022

CITATION

Ai C, Lv X, Qi X and Tang H (2022) Case
report: Right coronary artery
rupture—A rare complication of
cardiopulmonary resuscitation.

Front. Cardiovasc. Med. 9:1042593.
doi: 10.3389/fcvm.2022.1042593

COPYRIGHT
© 2022 Ai, Lv, Qi and Tang. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Frontiers in Cardiovascular Medicine

TYPE Case Report
PUBLISHED 07 November 2022
pol 10.3389/fcvm.2022.1042593

Case report: Right coronary
artery rupture—A rare
complication of
cardiopulmonary resuscitation

Chenchen Ai, Xiaobo Lv, Xuehong Qi and Hanbo Tang*

Cardiovascular Center, Gansu Provincial Maternity and Child-Care Hospital, Lanzhou, China

An 8-month-old female experienced a life-threatening right coronary artery
rupture resulting from cardiopulmonary resuscitation (CPR) 1 week after
corrective surgery for Tetralogy of Fallot (TOF). Emergency exploratory
thoracotomy was performed due to uncorrectable hemorrhagic shock. During
exploration, active bleeding was detected in the anterior branch of the right
ventricular coronary artery. After the repair, the patient’'s condition improved.
Coronary artery rupture is an extremely rare complication of CPR. Here, we
present a case that provides new reflections and warnings to clinicians.

KEYWORDS

cardiovascular injury, coronary artery rupture, hemorrhagic shock, chest
compression, cardiopulmonary resuscitation

Introduction

Effective chest compression is the key to successful cardiopulmonary resuscitation
(CPR). Reports of cardiovascular injury secondary to chest compression are limited.
Among these, coronary artery lacerations have rarely been reported. Owing to the
absence of awareness of this type of complication, CPR-associated coronary injury
may not be identified in a timely fashion. In particular, in this case, we present that
some misleading information inhibited accurate judgement of the condition in time.
Coronary artery rupture has a high risk of mortality and, once identified, timely surgical
intervention is warranted. Here, we describe a case of rupture of the right coronary artery
secondary to CPR in an infant patient who underwent corrective surgery for Tetralogy
of Fallot (TOF).

Case description

An 8-month-old female patient with TOF was admitted to our heart center.
The patient underwent corrective surgery for TOF after completion of the relevant
examination, and written informed consent was obtained from parents. The procedure
was performed smoothly. Postoperatively, a bedside transthoracic echocardiogram
demonstrated that the patient’s cardiac function had improved noticeably. Owing
to the small amount of drainage liquid, the pericardial drainage tube was removed
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FIGURE 1

or pericardial effusion on echocardiogram in left ventricular long-axis view.

Imaging findings. (A) Chest X-ray shows bilateral drainage tubes and no obvious signs of pleural effusion. (B) No signs of pericardial tamponade

FIGURE 2

(A,B) Active bleeding from the anterior right ventricular branch (a
branch of the right coronary artery) observed at different angles
in the same operative field during exploratory thoracotomy.

on postoperative day three. However, the patient developed
a pulmonary infection postoperatively, thus the tracheal
intubation was left in place. Chest radiography indicated
bilateral pleural effusion; therefore, closed thoracic drainage was
performed. Light yellow clear fluid was observed in the left
drainage tube, and light bloody clear fluid was observed in
the right drainage tube. Laboratory examination of the pleural
effusion suggested an exudative pleural effusion.

Thereafter, the vital signs were stable. There was no
fever and the infection indicators were not high. The infants
circulatory and respiratory conditions were stable, and tracheal
intubation was expected to be removed if there was no
change in condition. An acute alteration occurred in the
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patient’s condition on postoperative day seven after chest
radiography. The patient developed an unstable condition with a
reduced heart rate, hypotension, and hypoxemia that progressed
rapidly to cardiac arrest. Effective CPR was initiated and the
possible causes of cardiac arrest were evaluated. Unplanned
extubation was identified as the most probable cause of cardiac
arrest. After 10 min uninterrupted resuscitation, spontaneous
respiratory and normal circulation returned. However, clinical
observation revealed that the pre-existing thoracic drainage
tube on the right side continuously drained hemorrhagic
fluid, which was complicated by decreasing hemoglobin and
blood pressure. The patient presented with progressive anemia
and hypovolemic shock. After aggressive fluid resuscitation,
hemorrhagic shock persisted. A bedside ultrasound was
performed, and pericardial tamponade and effusion were not
found. In addition, no significant pleural effusion was observed
on repeat chest radiography (Figure 1). Therefore, emergency
exploratory thoracotomy was required, given that intercostal
vessel injury or intrathoracic injury during the rescue process
might be possible reasons for persistent thoracic cavity bleeding.
After informed consent was obtained from the immediate
family, exploratory surgery was performed. The chest was
entered through the original median sternal incision, and a small
number of blood clots and fresh bleeding were observed in the
mediastinum. After cleaning the accumulated blood, exploration
continued to reveal active bleeding in the anterior branch of the
right ventricular coronary artery which had a half a millimeter
long tear (Figure 2). Because the tear was small, we repaired
it directly using a 7-0 Prolene suture. The bleeding stopped
immediately, and the patients condition gradually stabilized.
In addition, a 1cm tear was found in the right pleura that
communicated with the anterior mediastinum. Opening of the
right pleura and continued exploration of the right thoracic
cavity revealed no active bleeding. During 30 min observation,
no ST segment changes were observed on electrocardiography.
After sternal closure, the patient was returned to the cardiac
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FIGURE 3
Postoperative electrocardiogram findings. No significant ST-T changes on postoperative electrocardiogram

intensive care unit (CCU). The patient’s postoperative ECG
showed no significant ST-T changes (Figure 3). The patient
subsequently recovered successfully and was extubated on
day three after exploratory thoracotomy and coronary repair
surgery, transferred out of the CCU on day six, and discharged
on day 15. At the follow-up 3 months after discharge,
the patient’s cardiac function had recovered well and blood
indicators were normal.

Discussion

High-quality external chest compression is the cornerstone
of successful CPR. In some circumstances, this urgent medical
process is accompanied by iatrogenic injuries, such as closed
injuries or fractures of the chest and abdomen. Rib and
sternal fractures are the most common complications of chest
compression (1). However, vital internal organs, including the
heart and vessels, can also be injured during this medical
maneuver (2, 3).

Coronary artery rupture is often closely linked to
percutaneous coronary intervention (PCI). It is also associated
with macrovascular diseases such as dissection and artery
aneurysms (4). However, coronary artery rupture as a
complication of CPR has rarely been reported. To date,
published data on CPR-associated cardiovascular injuries have
been limited. Miller et al. reported an atrial rupture secondary to
standard CPR, confirmed by echocardiography, and performed
bedside thoracotomy to repair the breakage (5). In another
study, a left coronary artery perforation was identified as
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a complication of CPR in a middle-aged man who had a
cardiac arrest following laparoscopic inguinal herniorrhaphy
(6). Early recognition and prompt therapy are crucial for
CPR-associated cardiac injury, which has significant mortality,
to avoid catastrophic consequences.

In the case presented here, where a female infant experienced
hemorrhagic shock due to right coronary artery rupture
secondary to standard manual chest compression, emergency
exploratory thoracotomy was required for diagnosis. Ultimately,
the patient’s urgent condition was successfully relieved by
prompt surgical intervention. This rare case provides unique
insights regarding the cardiovascular complications of CPR.
First, the strategy of chest compression in the pediatric age
group differs from adults, emphasizing the “two-thumbs”
encircling technique to reduce the incidence of injury to
infants. Consequently, the intensity and energy of chest
compression is much lower than in adults. In our case,
we performed a standard CPR procedure according to the
latest pediatric CPR guidelines (7). Regardless, CPR-associated
cardiovascular injuries occurred in this case. Second, in
regard to sternal closure in cardiac surgery, surgeons typically
partially suture the pericardium to provide a protective effect.
We sutured sections of the pericardium in the patient,
but the post-sutured pericardium failed to completely cover
the region of coronary artery distribution, which left some
vessels unprotected, likely contributing to the occurrence of
injuries. In addition, the tear on the right pleura caused
communication between the anterior mediastinum and thoracic
cavity, which was the direct reason for thoracic hemorrhage.
Owing to continuous drainage of the right chest drainage
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tube, no obvious signs of pleural effusion were observed on
chest radiography. In addition, the change in the patients
condition occurred on day seven after TOF corrective
surgery, when a slight adhesion formed in the pericardial
cavity, which was one of the reasons for the absence of
pericardial effusion.

Early detection and evaluation of the condition of
patients with CPR-related coronary artery injury are essential
for effective intervention. Bedside ultrasound is a non-
invasive imaging examination that aids in the assessment and
diagnosis of critical patients. The main signs of coronary
artery rupture on echocardiography are pericardial effusion
and tamponade. However, in this case, echocardiography
did not provide valuable clues for a definitive diagnosis.
It also inhibited our early judgement that the source of
bleeding originated from the heart vessels. Volume evaluation
and fluid resuscitation are critical for hypovolemic shock.
Once anemia refractory to transfusion is verified, the cause
of hemorrhage must be identified as quickly as possible.
In the context of an unknown etiology, prompt surgical
exploration merits consideration. In our case, the solution to
the critical situation of the infant benefited from a timely
exploratory thoracotomy.

Conclusion

In conclusion, cardiovascular injuries after external
chest compression are rare in clinical practice. In particular,
rupture of the right coronary artery is an exceptionally
rare complication of CPR. Our case provides insights
for clinicians based on actual practice regarding when
this rare complication may occur and what clinicians
avoid fatal from this

can monitor to consequences

rare occurrence.
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Duchenne muscular dystrophy
Involves the myocardium and
causes arrhythmia: Case report

Xuhan Liu, Wei Zhao, Shangzhi Shu and Weihua Zhang*

Department of Cardiovascular Medicine, The First Hospital of Jilin University, Changchun, China

Background: Patients with muscular dystrophy have mutations in the gene that
can lead to severe muscle wasting, respiratory issues or heart failure between
ages 30 and 40. Currently, there is no effective treatment for DMD-induced
heart failure.

Case presentation: We report a patient with recurrent unexplained fever
and muscle soreness was definitely diagnosed with DMD. An analysis of the
patient’s genetics revealed a nonsense mutation (C.1207G > T). His DMD was
treated with hormones. Also, the patient’s fever is under control because of
hormone therapy. However, as the disease progresses, the heart structure and
function gradually change, and eventually malignant arrhythmias occur.

Conclusion: We report a rare case of DMD involving the heart causing heart
failure and malignant arrhythmia. Currently, no complete treatment is available
for these patients, but our treatment regimen may benefit our patient and
improve his outcomes.

heart failure, arrhythmia, duchenne and baker muscular dystrophies, myocardial
damage, ARNI

Background

Duchenne Muscular Dystrophy (DMD) is genetic or caused by mutations of motor
function proteins (1). It is often diagnosed in childhood, contributing to life-long
disabilities and shorter lifespans (1). Mutations of the Duchenne gene, located on
chromosome Xp21.2, are the cause of most Duchenne muscular dystrophies in children
(2). Mutations in the dystrophin gene lead to serious muscle wasting, respiratory or
cardiac failure by the age of 30 (3). It is estimated to be 1/5,000 in the population (1).
The disease progresses rapidly, with wheelchair dependence occurring in the teens (4)
and usually progresses to a severe cardiomyopathic condition. Here we present a case of
a patient with DMD and a nonsense mutation (C.1207G > T), faced intermittent fever
and muscle pain all over the body repeatedly that eventually advanced to heart failure
and arrhythmia.
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Case presentation

A 21-year-old Chinese man was diagnosed in June 2002
with muscular dystrophy. His genetic test and muscle biopsy
revealed a diagnosis of DMD. The data of that time are no longer
accessible due to distance in time.

A ten-day period of intermittent fever occurred in October
2018, when he was 18 years old. During the past 2 years,
he suffered from liver disease, suspected brucella infection,
and obesity. One year later, he fell ill with sepsis. Despite the
fact that fevers had a fairly clear cause of infection, DMD
had no concomitant symptoms except weakness of the lower
limbs. Accordingly, systematic treatment hadn’t been applied.
At admission, the body temperature was 38°C, the heart rate
was 90 beats/min, blood pressure was 110/72 mmHg, and
breathing was 20 beats/min. Laboratory findings are as followed:
creatine kinase (CK) 664 U/L, creatine kinase isoenzymes
(CK-MB) 35.9 U/L, C-reaction protein (CRP) 29.66 mg/L,
lactate dehydrogenase (LDH) 273 U/L, a-hydroxybutyrate
dehydrogenase (¢HBDH) 190 U/L, mycoplasma antibody: 1:160
positive. This patient was discharged after undergoing effective
antiviral therapy (ganciclovir 0.25 g iv. Bid), mannatide (20 mg
iv. Qd2) and creatine phosphate sodium (1g iv. Qd2). Because
he did not have heart symptoms at that time, he did not have
cardiac echocardiography test.

He was admitted to the hospital with a high fever and
numerous joint pains throughout his body for 4 days, with
a temperature of up to 39°C in January 2020. At admission,
his body temperature was 36.8°C, his heart rate was 84 beats
per min, his blood pressure was 126/69 mmHg, and he was
unable to walk upright. He is 175 cm tall and weighs 97 kg. His
BMI is 31.67 kg/m2, which is overweight. Laboratory findings
are as followed: CK 514U/L, CRP 43.41 mg/L, Interleukin-4
(IL-4) 3.42 pg/ml, IL-6 10.17 pg/ml, IL-10 8.13 pg/ml, tumor
necrosis factor-a(TNF-a) 3.16 pg/ml. CT scan of the lungs
revealed a small amount of inflammation in the left lower lobe
and in the right lower lobe. After anti-infection treatment,
he was discharged. After half a year, he was hospitalized
again for a fever and muscle pain. Laboratory findings are
as followed: CK 411 U/L, CK-MB 7.40ng/ml, troponin I
(Tn I) 0.067 ng/ml, N-terminal pro-B type natriuretic peptide
(NT-pro BNP) 1250.0 pg/ml, CRP 45.67 mg/L, LDH 257U/L,
mycoplasma antibody: positive. The lung CT was similar to
the last one. In the abdominal CT, it was found that the
patient had fatty liver, multiple enlarged lymph nodes around
the abdominal aorta, and less muscle density on both sides of
his back and buttocks, which should consider the possibility
of fat infiltration. During echocardiography (Figure 1), the
left ventricular ejection fraction (EF) was 39%, and left
ventricle were enlarged (left ventricle endomesosomal diameter
was 63mm), abnormal ventricular movement, decreased
left ventricular systolic and diastolic function, weak mitral
regurgitation and trace pericardial effusion. The ECG showed
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FIGURE 1

Echocardiographic of the patient’s heart. The echocardiography
revealed EF 29%, left atrial and left ventricle enlargement (left
ventricular endomesosomal diameter 63 mm), reduced
ventricular wall pulsation diffusion, decreased left ventricular
systolic and diastolic function, and trace pericardial effusion

sinus rhythm, a normal ECG. This time his cardiac function was
level I1I and was placed on hormone therapy. He was discharged
when his condition improved.

In order to test if his heart disease was related to DMD,
he and his family had another genetic test 2 months later. The
results of sequencing suggested a nonsense mutation (c.1207G >
T) in the exon eleven region of the DMD (Muscular dustrophy,
Duchenne) gene, encoding amino acid p.G403X (guanine >
thymine). It was found that neither his parents nor his sister
carried heterozygous variation of this locus, and neither of them
exhibited any clinical signs of muscular dystrophy (Figure 2).

In April 2021, again, he suffered from a fever and aching
muscles. However, his heart function deteriorated. ECG showed
left anterior branch block. The echocardiography revealed EF
29%, left atrial and left ventricle enlargement (left ventricular
endomesosomal diameter 63 mm), reduced ventricular wall
pulsation diffusion, decreased left ventricular systolic and
diastolic function, and trace pericardial effusion. Diuretics,
nitrates, and beta blockers are taken orally following discharge.
His heart function was Grade III at that time. The hormone dose
was reduced because his fever was controlled. Hormone should
not be stopped immediately and should be reduced gradually.
Even though he had another fever 8 months later, his heart
function improved significantly, with his EF reaching 42%. The
lung CT shows atrophy of the chest and back muscles and an
increase in fat. His medication regimen was changed to oral beta
blockers, coenzyme Q10, and hormones.

Palpitations began in June 2022, becoming more frequent
over the following month. He developed acute myocardial
injury. A rise of 0.18 ng/mL in Tnl, a normal creatine kinase
level, and 44% in EF were observed. The myocardial injury
was persistent and troponin did not increase or decrease
significantly. 24-h Holter electrocardiography showed a mean
heart rate of 86 BPM, occasional premature ventricular
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Gene sequencing results of Sanger method of Duchenne gene mutation in A family [Missense mutation occurred at the 1,207 base of the 11th
exon of Duchenne gene in (A) (C.1207 G > T, P.G403x), arrows are the mutation sites, (B—D) are normal phenotypes].

FIGURE 3

The abnormal ECG at the admission in June 2022 (Sinus rhythm and tall R wave in V1V2V3, left anterior branch block).

V6

contractions in pairs (673), occasional premature atrial
contractions, and paroxysmal atrial tachycardia (total > 100
BPM, 283, maximum 6 min) (Figure 3). To treat the condition,
the oral drugs were adjusted as hormone (in reduction),
coenzyme QI0, trimetazidine and ARNI. Afterwards, the
patient improved, and he was discharged (Table 1).

Discussion and conclusions

DMD is a condition caused by a mutation in the dystrophin
gene, which results in critical muscle wasting and death by age 30
(1). Children usually show symptoms in early childhood, and if
untreated with corticosteroids by the age of 12 years, they will
probably lose their abilities to walk (2). In the patients case,
his parents discovered that the patient had weakness in both
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lower limbs and could not walk independently at age 3, which
coincided with DMD’s symptoms.

DMD is a recessive autosomal-recessive disorder that results
from mutations in the dystrophin gene that cause the absence
of dystrophin protein (NIH U.S., 2020 National Library of
Medicine) (1). The patient has a nonsense mutation (c.1207G >
T) in exon eleven of the DMD (Muscular Dystrophy, Duchenne)
gene, encoding amino acid p.G403X (guanine > thymine),
which is one of the rarest type of genetic mutation. In the skeletal
muscle cells, DMD encodes the dystrophin protein, which
functions as a link between the intracellular cytoskeleton, the
extracellular matrix, and the dystrophin-glycoprotein complex
(2). Dystrophin-producing gene mutations cause a reduction in
muscle ragility and result in contraction-induced injuries (5).

A diagnosis of DMD was determined based on clinical
symptoms, age of onset, creatine kinase test, muscle biopsy
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TABLE 1 The patient’s timeline of admission, diagnosis and treatment.

Symptoms

Bilateral lower limb weakness
Intermittent fever for 10 days
High fever and numerous joint pains throughout his body for 4 days

High fever and numerous joint pains throughout his body for 5 days

High fever and numerous joint pains throughout his body for 4 days

High fever and numerous joint pains throughout his body for 4 days

Palpitations for 3 months

analysis, and dystrophin mutation genetic testing (1). The
current examination results show that the patient’s chest,
bilateral back, and gluteal floor muscles have been involved,
which has resulted in fat infiltration and effected his overall
motor function. Laboratory tests for patients with advanced
DMD showed that creatine kinase levels were normal, which
matched the patient’s clinical findings.

Corticosteroids remain among one of the best methods
for managing complications and have significantly increased
the longevity of these patients (6). Evidence-based benefits of
corticosteroids include a longer period of disease progression
(7). Prednisone/prednisolone and deflazacort are the two most
commonly used corticosteroids (7). Patients with DMD may
benefit from taking 0.3 to 1.5 mg/kg/d of prednisone (8).
In this case, the patient weighed 100kg and took 5mg of
methylprednisolone orally daily, which is equivalent to 6.25 mg
of ponisone, which is consistent with the dose required to benefit
from ponisone treatment. He took corticosteroids as standard
of care. Besides these medications, the FDA has approved other
drugs as well, including eteplirsen (EXONDYS 51®), golodirsen
(VYONDYS 53TM), and viltolarsen (VILTEPSO®) (1).

It is recommended to detect and treat cardiomyopathy in
DMD patients early, as it can prolong survival (9). As the
dystrophin protein is absent throughout life span, fibrofatty
infiltration begins in the left ventricle’s posterobasal wall (10).
Infiltration of the ventricular wall can lead to fibrosis, thinning,
dilation, and progressive decline of ejection fraction (11).
According to the heart failure guidelines (12), this patient was
Stage B HF. In spite of asymptomatic heart failure, there are
structural and functional abnormalities that pose a greater risk
for symptomatic heart failure (13). Yet for patients without
myocardial infarction, there is no complete routine diagnosis or
treatment. The pre-clinical stage of heart failure is treated with
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Age Treatment

3 years old

18 years old Antiviral

19 years old Anti-infection

20 years old Hormone therapy (oral 12 mg
methylprednisolone twice a day)

20 years old and a half Oral beta blockers, diuretics, nitrates, and

21 years old

21 years old and a half

91

hormones(16 mg methylprednisolone once a
day)

Oral beta blockers, coenzyme Q10, and
hormones(16 mg methylprednisolone once a
day)

Hormone (5 mg methylprednisolone once a
day), coenzyme QI10, trimetazidine, and

ARNI

ARNI. ARNT is the abbreviation of Angiotensin receptor blocker
Neprilysin. It is an anti-heart failure drug. After entering the
body, it is hydrolyzed into valsartan and sacubitril. Valsartan
is an ARB, which is a RAAS system inhibitor. Sacubitril can
inhibit the degradation of various peptides including BNP and
improve the level of endogenous BNP. Currently, in clinical
guidelines (12), the efficacy evaluation of ARNI for heart failure
with preserved ejection fraction and heart failure due to muscle
metabolic diseases is limited. This patients cardiac function
improved after the application of ARNI, suggesting that such
patients could benefit from the treatment of ARNI. The use
of coenzyme Q10 and trimetazidine was also used to nourish
the heart and improve its metabolism. The mechanism of
trimetazidine is through inhibition of fatty acid -oxidation. The
metabolism of myocardial fat can be changed into oxidation
using GLU, and the efficiency of oxygen utilization can be
improved, so as to improve myocardial energy metabolism. The
patient’s palpitation symptoms improved after discharge, which
indicated that the treatment was effective, but closer observation
was still required.

DMD guidelines suggest baseline assessments of cardiac
function consisting of an electrocardiogram, non-invasive
imaging with echocardiography, or magnetic resonance imaging
(CMR) at time of diagnosis (14). Individuals with asymptomatic
disease should be re-examined annually (14). With progression
of the disease, cardiac arrhythmia is more likely, which leads
to further surveillance during the late ambulatory stage and
the use of periodic 24-h Holter monitoring, as is directed by
the specialist (1). Although ECG, echocardiography, and a 24-h
holter ECG were performed on this patient, it was relatively late
in the process. By the time myocardial involvement is detected,
the ejection fraction has already decreased significantly and
the myocardium has already been remodeled. As patients with
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DMD and other genetic metabolic diseases affecting the heart,
we should remind them to regularly review electrocardiograms
and echocardiograms. The prognosis of patients can greatly be
improved by early diagnosis.
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Case report: Rare restrictive
cardiomyopathy with ventricular
fibrillation as initial symptom
rescued by automatic external
defibrillator in a pediatric patient

Lianfu Jif, Jinlong Chent, Yuming Qin and Shiwei Yang*

Department of Cardiology, Children’s Hospital of Nanjing Medical University, Nanjing, China

Restrictive cardiomyopathy (RCM) is a rare form of heart muscle disease
with poor prognosis. Its primary manifestations were caused by systemic
or pulmonary circulation congestion. Here, we reported a case of RCM
with ventricular fibrillation as initial symptom in a 7-year-old boy. The child
suffered cardiac and respiratory arrest suddenly while exercising at school
and immediately was given external chest compression and defibrillation
by the school's equipped automatic external defibrillator (AED). The rescue
was successful. At the time of the AED discharge, his electrocardiogram
(ECG) indicated ventricular fibrillation. Upon further examination, the
echocardiogram revealed enlarged bilateral atria, decreased diastolic function
and normal ventricular thickness. Genetic analysis identified a heterozygous
missense mutation [c.611(exon8)G>A,p.R204H] of TNNI3 in the proband
boy. This case contributes to our understanding of RCM in children and
emphasizes the importance of having AEDs available in public places.

restrictive cardiomyopathy, ventricular fibrillation, TNNI3, AED, constrictive
pericarditis

Introduction

Restrictive cardiomyopathy (RCM), a rare type of cardiomyopathy, is characterized
by diastolic dysfunction, enlargement of the left atrium or bilateral atria and normal or
nearly normal ventricular thickness (1-3). Typically, systolic function is normal or nearly
normal, but in advanced stages of RCM, it may decrease (4). The clinical manifestations
of RCM which were primarily caused by systemic or pulmonary circulation congestion
were non-specific and varied. Pediatric patients with RCM may suffer dyspnea, distended
jugular veins, large liver, respiratory rales, ascites, lower limb edema, and even syncope
(1, 3). Syncope may be a sign of low cardiac output ischemic, arrhythmias or sudden
death (5).
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FIGURE 1

(A) ECG showed sinus rhythm, incomplete right bundle branch block, Ptf-V; < —0.04 mm:s (the black arrow) and biphasic P waves (the red
arrow). (B) Echocardiogram showed biatrial enlargement, left atrium obvious (LA: 32 mm, RA: 30 mm) and decreased diastolic function
(E/A = 2.6). (C) Transverse section of CMR showed biatrial enlargement slightly.

Genetic and non-genetic factors contribute to RCM.
Pathogenic mutations in over 19 different genes related to RCM
have been identified (6). The major mutations are found in genes
encoding for sarcomere proteins, such as cardiac troponins I
(TNNI3), alpha tropomyosin (TPM1), titin (TTN), and so on
(7). Mutations in non-sarcomeric genes are also relevant, for
example in the filamin-C (FLNC), aB-crystallin (CRYAB), and
desmin (DES) (8-11). Here we reported a case of RCM with
ventricular fibrillation in a 7-year-old boy who was successfully
rescued by AED outside the hospital.

Clinical presentation

A 7-year-old boy was admitted to our emergency
department after losing consciousness for an hour. The
boy suffered a sudden cardiac and respiratory arrest 1 h ago
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while exercising at school. He was immediately given external
chest compression and defibrillation used AED equipped in
the school. As a result, his heartbeat and respiration recovered.
When the boy was sent to our hospital, he was conscious and
agitated which was alleviated by sedation and intracranial
pressure reduction. His vital signs were measured: heart rate
124/min; respiratory rate 25/min; blood pressure 102/55 mmHg.
On his physical examination, the liver and spleen were not
touched under the ribs and there was no edema in the lower
limbs. The boy and his parents were in generally good health
and other family members denied a history of syncope, sudden
death or cardiomyopathy.

There were no obvious abnormalities in the brain MRI and
video electroencephalogram (VEEG). The electrocardiogram
(ECG) revealed Ptf-V; < -0.04 mm-s and biphasic P waves,
indicating left atrial enlargement and the chest X-ray revealed
an enlarged heart shadow. The echocardiogram showed biatrial
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FIGURE 2
The ECG at the time of the AED discharge indicated ventricular fibrillation.
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FIGURE 3
(A) Pedigree analysis of the family of patient. The arrow points out the proband. Circles correspond to female. Squares correspond to male. The
mutation was indicated —/- if negative. (B) Sanger sequencing revealed a heterozygous missense mutation [c.611(exon8)G>A,p.R204H] of
TNNI3 in the proband boy and his parents did not carry the mutation.
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enlargement, especially in the left atrium (LA: 32 mm, RA:
30 mm), decreased diastolic function (E/A = 2.6; E Peak
deceleration time 130 ms; Constant volume diastolic time
49 ms), moderate mitral valve regurgitation and left ventricular
ejection fraction of 51.8%. Except for bilateral enlargement,
cardiac magnetic resonance (CMR) indicated no abnormalities
(see Figure 1). The ECG at the time of the AED discharge
indicated ventricular fibrillation (see Figure 2). Troponin T and
brain natriuretic peptide (BNP) levels were normal.

Genetic analysis revealed the boy had a heterozygous
missense mutation [c.611(exon8)G>A,p.R204H] of TNNI3
which was not detected in his biological parents and de novo
(see Figure 3). This mutation located in exon 19 of TNNI3 which
was conserved. We analyzed the mutation using bioinformatics
protein function prediction software PolyPhen_2 and Mutation
Taster and found the variant is possibly detrimental. Common
genetic mutations in arrhythmias such as SCN5A, KCNH2,
KCNQI, CACNAIC, RYR2, and LMNA (12) were not found in
the family members.

According to the results above, we concluded that the boy
was a patient of primary RCM. At present, the vital signs of
the boy are stable. We communicated with the parents and
suggested installing an implantable cardioverter defibrillator
(ICD) for the boy, but the parents refused. We have informed
his parents that a heart transplant may be required if the
disease progresses further. At present, the boy is being treated
with oral diuretics and metoprolol tartrate tablets and he is in
outpatient follow-up.

Discussion

Restrictive cardiomyopathy (RCM) is the least common

phenotype
Despite accounting for only about 5% of all diagnosed

among  pediatric heart muscle diseases.
cardiomyopathies, RCM has the worst prognosis. In children,
half of all deaths occurred within 2 years after diagnosis and
heart transplantation is frequently the only treatment (1, 3).

To confirm the diagnosis of RCM, a series of examinations
should be performed in addition to the relevant clinical
manifestations. Echocardiography showed left atrial or biatrial
enlargement and decreased ventricular diastolic function
identified by increased parameters of early diastolic velocity
(E wave) and low late filling velocity (A wave), mitral inflow
E/A ratio > 2.5 (13). Atrial enlargement and restrictive
filling may cause mitral or tricuspid regurgitation. CMR
can reflect the changes of cardiac structure and function in
children with RCM, and clearly show the extent and scope of
lesions. It is a specific and sensitive non-invasive examination
method for the diagnosis of RCM at present (14). With the
development of molecular genetics, more and more studies
have found that genetic factors play an important role in
cardiomyopathy (15). TNNI3 gene is the first gene identified
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to be associated with RCM. The gene is a conserved sequence
of cardiac troponin I gene, whose mutation can affect the
function of troponin (16). As research advances, more and
more genes related to RCM have been discovered, such
as cardiac actin (ACTCI), cardiac myosin binding protein
C (MYBPC3), B-myosin heavy chain (MYH?7), titin (TTN),
troponin T (TNNT2), filamin-C (FLNC), aB-crystallin (CRYAB),
desmin (DES), etc. (7-11, 17-19). In this boy, we found
no other variants in genes associated with RCM, except for
TNNI3.
Restrictive be

from constrictive pericarditis (CP), for they have several

cardiomyopathy must distinguished
similarities in clinical symptoms and hemodynamic changes.
In addition, pediatric patients with sudden malignant
arrhythmia, attack,

syndrome or sudden cardiac death should be alert to

ventricular syncope adams-stokes
cardiac ion channel disease, such as long Q-T syndrome
(LQTS), brugada syndrome, catecholaminergic polymorphic
ventricular tachycardia(CPVT), etc. (1, 3). The boy had
no history of infection, no pericardial thickening or
calcification was observed on CMR and multiple QTc
measurements were normal. Combined with the results of
echocardiogram, ECG, CMR, and genetic analysis, the diagnosis
of primary RCM was clear.

The boy had never felt discomfortable before and his
first symptom was ventricular fibrillation which is rare in
RCM. Biatrial enlargement and left ventricular stiffness may
contribute to the arrhythmias (20). This case not only deepens
our understanding of RCM in children, but also highlights
the importance of AED placing in public places. Timely
defibrillation with an AED was the key to saving his life when
the boy suffered a sudden cardiac and respiratory arrest in
school. AEDs, also known as “life-saving devices,” are portable
medical devices that can be used by non-medical personnel to
restore the heart rhythm of patients experiencing cardiac arrest
or ventricular fibrillation and prevent sudden cardiac death. In
recent years, there have been an increasing number of reports
about saving lives in airports, schools, and railway stations
by AED which reflects the effectiveness of strengthening the
installation and training of AED in public places in China.
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Children with underlying medical conditions potentially develop severe illness
from Coronavirus disease 2019 (COVID-19). The use of vaccines against
COVID-19 is currently recommended for the pediatric population. The
COVID-19 vaccine has a temporal association with the occurrence of
myocarditis. Although most patients with COVID-19 vaccination-associated
myocarditis (C-VAM) exhibit a mild clinical course and rapid recovery, C-VAM
potentially causes electrical instability and sudden cardiac death. Herein, we
report the case of a 17-year-old woman who presented with chest pain and
syncope following the first dose of the messenger RNA COVID-19 vaccine.
The patient's heart function was impaired, and nonsustained ventricular
tachycardia was frequent. Cardiac magnetic resonance (CMR) imaging
satisfied the «criteria for myocarditis. Despite the administration of
immunomodulatory drugs, the patient’s heart function was not fully restored,
and the concentration of cardiac enzymes remained above the normal
range. Persistence of late gadolinium enhancement was observed on short-
term follow-up CMR imaging. Although most patients with C-VAM exhibit
mild  symptoms, significant cardiac arrhythmias potentially occur.
Furthermore, some patients with C-VAM demonstrate prolonged impaired
heart function and sustained late gadolinium enhancement on follow-up
CMR imaging. Therefore, monitoring of electrical and functional cardiac
abnormalities in patients with C-VAM is crucial and the long-term outcomes
and prognosis of patients with C-VAM require further investigation.

KEYWORDS

adolescent, myocarditis, COVID-19, vaccine, case report

Abbreviations

CMR, Cardiac magnetic resonance; CDC, Centers for Disease Control and Prevention; COVID-19,
Coronavirus ~ disease  2019; C-VAM, COVID-19 vaccination-associated —myocarditis; EMB,
Endomyocardial biopsy; LGE, Late gadolinium enhancement; PCR, Polymerase chain reaction
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Introduction

Coronavirus disease 2019 (COVID-19) is a worldwide
health problem, as it has reached pandemic level and caused
multiple outbreaks globally. Although COVID-19 infection in
children is typically asymptomatic or mild, it potentially
progresses to severe illness in children with underlying
medical conditions (1). Multisystem inflammatory syndrome

10.3389/fped.2022.995167

in children, which is associated with high morbidity and
mortality, can develop after COVID-19 infection (2). The use
of vaccines against COVID-19 has increased among children
and adolescents. Both the Pfizer-BioNTech BNT162b2 and
Moderna mRNA-1273 vaccines have exhibited excellent
efficacy and safety in the pediatric population (3, 4). The
(CDC)
recommended the use of the vaccine for adolescents aged >12

Centers for Disease Control and Prevention
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FIGURE 2

Short-axis cardiac magnetic resonance imaging on days 2 (A,B) and 18 (C,D) after the patient’s presentation. (A) High signal intensity in anterior wall of
left ventricle on T2-weighted image. (B) Diffuse multifocal patchy late gadolinium enhancement (LGE). (C) Sustained high signal intensity in anterior
wall of left ventricle on T2-weighted image. (D) Persistent multifocal patchy LGE

years on May 12, 2021, and for children aged 5-11 years on
November 2, 2021 (5). The Korea Advisory Committee on
Immunization Practices also recommended extending the use
of the vaccine to persons aged >12 years on August 25, 2021.
that
potentially occur after COVID-19 vaccination (6-16). In most
cases of COVID-19 vaccination-associated —myocarditis
(C-VAM) after BNT162b2 or mRNA-1273 vaccination,
symptoms developed within a few days after the second

Myocarditis and pericarditis are complications

vaccine dose, and the clinical course usually appeared mild
with resolution of symptoms and signs within 1 week.
However, fulminant myocarditis and sudden death after
vaccination have also been reported (17, 18).

Herein, we describe the case of a 17-year-old woman with
myocarditis after the first dose of the BNT162b2 vaccine. This
patient, who presented with syncope and experienced several
episodes of polymorphic nonsustained ventricular tachycardia,
exhibited a chronic clinical course, which is an uncommon
finding in other patients with C-VAM.
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Case description

A previously healthy 17-year-old woman presented with
syncope 7 days after her first BNT162b vaccine dose. The patient
was obese, with a body mass index of 26.6 kg/m* (above the 95
percentile for their age and sex). Two days after the vaccination,
the patient started experiencing generalized malaise, headache,
chest pain, and dyspnea on exertion. Three days later, the patient
experienced palpitations, and the intensity of her chest pain
increased. The patient visited the emergency department of our
hospital. The patient’s electrocardiogram exhibited low voltage in
the limb leads, and her troponin I concentration was within the
normal range (0.032 ng/ml; normal: 0-0.045 ng/ml). The patient’s
symptoms were improved slightly, resulting in her subsequent
discharge. The next day, the patient lost consciousness for several
minutes while sitting in a restaurant.

The patient’s vital signs on arrival were as follows: blood
pressure, 102/60 mmHg; heart rate, 92 beats/min; respiratory
rate, 19 breaths/min; 37.7 °G;

temperature, and oxygen
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saturation, 100%. Physical examination revealed no remarkable
findings. Neither audible murmurs nor signs of congestion were
observed. Laboratory blood tests revealed myocardial injury
without systemic inflammation. The level of high-sensitivity
cardiac troponin I was 0.072 ng/ml (normal: 0-0.045 ng/ml).
The patient’s white blood cell count was elevated (10,960/uL;
normal: 4,000-10,000/ul), and eosinophilia was absent. The
C-reactive protein concentration (<0.40 mg/dl; normal: 0-
0.5mg/dl) and erythrocyte sedimentation rate (17 mm/h;
0-20 mm/h)
nasopharyngeal polymerase chain reaction (PCR) test result

normal: were not elevated. The patient’s

was negative for COVID-19. PCR tests for other viruses using
blood,
negative. Although serum neutralizing antibody titers against

nasopharyngeal swabs, and stool samples were
adenovirus types 2 and 5 were 1:180 and 1:256, respectively,
nasopharyngeal PCR tests were negative for adenovirus.

Electrocardiography revealed low voltage in the limb leads
and premature ventricular contraction (Figure 1). There was
no abnormal finding on the chest radiograph. Transthoracic
echocardiography revealed left ventricular dilatation with a
reduced ejection fraction of 45.1% (biplane Simpson’s
method). Ambulatory Holter monitoring exhibited repeated
episodes of nonsustained polymorphic ventricular tachycardia.
Cardiac magnetic resonance (CMR) imaging 2 days after
presentation revealed global left ventricular dysfunction with
an ejection fraction of 41%, marked hypokinesia, high T2
values in the apical to mid portion of the anterior wall, and
diffuse multifocal patchy late gadolinium enhancement (LGE)
(Figure 2).

The patient was admitted to the intensive care unit for the
monitoring of hemodynamic and electrical instability and
treated with 1 g/kg of intravenous immunoglobulin for two
consecutive days as well as 2 mg/kg/day of intravenous
methylprednisolone. Ibuprofen use was discontinued after
severe myocardial inflammation was identified using CMR
imaging. The patient was administered intravenous milrinone
and furosemide for a brief period in consideration of the
possibility of progressive deterioration of hemodynamic status.
Therapy with an angiotensin-converting enzyme inhibitor and
beta blocker was initiated after discontinuation of intravenous
milrinone.

The troponin I concentration peaked 2 days after
presentation (0.689 ng/ml); subsequently, it gradually declined
and reached its nadir 9 days after presentation (0.153 ng/ml).
Thereafter, it resumed its rising trend, and the patient was
administered 1 g/kg of pulsed methylprednisolone therapy for
three

prednisolone taper. CMR imaging 18 days after presentation

consecutive days, followed by a planned oral
continued to demonstrate high T2 values in the apical to mid
portion of the anterior wall and a slightly decreased extent of
diffuse patchy LGE. A

endomyocardial biopsy was performed to exclude other

multifocal right  ventricular

etiologies of myocarditis, including giant cell myocarditis.
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Histological examination of the biopsy specimen revealed
focal myocardial degeneration and interstitial edema without
significant inflammatory cell infiltration. The patient was
discharged 31 days after presentation due to the reduced
burden of ventricular tachycardia, improved symptoms, and
partial recovery of ventricular function.

Nine days later, the patient was re-hospitalized for
Campylobacter colitis and treated with intravenous antibiotics, a
stress dose of intravenous hydrocortisone, and an intravenous
vasopressor during hospitalization. On follow-up 1 month later,
a repeat echocardiography revealed left ventricular dilatation
with a reduced ejection fraction of 49.1% (biplane Simpson’s
method), and the troponin I concentration remained above the
normal range (0.137 ng/ml). Follow-up CMR imaging was
scheduled two months after hospital discharge (Table 1).

TABLE 1 Timeline of case.

Time Event

October 18, 2021 First dose of BNT162b vaccine

October 20, 2021 Generalized malaise, headache, chest pain, dyspnea on

exertion

October 23, 2021 Palpitation, increased intensity of chest pain

October 24, 2021 The patients visited the emergency department of our
hospital
Low voltage in the limb leads on electrocardiogram

Troponin I level 0.032 ng/ml (normal: 0-0.045 ng/ml)

October 25, 2021 Loss of consciousness for several minutes

October 26, 2021 The patient was admitted to the intensive care unit
Echocardiography revealed left ventricular dilatation and
dysfunction

Holter monitoring showed nonsustained polymorphic
ventricular tachycardia

1 g/kg IVIG for two consecutive days, 2 mg/kg

methylprednisolone, intravenous milrinone

October 27, 2021 CMR imaging findings satisfied with criteria for
myocarditis
ACE inhibitor and beta blocker initiated after

discontinuation of milrinone

November 3, 2021 Troponin I level 0.153 ng/ml (nadir)

November 10, 2021 1 g/kg of pulsed methylprednisolone therapy for three

consecutive days because of increased cardia

November 12, 2021 CMR imaging showed persistent late gadolinium

enhancement

November 18, 2021 Endomyocardial biopsy showed focal myocardial

degeneration and interstitial edema

November 25, 2021 Discharge

December 4-7, 2021 Re-hospitalized for Campylobacter colitis and treated
with intravenous antibiotics, a stress dose of intravenous

hydrocortisone, and an intravenous vasopressor

December 24, 2021 Echocardiography revealed sustained left ventricular
dysfunction

Troponin I level 0.137 ng/ml

IVIG, Intravenous immunoglobulin; CMR, Cardiac Magnetic Resonance; ACE,
Angiotensin-converting enzyme.

frontiersin.org


https://doi.org/10.3389/fped.2022.995167
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

10.3389/fped.2022.995167

Han et al.

o o o o o

0
(91-01) 2I
(001) S
S
0
0
0
(001) S
(08) ¥
(001) S
(¢T-0) ¢
(o) T
(001) €
(L1-81) L1

S
(z1)

nisfeyong

¥ o o o o o

(9-

)
-
[T}

o o o

0
(oot) £
(€7D 1
(0ot1) £
(e-1) ¢
(98) 9
(001) £

(9°21-T°91) 891

L
(1)

deug

(9) ¥
(£9) ¥

9-0) ¥
(0o01) £
L
0
0
(20!
(0o01) £
(12) s
(001) £
#0
(001) £
(001) £

(61-¥1) LI

L
(o1)

[eysIey

(so) ¢
(€D 1
0
0
0
Y (S6-¥€) 595
(001) €
€
0
(so) ¢
0
(001) 8
(sTn 1
(001) 8
(7-1) sC
(88) £
(001) 8
(6L1-TST) L91

8
(s1)

,ouey,

@®1
@®1
VIN
V/IN
@1
(01-¢) ¥
VIN
o1
V/IN
V/IN
(57) €
(001) 21
V/IN
(0o1) z1
(6€-1) ¥
(0) 9
(€8) 01
(L1-¢€1) 91

4!

41
(1)

pPIEe3AN

) L
) L

(s-1) ¢
(08) 1
1
0
1
(07) €
(001) ST
(29) o1
(001) ST
(9-1) ¢
(€6) 1
(€6) 1
(81-21) ST

ST

ST
(®)

uuor(q

‘AlaAnoadsal ‘suid2eA ZqzoT NG 94} JO 9SOp PUODSS pue 1siy ay) Jaye siptedoAwad yym pasoubelp sem jusned suQ,
"papnIoxe a1em siipseduad yum syusned 91y,
"BUIDORA 20Z9TLNg 9U) JO 9SOp puodas ay) buImolo) shipiedoAuw yim suaned papnioul Aluo Apms siy]

uonezijeydsoy a4inbas Jou pip syusned saiy L,

"POPNIDUI USM UOIEUIDDRA Jd)je SAep tT< pajuasald syusiied omy pue papnioxs a4am shipiesuad a)uyap yim syusied om,

(€1 ¢
(61) €
0
0
0
#-1)c
(¥6) ST
91
VIN
V/IN
@c
(001) 91
(§°2€) 9
(001) 91
#0 ¢
(001) 91
(¥6) ST
(Z1-21) ST

91

91
(€1)

Jeneydg

@1
8¢

(L0 ¢
(¥6) ST
91
0
(z1) €
®c
(001) ST
#0) 9
(001) ST
(0T-0) €
(88) T
(88) T

(L1-21) St

ST

ST
()

Sed

o o o o o o

V/N
(99) 81

o o o

(¢6) T€
(L2 6

(¢6) T€
(92-1) ¢
(28) Lt
(s8) 8¢

(8£1-£7T1) TST

€€

€€
©)

20D

‘21geondde JoN 'v/N

‘uoneIASp plepues F ueaw Jo ‘(9bued) uelpaW ‘(%) Jequinu se pajussaid ale eyeq

(¥2) st
(£) L1
0
0
(€v) LT
YIFO0E
(88) 6%
95
@1
(9) ¢
(¥1) 6
(001) €9
(v¥) 8¢
(001) €9
SIFIT
(86) 79
(z6) 8
TF9SI

6S

€9
(6)

ure(

0 yreaq
(22) 0¢ (%) u ‘proIg
(22) 0¢ (%) ¥ ‘urn@o[SountwwI SNOUSARIIU]

0 (%) u 910ddns £101[NOID [ROTURIPI

(N (%) u 910ddns aanoeosea/srdonouy
(61) 9t (%) U “UOTSSTUIPE JIUN 2TBD AISU)U]
(01-0) T p “Aess repdsoy
(92) ¥ (%) © “yuowdOURYUS Wnuloped e

16 u “ooueuosaI dndudewr deIpIe)

('t (%) u “o[q IemommuaAore djardwo)

(9) £ (%) u ‘erpresAyoe) IeMOLUI A
(61) 92 (%) u “uoTORI} UOMIA(O TBMILIUIA I PIonpay
(001) 6€1 (%) u ‘PAd] uruodox) pajead[q
(1€) €¥ (%) 19491
(66) 8¢1 (%) u ‘ured 183yD
(72-0) € p ‘ourddea jse[ pue josuo woldwhs Udam)dq W],
(z6) 8T1 (%) ¥ ‘uonRUIDIRA PUOIIS Id)e Sunuasard syuaneq
(16) 921 (%) U X33 a[eIy

(€07-12T) 8T £ 28y

[4 umowyun

I S€L9EV8L- (N

S CLTT-VNYW

€l 79C9TLNG

Aueduron
6¢€1 u ‘sase))

(om) ERUENCIENG

Suonay, Apmg

"uaJp)iy> ul siipsesadoAw pue siIPIed0AW PAYRIDOSSE-UONRUIDIRA GTOZ SSBISIP SNIIABUOIOD JO SBIPN}S dAI3DdS0.32) pue saLIds ase) ¢ 379Vl

frontiersin.org

Frontiers in Pediatrics

102


https://doi.org/10.3389/fped.2022.995167
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Han et al.

Discussion

The patient in this report, who developed myocarditis after
the first BNT162b vaccine dose, presented with syncope. Since
her ventricular function was impaired, and nonsustained
ventricular tachycardia was frequent, the patient required
electrical and hemodynamic monitoring in the intensive care
unit. The patient’s cardiac function did not fully recover, with
the persistence of elevated cardiac enzymes and residual LGE
on CMR imaging.

A large proportion of patients with myocarditis have
experienced cardiac arrhythmia at any stage of the disease.
The most serious types of arrhythmias have been ventricular
tachycardia and ventricular fibrillation. Ventricular arrhythmia
has been associated with poor patient outcomes, including the
use of mechanical circulatory support and death (19, 20). This
arrhythmia potentially manifests as cardiopulmonary arrest
and sudden cardiac death. Therefore, current guidelines
recommend mandatory close monitoring of cardiovascular
status (including heart rhythm) in the early phase in the
management of patients with myocarditis (21, 22). Although
no deaths have been attributed to arrhythmia in patients with
C-VAM, patients
tachycardia (Table 2) (7-9, 15, 16). Moreover, a case of
sudden cardiac death due to C-VAM have been reported (18).
Therefore, electrical monitoring is crucial in the management
of pediatric patients with C-VAM.

Although endomyocardial biopsy (EMB) is the gold
standard for the diagnosis of myocarditis, CMR imaging is

some had nonsustained ventricular

currently adopted for the confirmation of myocarditis (21).
The CMR imaging findings of the patient in this report
satisfied the updated Lake Louise criteria, and the patient’s
condition was consistent with the CDC’s definition of
confirmed myocarditis. However, the EMB results did not
reveal significant inflammatory cell infiltration. These findings
possibly resulted from sampling errors associated with the
focal distribution of inflammatory infiltrates. The sites of
inflammatory infiltrates were sometimes inaccessible to the
bioptomes. The false negative rates of EMB were 45% for the
left ventricle and 37% for the right ventricle in 38 autopsied
hearts with lymphocytic myocarditis (23). The sampling error
also occurred due to difference between biopsy sites and
involved regions on CMR imaging (24). The biopsy site was
usually the right ventricle, while CMR imaging demonstrated
predominant left ventricular involvement.

A few case reports and case series showed the
histopathologic findings in C-VAM (18, 25-30). The marked
inflammatory infiltrates with a predominance of T-cells and
macrophages, occasionally admixed with eosinophils, B cells,
and plasma cells, and multifocal cardiomyocyte damages were
demonstrated in patients with C-VAM (27-30). The autopsied
heart with sudden death after COVID-19 vaccination revealed
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diffuse inflammatory infiltrates predominantly composed of
macrophages and neutrophils and the existence of contraction
band necrosis (18, 26). However, similar to the findings of the
patient in this report, the results of endomyocardial biopsy in
with  C-VAM
inflammatory infiltrates or findings incompatible with classic

patients occasionally demonstrated no
histopathologic criteria of myocarditis (25, 30-32).

The heart function of the patient in this report was
persistently impaired, and LGE was sustained on short-term
follow-up CMR imaging. LGE was an independent predictor
of mortality and major adverse cardiac events in adult
patients with myocarditis (33, 34). The midwall septal pattern
of LGE has been associated with late progressive deterioration
of left ventricular function (35). Recent studies investigating
changes in CMR imaging findings in patients with C-VAM
have demonstrated sustained and decreased LGE on follow-up
CMR imaging (13, 36, 37). Persistent LGE was observed in a
considerable proportion of adult and pediatric patients with
myocarditis on follow-up CMR imaging at 3-6 months, even
after normalization of inflammatory and cardiac markers (38,
39). Although LGE without edema at 6-month follow-up
CMR imaging was associated with a worse outcome in adult
patients with acute myocarditis, the clinical significance of
LGE and longitudinal changes in heart function in C-VAM
require further investigation (40).

Conclusion

We described an adolescent woman with myocarditis after
BNT162b2 mRNA vaccination, exhibited frequent
episodes tachycardia
persistent left ventricular dysfunction with sustained LGE.

who

of nonsustained ventricular and
Monitoring the electrical and functional cardiac abnormalities
in patients with C-VAM is crucial. Further studies focusing
on the long-term outcomes and prognosis of patients with C-

VAM are warranted.

Data availability statement

The original contributions presented in the study are
included in the article, further inquiries can be directed to the
corresponding author.

Ethics statement

This report was reviewed and approved by the Institutional
Review Board of Seoul National University Bundang Hospital
(IRB No. B-2205-757-701). The requirement for informed
consent was waived.

frontiersin.org


https://doi.org/10.3389/fped.2022.995167
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Han et al.

Author contributions

JL and YS contributed to the formation of the research idea.
JH and JL collected data and wrote the original draft. JH, JL, SC,
HL, and YS participated in patient care, and contributed to
manuscript review and editing. All authors contributed to the
article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial

References

1. Preston LE, Chevinsky JR, Kompaniyets L, Lavery AM, Kimball A, Boehmer
TK, et al. Characteristics and disease severity of US children and adolescents
diagnosed with COVID-19. JAMA Netw Open. (2021) 4(4):e215298. doi: 10.
1001/jamanetworkopen.2021.5298

2. Son MBF, Murray N, Friedman K, Young CC, Newhams MM, Feldstein LR,
et al. Multisystem inflammatory syndrome in children—initial therapy and
outcomes. N Engl ] Med. (2021) 385(1):23-34. doi: 10.1056/NEJMo0a2102605

3. Creech CB, Anderson E, Berthaud V, Yildirim I, Atz AM, Melendez Baez I,
et al. Evaluation of mRNA-1273 COVID-19 vaccine in children 6 to 11 years of
age. N Engl ] Med. (2022) 386(21):2011-23. doi: 10.1056/NEJMo0a2203315

4. Walter EB, Talaat KR, Sabharwal C, Gurtman A, Lockhart S, Paulsen GC,
et al. Evaluation of the BNT162b2 COVID-19 vaccine in children 5 to 11 years
of age. N Engl J Med. (2022) 386(1):35-46. doi: 10.1056/NEJMo0a2116298

5. Woodworth KR, Moulia D, Collins JP, Hadler SC, Jones JM, Reddy SC, et al.
The advisory committee on immunization practices” interim recommendation for
use of pfizer-BioNTech COVID-19 vaccine in children aged 5-11 years—United
States, november 2021. MMWR Morb Mortal Wkly Rep. (2021) 70(45):1579-83.
doi: 10.15585/mmwr.mm?7045el

6. Chua GT, Kwan MYW, Chui CSL, Smith RD, Cheung EC, Tian T, et al.
Epidemiology of acute myocarditis/pericarditis in Hong Kong adolescents
following comirnaty vaccination. Clin Infect Dis. (2022) 75(4):673-81. doi: 10.
1093/cid/ciab989

7. Das BB, Kohli U, Ramachandran P, Nguyen HH, Greil G, Hussain T, et al.
Myopericarditis after messenger RNA coronavirus disease 2019 vaccination in
adolescents 12 to 18 years of age. J Pediatr. (2021) 238:26-32.el. doi: 10.1016/j.
jpeds.2021.07.044

8. Dionne A, Sperotto F, Chamberlain S, Baker AL, Powell AJ, Prakash A, et al.
Association of myocarditis with BNT162b2 messenger RNA COVID-19 vaccine in
a case series of children. JAMA Cardiol. (2021) 6(12):1446-50. doi: 10.1001/
jamacardio.2021.3471

9. Jain SS, Steele JM, Fonseca B, Huang S, Shah S, Maskatia SA, et al. COVID-19
vaccination-associated myocarditis in adolescents. Pediatrics. (2021) 148(5):
€2021053427. doi: 10.1542/peds.2021-053427

10. Marshall M, Ferguson ID, Lewis P, Jaggi P, Gagliardo C, Collins JS, et al.
Symptomatic acute myocarditis in 7 adolescents after pfizer-BioNTech COVID-
19 vaccination. Pediatrics. (2021) 148(3):e2021052478. doi: 10.1542/peds.2021-
052478

11. Nygaard U, Holm M, Bohnstedt C, Chai Q, Schmidt LS, Hartling UB, et al.
Population-based incidence of myopericarditis after COVID-19 vaccination in
danish adolescents. Pediatr Infect Dis J. (2022) 41(1):e25-e8. doi: 10.1097/INF.
0000000000003389

12. Puchalski M, Kaminska H, Bartoszek M, Brzewski M, Werner B.
COVID-19-vaccination-induced myocarditis in teenagers: case series with
further follow-up. Int J Environ Res Public Health. (2022) 19(6):3456. doi: 10.
3390/ijerph19063456

13. Schauer J, Buddhe S, Gulhane A, Sagiv E, Studer M, Colyer J, et al. Persistent
cardiac magnetic resonance imaging findings in a cohort of adolescents with post-

Frontiers in Pediatrics

104

10.3389/fped.2022.995167

relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the
publisher.

coronavirus disease 2019 mRNA vaccine myopericarditis. ] Pediatr. (2022)
245:233-7. doi: 10.1016/j.jpeds.2022.03.032

14. Snapiri O, Rosenberg Danziger C, Shirman N, Weissbach A, Lowenthal A,
Ayalon I, et al. Transient cardiac injury in adolescents receiving the BNT162b2
mRNA COVID-19 vaccine. Pediatr Infect Dis ]. (2021) 40(10):e360-e3. doi: 10.
1097/INF.0000000000003235

15. Tano E, San Martin S, Girgis S, Martinez-Fernandez Y, Sanchez Vegas C.
Perimyocarditis in adolescents after pfizer-BioNTech COVID-19 vaccine.
J Pediatric Infect Dis Soc. (2021) 10(10):962-6. doi: 10.1093/jpids/piab060

16. Truong DT, Dionne A, Muniz JC, McHugh KE, Portman MA, Lambert LM,
et al. Clinically suspected myocarditis temporally related to COVID-19
vaccination in adolescents and young adults: suspected myocarditis after
COVID-19 vaccination. Circulation. (2022) 145(5):345-56. doi: 10.1161/
CIRCULATIONAHA.121.056583

17. Abbate A, Gavin ], Madanchi N, Kim C, Shah PR, Klein K, et al. Fulminant
myocarditis and systemic hyperinflammation temporally associated with
BNT162b2 mRNA COVID-19 vaccination in two patients. Int J Cardiol. (2021)
340:119-21. doi: 10.1016/j.ijcard.2021.08.018

18. Choi S, Lee S, Seo JW, Kim MJ, Jeon YH, Park JH, et al. Myocarditis-induced
sudden death after BNT162b2 mRNA COVID-19 vaccination in Korea: case
report focusing on histopathological findings. J Korean Med Sci. (2021) 36(40):
€286. doi: 10.3346/jkms.2021.36.6286

19. Miyake CY, Teele SA, Chen L, Motonaga KS, Dubin AM, Balasubramanian
S, et al. In-hospital arrhythmia development and outcomes in pediatric patients
with acute myocarditis. Am ] Cardiol. (2014) 113(3):535-40. doi: 10.1016/j.
amjcard.2013.10.021

20. Othman HF, Byrnes ], Elsamny E, Hamzah M. Impact of ventricular
arrhythmias on outcomes in children with myocarditis. Eur J Pediatr. (2020)
179(11):1779-86. doi: 10.1007/s00431-020-03687-4

21. Law YM, Lal AK, Chen S, Cihakova D, Cooper Jr. LT, Deshpande S, et al.
Diagnosis and management of myocarditis in children: a scientific statement
from the American heart association. Circulation. (2021) 144(6):e123-e35.
doi: 10.1161/CIR.0000000000001001

22. Kociol RD, Cooper LT, Fang JC, Moslehi JJ, Pang PS, Sabe MA, et al.
Recognition and initial management of fulminant myocarditis: a scientific
statement from the American heart association. Circulation. (2020) 141(6):
€69-92. doi: 10.1161/CIR.0000000000000745

23. Hauck AJ, Kearney DL, Edwards WD. Evaluation of postmortem
endomyocardial biopsy specimens from 38 patients with lymphocytic
myocarditis: implications for role of sampling error. Mayo Clin Proc. (1989) 64
(10):1235-45. doi: 10.1016/50025-6196(12)61286-5

24. Chow LH, Radio SJ, Sears TD, McManus BM. Insensitivity of right
ventricular endomyocardial biopsy in the diagnosis of myocarditis. ] Am Coll
Cardiol. (1989) 14(4):915-20. doi: 10.1016/0735-1097(89)90465-8

25. Amemiya K, Kobayashi T, Kataoka Y, Iwai T, Nakagawa S, Morita Y, et al.
Myocarditis after COVID-19 mRNA vaccination in three young adult males:

frontiersin.org


https://doi.org/10.1001/jamanetworkopen.2021.5298
https://doi.org/10.1001/jamanetworkopen.2021.5298
https://doi.org/10.1056/NEJMoa2102605
https://doi.org/10.1056/NEJMoa2203315
https://doi.org/10.1056/NEJMoa2116298
https://doi.org/10.15585/mmwr.mm7045e1
https://doi.org/10.1093/cid/ciab989
https://doi.org/10.1093/cid/ciab989
https://doi.org/10.1016/j.jpeds.2021.07.044
https://doi.org/10.1016/j.jpeds.2021.07.044
https://doi.org/10.1001/jamacardio.2021.3471
https://doi.org/10.1001/jamacardio.2021.3471
https://doi.org/10.1542/peds.2021-053427
https://doi.org/10.1542/peds.2021-052478
https://doi.org/10.1542/peds.2021-052478
https://doi.org/10.1097/INF.0000000000003389
https://doi.org/10.1097/INF.0000000000003389
https://doi.org/10.3390/ijerph19063456
https://doi.org/10.3390/ijerph19063456
https://doi.org/10.1016/j.jpeds.2022.03.032
https://doi.org/10.1097/INF.0000000000003235
https://doi.org/10.1097/INF.0000000000003235
https://doi.org/10.1093/jpids/piab060
https://doi.org/10.1161/CIRCULATIONAHA.121.056583
https://doi.org/10.1161/CIRCULATIONAHA.121.056583
https://doi.org/10.1016/j.ijcard.2021.08.018
https://doi.org/10.3346/jkms.2021.36.e286
https://doi.org/10.1016/j.amjcard.2013.10.021
https://doi.org/10.1016/j.amjcard.2013.10.021
https://doi.org/10.1007/s00431-020-03687-4
https://doi.org/10.1161/CIR.0000000000001001
https://doi.org/10.1161/CIR.0000000000000745
https://doi.org/10.1016/S0025-6196(12)61286-5
https://doi.org/10.1016/0735-1097(89)90465-8
https://doi.org/10.3389/fped.2022.995167
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Han et al.

significance of biopsy in vaccine-associated myocarditis. Pathol Int. (2022) 72
(7):385-7. doi: 10.1111/pin.13234

26. Gill JR, Tashjian R, Duncanson E. Autopsy histopathologic cardiac findings
in 2 adolescents following the second COVID-19 vaccine dose. Arch Pathol Lab
Med. (2022) 146(8):925-9. doi: 10.5858/arpa.2021-0435-SA

27. Kazama S, Okumura T, Kimura Y, Ito R, Araki T, Mizutani T, et al. Biopsy-
proven fulminant myocarditis requiring mechanical circulatory support following
COVID-19 mRNA vaccination. CJC Open. (2022) 4(5):501-5. doi: 10.1016/j.cjco.
2022.02.004

28. Lim Y, Kim MC, Kim KH, Jeong IS, Cho YS, Choi YD, et al. Case report:
acute fulminant myocarditis and cardiogenic shock after messenger RNA
coronavirus disease 2019 vaccination requiring extracorporeal cardiopulmonary
resuscitation. Front Cardiovasc Med. (2021) 8:758996. doi: 10.3389/fcvm.2021.758996

29. Verma AK, Lavine KJ, Lin CY. Myocarditis after COVID-19 mRNA
vaccination. N Engl J Med. (2021) 385(14):1332-4. doi: 10.1056/NEJMc2109975

30. Yamamoto M, Tajiri K, Ayuzawa S, Ieda M. Pathological findings of
clinically suspected myocarditis temporally associated with COVID-19
vaccination. Eur J Heart Fail. (2022) 24(6):1132-8. doi: 10.1002/ejhf.2523

31. Larson KF, Ammirati E, Adler ED, Cooper Jr. LT, Hong KN, Saponara G,
et al. Myocarditis after BNT162b2 and mRNA-1273 vaccination. Circulation.
(2021) 144(6):506-8. doi: 10.1161/CIRCULATIONAHA.121.055913

32. Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, Chaudhri S,
et al. Myocarditis temporally associated with COVID-19 vaccination.
Circulation. (2021) 144(6):502-5. doi: 10.1161/CIRCULATIONAHA.121.055891

33. Grun S, Schumm J, Greulich S, Wagner A, Schneider S, Bruder O, et al.
Long-term follow-up of biopsy-proven viral myocarditis: predictors of mortality
and incomplete recovery. ] Am Coll Cardiol. (2012) 59(18):1604-15. doi: 10.
1016/j.jacc.2012.01.007

Frontiers in Pediatrics

105

10.3389/fped.2022.995167

34. Grani C, Eichhorn C, Biere L, Murthy VL, Agarwal V, Kaneko K, et al.
Prognostic value of cardiac magnetic resonance tissue characterization in risk
stratifying patients with suspected myocarditis. ] Am Coll Cardiol. (2017) 70
(16):1964-76. doi: 10.1016/j.jacc.2017.08.050

35. Aquaro GD, Perfetti M, Camastra G, Monti L, Dellegrottaglie S, Moro C,
et al. Cardiac MR with late gadolinium enhancement in acute myocarditis with
preserved systolic function: ITAMY study. ] Am Coll Cardiol. (2017) 70
(16):1977-87. doi: 10.1016/j.jacc.2017.08.044

36. Amir G, Rotstein A, Razon Y, Beyersdorf GB, Barak-Corren Y, Godfrey ME,
et al. CMR imaging 6 months after myocarditis associated with the BNT162b2
mRNA COVID-19 vaccine. Pediatr Cardiol. (2022) 43(7):1522-29. doi: 10.1007/
$00246-022-02878-0

37. Hadley SM, Prakash A, Baker AL, de Ferranti SD, Newburger JW, Friedman
KG, et al. Follow-up cardiac magnetic resonance in children with vaccine-
associated myocarditis. Eur ] Pediatr. (2022) 181(7):2879-83. doi: 10.1007/
s00431-022-04482-z

38. Berg ], Kottwitz ], Baltensperger N, Kissel CK, Lovrinovic M, Mehra T, et al.
Cardiac magnetic resonance imaging in myocarditis reveals persistent disease
activity despite normalization of cardiac enzymes and inflammatory parameters
at 3-month follow-up. Circ Heart Fail. (2017) 10(11):e004262. doi: 10.1161/
CIRCHEARTFAILURE.117.004262

39. Dubey S, Agarwal A, Nguyen S, Adebo D. Persistence of late
gadolinium enhancement on follow-up CMR imaging in children with
acute myocarditis. Pediatr Cardiol. (2020) 41(8):1777-82. doi: 10.1007/
500246-020-02445-5

40. Aquaro GD, Ghebru Habtemicael Y, Camastra G, Monti L, Dellegrottaglie S,
Moro C, et al. Prognostic value of repeating cardiac magnetic resonance in
patients with acute myocarditis. ] Am Coll Cardiol. (2019) 74(20):2439-48.
doi: 10.1016/j.jacc.2019.08.1061

frontiersin.org


https://doi.org/10.1111/pin.13234
https://doi.org/10.5858/arpa.2021-0435-SA
https://doi.org/10.1016/j.cjco.2022.02.004
https://doi.org/10.1016/j.cjco.2022.02.004
https://doi.org/10.3389/fcvm.2021.758996
https://doi.org/10.1056/NEJMc2109975
https://doi.org/10.1002/ejhf.2523
https://doi.org/10.1161/CIRCULATIONAHA.121.055913
https://doi.org/10.1161/CIRCULATIONAHA.121.055891
https://doi.org/10.1016/j.jacc.2012.01.007
https://doi.org/10.1016/j.jacc.2012.01.007
https://doi.org/10.1016/j.jacc.2017.08.050
https://doi.org/10.1016/j.jacc.2017.08.044
https://doi.org/10.1007/s00246-022-02878-0
https://doi.org/10.1007/s00246-022-02878-0
https://doi.org/10.1007/s00431-022-04482-z
https://doi.org/10.1007/s00431-022-04482-z
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004262
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004262
https://doi.org/10.1007/s00246-020-02445-5
https://doi.org/10.1007/s00246-020-02445-5
https://doi.org/10.1016/j.jacc.2019.08.1061
https://doi.org/10.3389/fped.2022.995167
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

& frontiers | Frontiers in Pediatrics

’ @ Check for updates

OPEN ACCESS

EDITED BY
Cecile Tissot,
Clinique des Grangettes, Switzerland

REVIEWED BY
Edward George Jones,

Baylor College of Medicine, United States
Shiwei Yang,

Children’s Hospital of Nanjing Medical
University, China

*CORRESPONDENCE
Jiao Chen
chenjiao@scu.edu.cn

'These authors have contributed equally to this
work and share first authorship

SPECIALTY SECTION

This article was submitted to Pediatric
Cardiology, a section of the journal Frontiers in
Pediatrics

RECEIVED 05 August 2022
ACCEPTED 24 October 2022
PUBLISHED 23 November 2022

CITATION

Zhang W, Dai X, Liu H, Li L, Zhou S, Zhu Q and
Chen J (2022) Case report: Prenatal diagnosis
of fetal non-compaction cardiomyopathy with
bradycardia accompanied by de novo CALM2

mutation.

Front. Pediatr. 10:1012600.

doi: 10.3389/fped.2022.1012600

COPYRIGHT

© 2022 Zhang, Dai, Liu, Li, Zhou, Zhu and Chen.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Pediatrics

TvpE Case Report
PUBLISHED 23 November 2022
D0110.3389/fped.2022.1012600

Case report: Prenatal diagnosis
of fetal non-compaction
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We herein report what appears to be the first case of fetal non-compaction
cardiomyopathy in both ventricles accompanied by a mutation in the
calmodulin gene (CALMZ2). A 25-year-old woman was referred to our
hospital at 25%* weeks of gestation for evaluation of fetal defects. Prenatal
echocardiography showed biventricular non-compaction cardiomyopathy
with sinus bradycardia. After termination of the pregnancy, fetal biventricular
non-compaction cardiomyopathy was confirmed by autopsy and
histopathologic examination. Additionally, whole-exome sequencing of
genomic DNA demonstrated a de novo heterozygous mutation (c.389A > G;
p.D130G) in CALM2, whereas the parents were normal. In this case report,
we highlight the importance of prenatal ultrasound and genetic testing in
fetal non-compaction cardiomyopathy with arrhythmia.

KEYWORDS

prenatal, ultrasound, non-compaction cardiomyopathy, bradycardia, CALM2 mutation

Introduction

Non-compaction cardiomyopathy (NCCM) is a rare disorder that frequently manifests
as monogenic diseases, especially neuromuscular disorders and chromosomal defects, and
it was first reported on autopsy in 1969 (1). The incidence of NCCM in the general
population ranges from 0.05% to 0.25%, whereas the incidence in children may reach
9.2% (2). NCCM is characterized by increased numbers of prominent trabeculations
and deep intertrabecular spaces. Additionally, NCCM combined with arrhythmia has
been rarely reported during the prenatal period. With the development of medical
imaging techniques, the detection rate of NCCM has increased. Prenatal ultrasound is
the primary and most convenient modality and can be used to recognize fetal
arrhythmias. Thus, it is possible to identify NCCM with arrhythmia as early as the fetal
period. As a rare genetic cardiomyopathy, NCCM is regulated by various genes that are
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involved in encoding ion channels, sarcomeres, and chaperone
proteins. The related ion channel genes mainly include SCN5A,
RYR2, KCNQI, and HCN4 (3). However, involvement of the
calmodulin gene (CALM2) in fetal NCCM has been rarely
reported. CALM2 is a Ca*'-signaling gene that encodes for
calmodulin, which is a multifunctional Ca®'-binding protein
(4). Calmodulin is also an important calcium-sensitive signal
transduction protein involved in regulating almost every cardiac
ion channel through calcium/calmodulin-dependent protein
kinase II (5, 6), and calmodulin may simultaneously contribute
to cardiomyopathy and arrhythmia. We herein present the first
case of fetal NCCM in both ventricles combined with sinus
bradycardia and CALM2 mutation at 25" weeks of gestation.

Case description

A 25-year-old woman (gravida 1, para 0) was referred to our
hospital at 25*" weeks of gestation for evaluation of fetal defects.
The patient was allergic to penicillin. Both parents were healthy,
and there was no family history of birth defects or exposure to
any specific teratogenic agents. A prenatal two-dimensional
ultrasonographic investigation (3.0-5.0 MHz) (Voluson E10;
GE Healthcare, Chicago, IL, United States) showed dilated
ventricles (Z-score of left ventricular end-diastolic dimension:
2.51, Z-score of right ventricular end-diastolic dimension:
2.32), an increased cardiac area/thoracic area ratio (0.56),
slight pericardial effusion, and extensive trabeculations in both
ventricles. We found that in the left ventricle, the compacted

10.3389/fped.2022.1012600

layer became thinner (2 mm) and the non-compacted layer
thicker the
the compacted layer became thinner (1.5mm) and the

became (6 mm), and in right ventricle,
intertrabecular space reached deeply into the epicardium. The
ratio of non-compacted to compacted myocardium (N/C
ratio) in the left and right ventricle was 3 and 2, respectively
(Figure 1A). Color Doppler revealed blood perfusion to the
intertrabecular recesses (Figure 1B). The heart rate was
101 bpm, and the atrioventricular (AV) interval was 133 ms.
Therefore, the prenatal ultrasound diagnosis was biventricular
NCCM with sinus bradycardia and pericardial effusion. Two
the fetal heart

improvement. The parents opted for pregnancy termination at

weeks later, showed no significant
28 weeks’ gestation after prenatal counseling, and heart
autopsy and whole-exome sequencing (WES) were performed
after obtaining the parents’ informed consent. At autopsy, the
biventricular wall contained increased numbers of prominent
trabeculae and deep intertrabecular recesses (Figure 2).
fetal NCCM

(Figure 3). Genomic DNA was extracted from the muscle of

Histopathologic ~ examination  confirmed
the fetus to perform WES. The result demonstrated a de novo
heterozygous mutation (c.389A >G; p. D130G) in CALM?2
(Figure 4). According to the current American College of
Medical Genetics guidelines, the CALM2 mutation was
preliminarily determined to be the pathogenic variant (PS2 +
PS4 + PMI1 + PM2 + PM5 + PP3). The filtering cascades for the
WES data of other variant genes are listed in Supplementary
Table S1. The sequencing results of the parents were normal.
The CALM2 variant was not found in either the largest

FIGURE 1

Fetal echocardiography at 25%! weeks of gestation. (A) The two-dimensional ultrasound image shows increased numbers of prominent
trabeculations and deep intertrabecular spaces in both ventricles (yellow arrow), especially at the left ventricular apex. The ratio of non-
compaction (6 mm) to compaction (2 mm) was 3:1. (B) The color Doppler ultrasound image shows blood perfusing the intertrabecular recesses
(white arrow). LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.
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FIGURE 2

with glycine (p.D130G) in the CALMZ2 gene (red arrow).

Sanger sequencing electropherogram. The variant (c.389A > G) demonstrated the replacement of a conserved aspartic acid residue at position 130

FIGURE 3

Dissected autopsy specimen. The specimen showed excessive trabeculae and deep intertrabecular recesses within the biventricular myocardium.

general population database (gnomAD, http://gnomad-sg.org)
or the in-house control database.

Discussion

NCCM is a rare cardiomyopathy with various genotypic
and phenotypic manifestations. It is categorized as a primary
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genetic cardiomyopathy by the American Heart Association
and as an unclassified cardiomyopathy by the European
Society of Cardiology (7). The diagnosis of NCCM is
complicated in fetal life, and there is no uniform standard. At
present, many scholars diagnose fetal NCCM by reference to
pediatric or adult criteria, mainly using the N/C ratio.
According to a study by Stollberger et al. (8), the diagnostic
criteria for NCCM by echocardiography during pregnancy are
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FIGURE 4
Histopathologic appearance of the myocardium at low magnification (hematoxylin and eosin, x40). The images were compatible with
non-compaction cardiomyopathy, with cardiomyocyte disarray in the non-compacted layer (black arrow) in opposition to regular
cardiomyocytes in the compacted layer (yellow arrow).

as follows: at least four trabeculations protruding apically to the right ventricular NCCM and can provide instructive

papillary muscle of the left ventricle visible in one imaging plane
in end-diastole, a two-layered structure with epicardial
compacted and endocardial noncompacted layers and an N/C
ratio of >2, and perfusion of intraventricular blood into the
intertrabecular spaces in color Doppler imaging. Fetal NCCM
has First,
development of the fetal cardiac structure, the N/C ratio of

its own specific imaging features. during
the myocardium in the normal fetus is much higher than that
in a child or adult. Therefore, when the N/C ratio of the
myocardium is about 2, we should be alert to the occurrence
of NCCM and establish follow-up plans to observe the
tendency of prominent trabeculations during the pregnancy.
Second, because of the right ventricular dominance of the
fetal circulation, fetal NCCM always involves both ventricles
(9). By contrast, pediatric or adult NCCM most commonly
occurs in the left ventricle; it rarely involves both ventricles,
NCCM

Involvement of the right ventricle often implies a poor

and isolated right ventricular is even rarer.
prognosis (10). In the published literature, most of the
ultrasonic diagnostic criteria of right ventricular NCCM are
based on the left ventricle; however, the right ventricle has
more trabeculae, and its anatomical and morphological
characteristics increase the difficulty of diagnosis of right
ventricular NCCM. Fazio et al. (11) reported that the key to
diagnosis of right ventricular NCCM is a significant increase
of trabeculae in the right ventricle accompanied by dilation of
this ventricle. The abnormal manifestations of the fetal right
ventricle in the present case included a thin compacted layer,
deep intertrabecular space, and dilated right ventricle. As
noted by Fazio et al. (11), we consider that increased
trabeculae within and enlargement of the right ventricle are

the most important abnormalities for the diagnosis of fetal
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information for prenatal counseling.

NCCM in children and adults is always accompanied by
arrhythmia. Kayvanpour et al. (12) found that the incidence
of arrhythmias reached 61%, including conduction system
diseases (26%), supraventricular tachycardia (17%), and
sustained or non-sustained ventricular tachycardia (18%).
Srivastava et al. (13) found that patients with NCCM had
various electrocardiographic abnormalities, the most common
of which were early repolarization and a prolonged QTc
interval. Additionally, the types of arrhythmias were related to
age. For example, Wolff-Parkinson-White syndrome and
ventricular tachycardia were more common in children, and
atrial fibrillation and other ventricular arrhythmias were more
common in adults (13). However, prenatal diagnosis of fetal
NCCM combined with arrhythmia has rarely been reported.
We have herein presented the first case of fetal NCCM in
both ventricles combined with sinus bradycardia. The normal
fetal heart 120 to 160 bpm. Fetal
bradyarrhythmia, which is defined as a heart rate of

rate ranges from
<110 bpm and mainly includes sinus bradycardia (16.9%) and
AV block (38.2%) (14), is related to fetal hypoxia, abnormal
heart structure,

Sustained bradyarrhythmia can lead to cardiac function

and maternal connective tissue disease.

impairment manifesting as cardiac effusion in the fetus (15),
as in the present case, suggesting a poor prognosis. Fetal
echocardiography is the most commonly used method for
diagnosing fetal arrhythmia. The AV interval is a key
parameter for identifying the type of bradyarrhythmia. The
normal fetal AV interval ranges from 112 to 130 ms (16). The
AV interval of the fetus in this case was 133 ms; because it
was <150 ms, it did not meet the diagnostic criteria for AV

block (17). Therefore, the fetal arrhythmia type was
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considered to be sinus bradycardia. Sinus bradycardia is found
in 40% of cases of fetal long QT syndrome (LQTS) during the
prenatal examination (18). The fetal findings combined with
the WES findings of the family in this case demonstrated a
new mutation in CALM2. Therefore, we highly suspected that
the had NCCM combined with LQTS. Fetal
magnetocardiography is currently the most consistent and

fetus

reliable technique for diagnosis of LQTS because it can
provide a fetal electrocardiographic-like signal to definitively
demonstrate QTc prolongation (19). However, because this
advanced device was unavailable in the present case, we were
unable to prove the presence of QTc prolongation using
prenatal echocardiography. Additionally, because the parents
chose to induce labor, we were unable to definitively
determine whether the fetus had LQTS.

NCCM can be familial or sporadic and may be isolated or
accompanied by other cardiac diseases. The etiology of
NCCM is complex and still unclear. Although at least 40 gene
mutations are reportedly associated with NCCM [e.g., MYH7
and PRDM16 (20-22)], few case reports of CALM2 mutation
in fetal NCCM have been published. A previous study
demonstrated strong or definitive evidence for a causal
relationship between CALM2 mutation and atypical LQTS
phenotypes, including marked sinus bradycardia or
atrioventricular block as well as QT prolongation in infancy
or early childhood (23). Limpitikul et al. (24) demonstrated
that the potential mechanism of CALM2 mutation-induced
LQTS is a of Ca**/calmodulin-dependent

inactivation of L-type Ca®" channels. Because the CALM2

disruption

gene is involved in regulating ion channels, it may
simultaneously contribute to cardiomyopathy and arrhythmia.
Three published cases indicated that CALM2 mutation might
have contributed to LQTS accompanied by cardiomyopathy
(one case of hypertrophic cardiomyopathy and two cases of
left ventricular NCCM), indicating the variant positions in
CALM2 (c396T>G; p.DI32E, ¢394G>C; p.D132H, and
c395A > G; p.D132G) (25-27). Our case adds a report of a
novel CALM2 mutation (c.389A>G; p.D130G)
NCCM combined with sinus bradycardia and detected by
WES, providing more information regarding the relationship
between the CALM2 gene and fetal NCCM combined with

arrhythmia. Considering our findings in combination with

in fetal

previously reported findings (25-27), we highly suspect that
CALM2 variants are simultaneous involved in cardiomyopathy
and arrhythmia (especially LQTS). However, further research
is required to confirm this hypothesis and elucidate the
pathogenic mechanism.

In summary, prenatal ultrasound is very important to
diagnose fetal NCCM. We should pay attention not only to
abnormalities of myocardial morphology but also to the
fetal heart rhythm. When prenatal ultrasound in the fetal
period shows a dilated heart combined with increased
trabeculae, especially in the right ventricle, fetal NCCM
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should be highly suspected. If the size of the heart and the
N/C ratio progressively increase during ultrasound follow-
up, genetic testing should be performed. Furthermore, in
cases of fetal NCCM combined with arrhythmia, genetic
testing is strongly recommended to provide more
information for prenatal consulting and clinical application

of precision medicine.
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Case report: Active clinical
manifestation of endocardial
fibroelastosis in adolescence in
a patient with mitral and aortic
obstruction—histologic
presence of
endothelial-to-mesenchymal
transformation
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This is the first description of active clinical manifestation of endocardial
fibroelastosis (EFE) and remodeling of the endocardium via endothelial-
to-mesenchymal transformation (EndMT) in an adolescent with Shone's
variant hypoplastic left heart complex (HLHC) and a genetic heterozygous
ABL1 variant. While EFE has not been typically associated HLHC or Shone's
syndrome, in this patient flow alterations in the left ventricle (LV), combined
with genetic alterations of intrinsic EndMT pathways led to active clinical
manifestation of EFE in adolescence. This case emphasizes that new therapies
for EFE might need to focus on molecular factors influenced by intrinsic and
extrinsic stimuli of EndMT.

endocardial fibroelastosis, hypoplastic left heart complex, endothelial-to-
mesenchymal transformation, ABL1, flow disturbance
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Introduction

Hypoplastic left heart complex (HLHC) which also covers
Shone’s syndrome is a rare congenital heart disease comprised
of severe obstructive lesions involving the left-sided inflow and
outflow tracts (1, 2) with an incidence of 154-279 per million
live births (3). In Shone’s variant HLHC, the left ventricle (LV) is
narrow but apex forming, the mitral valve (MV) can be stenotic
due to annular hypoplasia or a parachute configuration, and
the LV outflow tract (LVOT) shows multilevel obstructions. The
spectrum of disease ranges from relatively mild to severe forms,
and while supramitral fibroelastic membranes contributing
to MV obstruction are common in this disease entity, LV
endocardial fibroelastosis (EFE) has not been associated as a
major factor in Shoné’s variant HLHC (4).

Based on clinical observation from the LV rehabilitation
approach at Boston Children’s Hospital, EFE involves the
LV myocardium, contributing to LV systolic and diastolic
dysfunction. Moreover, EFE is observed during surgery in
multilevel obstructive lesions involving the left atrium, MV
apparatus and LVOT. EFE is a thickened subendocardial layer
of collagen and elastic, and occurs as early as during fetal
development. Hypothetically, EFE can prevent normal growth
and development of the LV but potentially might also contribute
to the pathologic changes of the MV and LVOT and aortic
valve. We have also recently reported that flow disturbances
are associated with the remodeling of the endocardium through
a process called endothelial-to-mesenchymal transformation
(EndMT), which we have shown as an underlying root
cause for EFE formation (5-7). EndMT is the phenotypical
switch of endocardial endothelial cells to mesenchymal cells
which is a normal developmental process during fetal heart
morphogenesis giving rise to the septa and valves (8). Despite
EFE being an early childhood disease, we present the case of
an adolescent with active clinical manifestation of EFE through
activation of EndMT in the entire LV cavity, MV and subaortic
region at 14 years of age.

Case presentation

This male, Caucasian patient of Armenian descent presented
at 2 days of age with Shones variant anatomy, including
MV stenosis, subaortic stenosis, a non-stenotic bicuspid aortic
valve (right non-fusion), and aortic coarctation. At the referral
hospital, the patient underwent a coarctectomy with end-
to-end anastomosis in the newborn period, followed by

Abbreviations: EFE, endocardial fibroelastosis; EndMT, endothelial-to-
mesenchymal transformation; MV, mitral valve; LV, left ventricle; LVOT,
left ventricular outflow tract; PCWP, pulmonary capillary wedge pressure;
HLHS, hypoplastic left heart syndrome; HLHC, hypoplastic left heart
complex.
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several transcatheter interventions for recoarctation, resulting
in coarctation recurrence, and the placement of multiple stents
from the distal transverse arch to the thoracic descending
aorta. He also underwent multiple catheter-based aortic balloon
valvuloplasties for mild aortic valve stenosis. At 6 years of
age, the patient required a surgical mitral valvuloplasty with
separation of papillary muscles and resection of stenosis
in the inter-chordal space in repair of a worsening mitral
stenosis. Additionally, a septal myectomy was performed to
relieve a muscular subaortic stenosis. After surgery, the patient
had an uneventful recovery and returned to full activities
with good stamina.

Whole-exome sequencing ruled out an underlying
aortopathy (suggested due to the unusual aortic disease
with extensive stenosis of the thoracic aorta requiring multiple
stent placements), but demonstrated a heterozygous ABLI
variant (p.Pro329Arg (CCG > CGG): ¢.986 C > G in exon 6 on
the ABL1 gene (NM_007313.2), ACMG/AMP classification as
variant of uncertain significance). In silico analysis performed
during whole exome sequencing supported that this missense
variant has a deleterious effect on protein structure and function
of ABLI. In addition, the patient’s past medical history was
significant for preterm birth, initially delayed milestones, short
stature, dysmorphic facial features, cryptorchidism, webbed
short fingers, narrow tapered palpebral fissures,— all features
previously described in patients with similar heterozygous
germline ABL1 variants, summarized as ABLIl-associated
congenital heart defects and skeletal malformation syndrome
(9-11). Of note, the mutation was inherited from the father,
who has no history of congenital heart disease, suggesting
variability in penetrance.

At 13 years old, the patient presented with an asymptomatic
aortic valve gradient of 55 mmHg, which was reduced to
30 mmHg via balloon valvuloplasty. The pulmonary capillary
wedge pressure was elevated to 21 mm Hg with a mitral
stenosis mean gradient of 9 mm Hg. In the following year,
the patient reported a steady decrease in energy levels,
accompanied by leg numbness, and limited stamina even
after short periods of rest. The patient was referred to our
institution, and echocardiographic and MRI imaging revealed
global LV hypertrophy and dysfunction. Thickened amorphic
tissue with bright signals from the base to LV apex consistent
with a diagnosis of EFE were detected on the endocardial
LV surface involving the MV and subaortic region. Marked
thickening of the atrial surfaces of the anterior and posterior
MV leaflets in the mid leaflet region prevented effective leaflet
coaptation (Figure 1). There was LVOTO (peak gradient if
45 mmHg, mean gradient of 22 mmHg), from the subaortic
region extending to the undersurface of the bicuspid aortic
leaflets. At repeat catheterization, LV filling pressures were
increased to 20 mmHg. On cardiac CT, severe in-stent stenosis
along nearly the entire length of the stented descending aorta
was seen. Overall, the patient’s symptoms were attributed to an
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FIGURE 1

Echocardiographic apical 4-chamber view (A-C), parasternal long axis (D,E) and MRI (F) imaging before EFE resection. 2D (A,D) and 3D (B,C,E)
echocardiography showing hyperechogenic thickening of the endocardium on atrial, mitral valve, LV and LVOT level consistent with generalized
EFE in the left sided structures of the heart is shown. Severe dilation of the left atrium can be noted. (C) Severe turbulences are detected by
color Doppler in all left sided structures affected by EFE as compared to physiological color Doppler appearance in the right sided structures of
the heart that are not affected by EFE. (F) Late gadolinium enhancement on endocardial level encapsulating all structures of the left atrium and

ventricle is depicted.

inability to significantly increase his cardiac output due to inflow
and outflow obstruction and decreased diastolic compliance due
to EFE.

The patient underwent surgery consisting of a mitral
valvuloplasty with surgical resection of the tethering
attachments to the anterior and posterior leaflets, thinning
of the leaflets with the removal of thickened amorphous tissue
(presumed to be EFE), mobilization of the leaflets, and the
anterior papillary muscle. Furthermore, tissue was resected
from the entire LV, the subaortic region, and the aortic valve,
accompanied by valvuloplasty and commissurotomy.

All resected tissues were comprised of paucicellular
organized avascular collagen and elastin matrix, which
is consistent with the histological picture of EFE (5, 6).
evaluation of the subaortic
of

attached myocardium.

Furthermore, pathological

obstruction revealed fragments endocardium-lined
with

Additionally, immunofluorescence analysis of the resected

fibromyxoid tissue scant
EFE tissue from all areas showed a high number of cells
expressing both endothelial and mesenchymal markers,

indicative of active EndMT (Figure 2).
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The immediate post-operative course was uneventful with
only mild residual mitral stenosis (Doppler echo mean gradient
3-4 mmHg) and a residual gradient over the aortic valve
(peak gradient 33 mmHg, mean gradient of 21 mmHg). At
3 months follow-up, B-type natriuretic peptide had normalized
to 91 pg/ml from 827 pg/ml preoperatively. At 6 months follow-
up, echocardiography showed a remaining mild LV hypertrophy
with good systolic function, and mild valvular mitral and aortic
stenosis with a mean gradient of 5-6 and 21 mmHg, respectively.
A marked improvement in diastolic flow parameters was noted.
The patient was doing well clinically without any apparent signs
of congestive heart failure on his standard heart medication
regimen. He now can exercise without limitations.

Discussion

This is the first description of active clinical manifestation
of EFE and remodeling of the endocardium via EndMT in
adolescence in an individual with longstanding congenital heart
disease involving the MV, the subaortic region and the entire
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FIGURE 2

Representative histological evaluation of resected EFE tissue. Organized structured avascular collagen and elastin matrix with scarce cellularity,
consistent with the histological picture of EFE is shown (A) H&E staining shows only sparse mononuclear likely mesenchymal stromal cells (B).
Masson’s trichome stain displays a thickened subendocardium with multiple and often alternating layers of elastic fibers (red wavy profiles) and
fibrous tissue (blue) with extension into the subjacent myocardium. (C) Double-staining of endocardial endothelial cells with VE-cadherin (red)
and alpha-smooth muscle actin (green) were performed to detect EndMT. A representative section is shown. The majority of endocardial
endothelial cells express both markers at the same time, indicating active EndMT. (D) Lack of predominant inflammatory invasion of EFE tissue is
confirmed by negative immunofluorescence staining for CD45 (absence of green). Cardiomyocytes are counterstained with Troponin | (red).

LV endocardium, and no previous clinical evidence of EFE. EFE
was visible immediately preoperatively on echocardiography
and MR, and confirmed by histological analysis of the resected
tissue, showing active EndMT. This is a signature case, since
it has been postulated that EFE manifests during the fetal
stage and early childhood. In this case we have histological
evidence of active EFE development and associated clinical
manifestation in adolescence (4). While it cannot be ruled out
that some level of EFE was already present earlier in the disease
course, this patient presented with marked changes in clinical
symptoms and LV function, which suggested an acute clinical
manifestation reflecting either de novo development of acute
progression in adolescence.
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be
induced by different stimuli including mechanical forces or

Endothelial-to-mesenchymal  transformation  can
inflammation (12). As we have previously shown hemodynamic
alterations, primarily flow disturbances are directly associated
with the induction of EndMT (5-7). Flow disturbances had been
present in this patient since birth. To rule out inflammation
as a potential stimulus for EndMT, we performed histological
analysis of EFE tissue. As indicated in Figures 2A,D, there was
no evidence of systemic infiltration of inflammatory cells which
was supported by preoperative normal total and differential
leukocyte counts.

In this case, we postulate that activation of EFE manifested
in the context of disturbed LV inflow and outflow. Varying
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degrees of altered flow patterns through the MV in combination
with outflow tract obstructions have been suggested to
contribute to the spectrum of critical AS to HLHS (AS/MS),
with numerous studies showing that disturbed inflow through
the MV is associated with the development of EFE (5, 7, 13, 14).
Specifically, Sharland et al. (13) and Allan et al. (15) showed
in the fetus that the initial intrauterine echocardiographic
evaluation often displayed a pattern of reduced MV inflow while
forward flow in the ascending aorta remained normal. Later
in gestation when no antegrade flow was detected—through the
MYV or the aortic valve-a bright endocardial layer consistent
with EFE was observed. These findings suggest that inflow
disturbances caused by either MV abnormalities or increased LV
filling pressures, are the underlying hemodynamic factors that
are associated with EFE formation. Furthermore, the severity
of the overall flow reduction and timespoints of such “insults”
may play a role in ultimately developing into HLHS or—critical
AS (16-18). Interestingly, in the presented patient, aortic and
MYV abnormalities and aortic coarctation were evident since
birth. Reduction of recurrent aortic outflow tract gradients left
a hemodynamic situation of MV stenosis with disturbed MV
inflow and active clinical manifestation of EFE.

While the MV circumferences in patients with HLHS
(AS/MS) or critical aortic stenosis may be just above or below
the lower ranges of normal values, they are frequently dysplastic
and stenotic, probably because of intrinsic alterations in EndMT
regulation (19). In contrast, even though aortic valves are often
small, they are also often formed normally (19). Furthermore,
while no genetic abnormality is specific to HLHS or critical
aortic stenosis, there is strong evidence supporting a genetic
etiology, and certain implicated specific gene mutations like
NOTCHLI play a crucial role in modulating EndMT (20-22).
Not only was this patient’s predominant intracardiac defect at
birth a dysplasia of the MV but he was also diagnosed with
a heterozygous germline missense ABL1 variant, which while
being of uncertain significance, in silico analysis suggested has
a deleterious effect on protein structure and function of ABL1.
Although the protooncogene ABL1 is well known for being part
of the fusion gene BCR*ABLI in leukemic cells (23), inherited
germline heterozygous mutations in ABLI have only recently
been found to cause congenital heart defects and skeletal
malformations through an increase in ABL1 kinase activity (9-
11). ABL1 kinase activity influences EndMT in the entire body
through inactivation of the phosphatase and tensin homolog
(PTEN) (24), a mechanism that has also been implicated in LV
hypertrophy and non-compaction in response to biomechanical
stress (25, 26). The combination of two hits—an intrinsic
EndMT alteration through his underlying genetic mutation
and distinct flow disturbances in adolescence potentially led
to EFE formation, and we speculate that a similar two-hit
hypothesis could also be the underlying mechanism behind the
development and progression of EFE in patients with HLHS
(AS/MS) / critical aortic stenosis spectrum disease.
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In conclusion, this case emphasizes the likely multifactorial
nature in development and persistence of EFE into adolescence.
In this patient, presenting with distinct flow alterations in the
LV, resembling well-described intrauterine patterns in patients
with LV disease in the HLHS (AS/MS) / critical AS and
Shone’s spectrum, in combination with genetic alterations of
intrinsic EndMT pathways, led to active clinical manifestation
of EFE in adolescence. A deeper understanding of genetic
and transcriptional factors influenced by intrinsic and extrinsic
stimuli of EndMT might lead to new therapeutic strategies
(e.g., through the usage of readily available pharmacotherapies
like tyrosine kinase inhibitors) for the prevention of EFE and
associated congenital heart defects.
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University of Medicine and Pharmacy, Cluj-Napoca, Romania

Introduction: Generalized arterial calcification of infancy (GACI) is a rare
cause of infantile heart failure and systemic hypertension with a poor
prognosis, characterized by extensive calcification and proliferation of the
intimal layer of large and medium sized arteries.

Case report: We present the first case report of successful surgical treatment
of severe aortic arch obstruction by calcified plaques mimicking severe
coarctation of the aorta and the outcome (of bisphosphonate therapy) in a
newborn with GACI. Furthermore, we report the identification of a variant
in ATP Binding Cassette Subfamily C, Member 6 (ABCC6) gene, possibly
associated with severe early-onset manifestations of GACI.

Conclusion: This case report highlights the importance of considering GACl in
an infant with heart failure, systemic hypertension, and evidence of increased
echogenicity of the arterial vessels. We noted the favorable outcome in
improving the aortic calcification in our patient after surgical treatment and
bisphosphonates therapy. Early diagnosis and treatment improve the long-
term prognosis. A better understanding of this rare genetic disease could lead
to new therapeutic strategies.

GACI, infantile heart failure, systemic hypertension, infant, ABCC6 gene
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Introduction

We present a case of a newborn with -early-onset
manifestations of generalized arterial calcification of infancy
(GACI-2) mimicking severe coarctation of the aorta (CoA), and
the clinical evolution of the patient in the first 18-months of
life. To our knowledge, this is the first case report of successful
surgical treatment of the aortic arch in a child with GACI.
Furthermore, this case contributes to enrich the literature with
data on a homozygote variant in ABCC6 gene as-sociated with
severe GACI phenotype.

Case report
Introduction

Generalized arterial calcification of infancy (GACI) is
an autosomal recessive condition characterized by extensive
calcification and intimal proliferation of the large and medium
arteries, including the aorta, coronary arteries, and renal
arteries, leading to vascular stenosis (1, 2). The most frequent
complications include severe systemic hypertension, heart
failure, myocardial infarction, respiratory distress, and sudden
death. The disease was first described in 1901 by Bryant and
White (3). This genetic disorder is caused by mutation in
ectonucleotide pyrophosphatase/phosphodiesterase 1 (ENPPI)
gene (GACI-1) and by mutation in ATP-binding cassette,
subfamily C, member 6 (ABCC6) (GACI-2), leading to
decreased levels of inorganic pyrophosphate (PPi). Inorganic
pyrophosphate prevents deposition of calcium hydroxyapatite
crystal in the vessel wall (4).

Generalized arterial calcification of infancy is a rare genetic
disorder with a poor prognosis. Data about this condition is
mainly based on case reports. To date, approximately 300 cases
of GACI have been re-ported, and an estimated frequency of
1/566.000 has been suggested (5, 6). Mortality rate is high in
infancy, 55% of children with GACI die within the first 6 months
of life due to rapid progression of arterial stenoses and heart
failure (1).

We present a case of a newborn with -early-onset
manifestations of GACI-2 mimicking severe CoA, and the
clinical evolution of the patient in the first 18-months of life.

Abbreviations: ABCC6, ATP-binding cassette, subfamily C, member 6;
BP, blood pressure; BT, brachiocephalic trunk; CT, computed
tomography; CoA, coarctation of the aorta; ENPP1, ectonucleotide
pyrophosphatase/phosphodiesterase 1; FATHMM; GACI, generalized
arterial calcification of infancy; LCCA, left common carotid artery; LSA,
left subclavian artery; MTHFR, methylene-tetrahydro-folate-reductase
mutations; PAI-1, plasminogen activator inhibitor 1; PGE1, prostaglandin
E1; PDA, ductus arteriosus; PPi, inorganic pyrophosphate; rhENPP1-Fc
protein, recombinant human (rh)ENPP1-Fc protein; SaO2, oxygen
saturation; VUS, a variant of uncertain significance.

Frontiers in Cardiovascular Medicine

119

10.3389/fcvm.2022.1032519

CoAo is a congenital narrowing of the proximal descending
aorta located mostly after the emergence of the left subclavian
artery, being considered as the fifth most common congenital
heart disease. Studies show the rate of recoarctation varies from
3 to 15% (7, 8). To our knowledge, this is the first case report
of successful surgical treatment of the aortic arch in a child with
GACI. Furthermore, this case contributes to enrich the literature
with data on a homozygote variant in ABCC6 gene as-sociated
with severe GACI phenotype.

Case report — The history of this case
without 80-81, 177

We report the case of an 18-day-old male newborn referred
from the neonatal intensive care unit of a peripheral hospital
to our tertiary center for management of a CoA with ductal
dependent systemic blood flow. It was related negative medical
family history, the absence of consanguineous relations and
no abnormality on the prenatal ultrasound. The boy was
born at 38 weeks of gestation via cesarean section (for
placental pathology), with a birth weight of 3,380g, and APGAR
score of 10 at 1 min.

In the third day of life, the newborn developed heart
failure and severe hypertension and the echocardiography
revealed severe CoA. The diagnosis was confirmed by computed
tomography (CT). Intravenous infusions of prostaglandin E1
(PGE1) was started in dose of 0.05 microgram/kg/min for
keeping the ductus arteriosus (PDA) open. In this condition was
admitted in our center.

Presenting symptoms

The physical examination showed severe respiratory
distress, a respiratory rate of 70 breaths per minute, cyanosis,
with oxygen saturation on pulse oximetry (SaO2) of 85% in
room air, tachycardia of 180 beats per minute, a grade III/IV
systolic murmur with interscapulovertebral irradiation, weak
pulse, a capillary refill time of 5 s, hepatomegaly, high systolic
blood pressure (BP), ranging from 93 to 115 mmHg, and
diastolic blood pressures between 40 and 50 mmHg (>95th
percentile for age); there was a significant difference in blood
pressure between the upper and lower extremity (right upper
limb BP 113/51 mmHg, left lower limb BP 64/31 mmHg).

Transthoracic echocardiography showed left ventricular
hypertrophy with impaired systolic function (LV ejection
of 40%),
hyperechogenicity and severe narrowing of the aortic arch

fraction severe  pulmonary  hypertension,
and descending aorta, with a significant gradient of 90 mmHg
(Figures 1A,B). The coronary arteries were normal (Figure 1C).
Ductus arteriosus was patent, but restricted, requiring an

increase in PGE1 dose.

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1032519
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Fagardsan et al.

+ Dist 0.634 cm
Dist 0.362 cm

FIGURE 1

10.3389/fcvm.2022.1032519

+ Vel 474 cmis
PG 90 mmHg

+ Vel 202cmis
PG 16 mmHg

+ Vel 448 cmis I

PG 80 mmHg

Pediatric

+ Vel 329 cm/s
PG 43 mmHg

(A—C) Preoperative echocardiographic images from the neonatal period showing hyperechogenicity and severe narrowing of the aortic arch
with a 2.5 mm diameter of the descending aorta lumen (gradient of 90mmHg) and normal coronary arteries; (D—F) postoperative
echocardiographic images from the neonatal period showing the brightness and the abnormal echogenicity of the walls of the aortic arch and
descending aorta and calcified residual masses at the level of the aortic arch extended to the brachiocephalic trunk, left common carotid artery,
left subclavian artery, with laminar color Doppler flow in the descending aorta. Diameter of descending aorta lumen of 5.5 mm; (G-1)
echocardiographic images at 3 months of age showing re-coarctation of the aorta with a significant gradient and the persistence of the aortic
arch calcifications; (J—L) echocardiographic images at 18-months of age showing the regression of the aortic arch calcifications without

obstruction, and mild left ventricular hypertrophy.

Therapeutic approach, postprocedural
evolution

Due to hemodynamic instability, it was decided to perform
the surgical repair of the CoA wvia lateral thoracotomy.
Intraoperatively, after aortotomy, a calcified mass extended to
the aortic arch, the left subclavian artery (LSA) and the left
common carotid artery (LCCA) was detected and partially
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removed, and an end-to-end anastomosis was performed
(Figure 2).

Postoperative hemodynamic evolution was favorable (LV
ejection fraction of 65%), the inotropic therapy being stopped
in the first postoperative day. Despite the progressive clinical
improvement, without a difference in BP between the upper
and lower extremity (right upper limb BP 90/46 mmHg,
left lower limb BP 80/40 mmHg) his systemic BP remained
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FIGURE 2

The calcified mass extracted intraoperatively from the left
subclavian artery (A), the aortic arch (B), and the left common
carotid artery (C).

high (110-115 mmHg), and beta blocker therapy (Propranolol
1 mg/kg/day) was started. Postoperative echocardiography
showed the brightness and the abnormal echogenicity of the
walls of the aortic arch and descending aorta and calcified
residual masses at the level of the aortic arch, with a 9 mm
extension to the brachiocephalic trunk (BT), LCCA, LSA, with
laminar color Doppler flow in the aorta (Figures 1D-F). The
presence of ectopic calcification in the aorta was not appreciated
preoperatively. Both preoperative ultrasound images and CT
acquisitions were retrospectively reviewed (Figure 3).

Extended areas of increased echogenicity (compatible with
calcifications) throughout the aortic arch extending into BT,
LCCA, LSA, and descending aorta with severe narrowing of
the aorta were noted (Figures 3A,B). To further elucidate
the extent of the calcifications, whole-body CT scan was
performed postoperatively, which detected diffuse areas of
residual calcifications in the aortic arch, BT and LCCA without
obstruction. No arterial calcifications were detected on the CT
scan of the abdomen and head. Moreover, a histological exam
of the calcified mass extracted intraoperatively was performed.
This investigation highlighted a thickening of the vascular
structure with fibrointimal proliferation and areas of nodular
calcification and no histological appearance of thrombus.
Parathyroid hormone, vitamin D3, calcium and phosphorus
serum levels were normal (Table 1).

Genetic investigation

The combination of vascular hyperechogenicity, severe
aortic calcification with critical obstruction of the aortic arch
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mimicking CoA, and arterial hypertension determined us to
consider GACI as a possible underlying etiology. The whole
exome sequencing using Illumina HiSeq PE150 platform and
SureSelect Human All Exon V6 kit was performed. The analysis
of the results revealed the homozygous variant genotype for
c.1896C > A (p. His632GIn) in exon 15 of the ABCC6 gene.
Also, the sequencing data analysis did not reveal any mutation
in ENPPI gene. Furthermore, the molecular screening for
thrombophilia revealed: methylene-tetrahydro-folate-reductase
mutations (MTHFR)-heterozygous genotype c.1298A > C,
and plasminogen activator inhibitor 1 (PAI-1)- heterozygous
4G/5G polymorphism.

Pharmacotherapy and follow-up

Treatment with bisphosphonate was started. Zoledronic
acid was administrated intravenously 0.025 mg/kg
once every 3 months.

At the age of 3-months, his clinical course was complicated
by aortic re-coarctation. The clinical exam revealed a grade
II/IV systolic murmur with interscapulovertebral irradiation,
bilateral absence of femoral pulse and a 20 mmHg BP
difference between the upper and lower extremity (right upper
limb BP 127/72 mmHg, left lower limb BP 105/60 mmHg).
Echocardiography revealed a significant narrowing of the aortic
isthmus (Figures 1G-I). CT scan confirmed the aortic re-
coarctation and showed improvement of his residual aortic arch
calcifications (Figures 3C,D). The infant underwent a prosthetic
patch aortoplasty to enlarge the site of re-coarctation.

During the follow-up period, continuous monitoring with
serial echocardiography was performed, emphasizing the
reduction in size of aortic calcifications, especially at the level
of BT. The child was re-admitted every 3 months for regular
Zoledronic acid infusions. Antihypertensive medication was
continued with regular blood pressure monitoring.

At the age of 18-months, the infant had normal growth
and development; the BP was well controlled with Propranolol,
without BP difference between the upper and lower extremity
(right upper limb BP 100/61 mmHg, left lower limb BP
94/55 mmHg). Echocardiography showed that the vascular
calcifications of the aortic arch and its branches were still present
but were not progressing (Figures 1J-L), however, CT scan
confirmed the regression of the aortic arch calcifications without
stenosis (Figures 3E,F). There was no evidence of complications
of his early calcification or of the bisphosphonate therapy.

Results and case interpretation
The newborn we report was not initially clinically suspected

of having GACI, considering that the preoperative clinical
manifestations overlapped with the clinical course of severe
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(A,B) Computed tomography images from the neonatal period showing extensive ectopic calcifications in the aortic arch, brachiocephalic
trunk, left common carotid artery, left subclavian artery and descending aorta with severe narrowing of the aorta mimicking coarctation of the
aorta. Note the brightness of the walls of the aortic arch and descending aorta; (C,D) computed tomography images at 3-months of age
showing re-coarctation of the aorta and residual calcifications in the brachiocephalic trunk and left common carotid artery without obstruction;
(E,F) computed tomography images at 18-months of age showing the regression of the aortic arch calcifications without stenosis.

CoA with restrictive PDA and systemic hypertension. Increased
echogenicity of the aortic arch and its branches was not
noted preoperatively by echocardiography and CT scan.
Postoperatively, after the partial removal of the obstructive
calcified plaque from the aortic arch, the increased echogenicity
of the aortic arch and the residual calcifications could be much
better appreciated by echocardiography. The combination of
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clinical features and extensive calcification of the aortic arch and
its branches revealed on imaging and intraoperatively, together
with histopathological findings and genetic testing confirmed
the diagnosis of GACI-2 with severe early-onset manifestations.
Although the main manifestations of GACI are widespread
calcification of the aorta and its branches, including the aortic
arch, the significant calcified plaques deposited in the aortic
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TABLE 1 The values of calcium and phosphate before and after
bisphosphonate treatment.

Treatment Calcium (mmol/L) Phosphate (mmol/L)
Before treatment 2.72 2.17
After treatment 2.72 1.9

arch obstructing systemic flow and mimicking CoA presented
in our case have not been previously described. Genetic testing
of our patient revealed a variant in ABCC6 gene reported in
ClinVar database as a benign variant (9). This single nucleotide
variant (SNV) is located in functional MRP6_HUMAN domain
and, in a previous study, Le Saux et al. revealed that the
missense mutations identified were considered pathogenic
(10). The frequency of this SNV in European population
is 0.4907, according to gnomAD database (11). This SNV
identified determine, in 632 protein sequence, the substitution
of glutamine with histidine, and according to UniProt database,
this amino acid substitution is associated with pseudoxanthoma
elasticum (PXE) (12). Furthermore, another study identified
this SNV as a neutral (non-disease-causing) variant in patients
with PXE (9). The analysis of the pathogenicity scores for
c.1896C > A in prediction platforms established a benign
predictor effect according to EIGEN, EIGEN PC, a tolerated
prediction according to DEOGEN2, LIST-S2, SIFT, and a
damaging prediction according to FATHMM. Therefore, the
variant identified in our case is classified as a variant of
uncertain significance (VUS) according to the American Collage
of Medical Genetics Classification: PS1, PMI1, PP2, PP5, BAI,
BP4, BP6. Using applied bioinformatic tools it was performed
in silico analysis based on algorithms which analyze the
DNA and protein sequence substitution (Poly-Phen2, PhD-SNP,
SNPs&Go). The functional effect of the identified SNV in our
case was predicted to be benign. To our knowledge this variant
has not previously been reported in association with GACI.

In our case, both the surgical treatment of the cardiovascular
complication and the medical therapy with bisphosphonates
had favorable outcomes; the patient successfully survived
infancy without heart failure and with systemic hypertension
under effective control. Zoledronic acid, a potent nitrogen(N)-
containing-bisphosphonate, was administrated intravenously,
0.025 mg/kg once every 3 months, in accordance with the
recommendations for use of bisphosphonates in pediatrics
(13). At the time of this report, the patient is 18-months old,
still under treatment with intravenously Zoledronic acid; CT
scan and ultrasound showed a significant regression of aortic
arch calcifications (0.5 mm from 9 mm at the level of BT)
without stenosis. No side effects of long-term administration of
bisphosphonates were detected.

Informed consent was obtained from the parents of the
patient, and this case report was approved by the Ethics
Committees of the Institute of Cardiovascular Diseases and
Transplantation (permission number: 7718/14.10.2020).
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Discussion

Ectopic mineralization is defined by the aberrant deposition
of calcium-phosphate complexes in tissues, and particularly
in blood vessels (14). Vascular calcification is a major cause
of morbidity and mortality (15). The pathophysiology of
the ectopic mineralization is poorly understood. In recent
decades, improvements have been made in understanding
the pathophysiological mechanisms, revealing that vascular
calcification can be the consequence of both a high-calcium
(Ca) and high-phosphorous (P) milieu and very well-
organized biological processes, including an imbalance
between osteochondrogenic signaling and anti-calcific events
(15). Failure of anti-calcification processes due to loss or
deficiency of mineralization inhibitors leads to vascular
calcification (15). Inorganic pyrophosphate (PPi) is known as
an endogenous inhibitor of biomineralization. Extracellular
pyrophosphate is synthesized from extracellular ATP and
has the role of preventing the formation and deposition
of hydroxyapatite crystals. ENPP1 and ABCC6 are plasma
membrane-associated proteins involved in PPi synthesis (4).
ENPP] is the principal enzyme that generates PPi from ATP
hydrolysis; ABCC6 works upstream of ENPPI by mediating
release of ATP (16). Mutations in the genes encoding these
enzymes reduce the plasma concentration of PPi, resulting
in reduced PPi (antimineralization factor)/Pi (inorganic
phosphate: promineralization factor), which stimulates ectopic
mineralization of the arterial vessels and other tissues (15). In
children, there are two major prototypes of such disorders that
associate spontaneous pathological arterial calcifications: PXE, a
late-onset, slowly progressing disease with multisystemic clinical
manifestations, and GACI, a more severe disease characterized
by early-onset mineralization of the cardiovascular system.

Generalized arterial calcification of infancy is a rare
autosomal recessive disorder characterized by congenital
calcification of large and medium sized arteries. The calcification
of arterial structures is initiated in the internal elastic lamina
and extends into the intima and media, being accompanied
by fibrous thickening of the intima, which causes luminal
narrowing (17). There are two forms of GACI. In most cases
(67%), causal mutations have been identified in the genes
ENPPI(GACI-1) (1). There are many studies reporting the
mutations in ENPPI1 in patients with GACI (2, 4, 17-20). In
9% of cases, GACI results from biallelic inactivating variants
in ABCC6 (GACI-2) (1). Mutations in ABCC6 typically cause
PXE. Nitschke et al. studying 92 patients with severe, early-onset
arterial calcification, identified biallelic pathogenic mutations
in ENPP] in 62 patients and ABCC6 mutations in 14 patients.
Biallelic mutations in ABCC6 were found in 8 cases of typical
GACI that presented widespread calcifications of the aorta
and coronary arteries; additionally, in six patients with critical
GACI, monoallelic ABCC6 mutations were detected. Thirteen
different mutations in ABCC6 were identified. Furthermore, it
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has been suggested that there is a genotype-phenotype overlap
between GACI and PXE (21). Ferreira et al. reported the
results of clinical, laboratory and molecular evaluations of 20
subjects with GACI who survived infancy; they identified 16
biallelic ENPPI variants and 6 ABCC6 variants; the patients
with ABCC6 variants did not differ in the frequency or location
of ectopic calcification compared with those having ENPPI
variants (1). Further evidence of genetic heterogeneity in the
pathogenesis of GACI is based on identification of affected
individuals who lack variants in either ENPPI or ABCC6 (1, 21).
While it is widely recognized that individuals with pathogenetic
variants in ENPP1 or ABCC6 can manifest GACI, there is
evidence that associateVUS with the GACI phenotype (22).
Mahajan et al. reported two VUS located on chromosome
20q11.21 and 16p11.2 in a patient with GACI (22). In our case,
the whole genome sequencing analysis revealed homozygous
variant genotype for c.1896C > A of ABCC6 gene. This SNV
has been reported in ABCCE6 initially in 2001 as a neutral (non-
disease-causing) variant in both heterozygous and homozygous
states in a cohort of 122 patients with PXE (10). To our
knowledge, this variant has not previously been reported in
association with GACI phenotype.

Diagnosis of GACI is suspected based on clinical and
imaging findings. A definitive diagnosis involves identification
of variants in ENPPI1 or ABCC6 and/or typical histopathological
findings. The clinical spectrum of the disease varies widely.
The most affected arteries are the aorta, coronary, pulmonary,
cerebral, mesenteric, and renal arteries. Early-onset disease (48%
of cases) presents variably with fetal distress, severe heart failure,
respiratory distress, pulmonary hypertension, and systemic
hypertension and refers to cases that occur in the fetal period
or within 1 month of birth (6, 23). Presentation of late-onset
disease (52% of cases) refers to cases where the onset is 1 month
after birth and the clinical manifestations include respiratory
failure, congestive heart failure, vomiting, feeding difficulties,
irritability, failure to thrive, fever, hypertension, and edema (6,
23). Nearly half of all children with GACI are diagnosed during
infancy (4, 24). Prenatal diagnosis is extremely rare and should
be suspected when there is evidence of polyhydramnios or a
history of early neonatal death or when increased echogenicity
is observed along large vessels by fetal ultrasound (4, 25).
A small number of prenatally diagnosed cases of GACI have
been reported in the literature (26, 27). In our case, antenatal
ultrasonography did not reveal any abnormalities.

Generalized arterial calcification of infancy should be
considered in infants with signs of congestive heart failure,
myocardial ischemia, severe systemic hypertension, respiratory
failure (4, 28). The diagnosis involves high index of suspicion.
Limited awareness of this disease and low suspicion by
physicians make early diagnosis rare. Cases clinically suspicious
for GACI can be confirmed with imaging studies, arterial biopsy,
and genetic analysis (29). Imaging investigations are extremely
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useful in the clinical diagnosis of GACI by identifying increased
echogenicity of arterial walls and vascular narrowing. While
echocardiography is useful, it may not provide a definitive
diagnosis and additional imaging techniques such as whole-
body CT scan combined with CT angiography are usually
necessary to assess the extent of calcifications and stenoses
in the arteries. Several clinical reports have shown extensive
calcifications and narrowing of the aortic arch and descending
aorta, but no case developed severe obstruction (20, 22, 23). The
severe phenotype of GACI mimicking CoA presented in our
case have not been previously described.

The prognosis of GACI patients is poor, the greatest number
of deaths occurring within the first 6 months; most infants
die from severe, rapidly progressive heart failure or myocardial
infarction. Only a few cases of survivors into later childhood
or adulthood are reported (30-32). O’Brien et al. evaluated the
lifelong impact of ENPPI deficiency and the early onset form of
ABCC6 deficiency from a patient or caregiver perspective and
concluded that these morbidities are debilitating diseases with
lifelong morbidity, including pain and impaired mobility, and
those who are affected experience impairment of quality of life
and psychosocial issues throughout life (33).

Early appropriate diagnosis would allow treatment and is
associated with a higher survival rate. There are no guidelines
for GACI treatment. In recent years, basic science has elucidated
the molecular pathway and mechanisms involved in PXE, which
has led to rapid advances in the development of many potential
therapeutic options for PXE and GACI (34). The therapeutic
solutions target various steps in the ABCC6 pathway with
the goal of either slowing or reversing the progression of the
disease. Two main categories of therapeutic solutions have been
proposed, most of them have been tested in pre-clinical animal
models and a few early clinical trials. The first therapeutic
strategy targets correction, replacement, or inhibition of
dysfunctional genes/proteins [ABCC6, ectonucleotides (NPP1)
and tissue non-specific alkaline phosphatase (TNAP)] (34).
Nitschke et al. concluded that ENPP1 enzyme replacement
by subcutaneous administration of the rhENPPI-Fc protein
[recombinant human (rh)ENPP1-Fc protein] may influence
vascular smooth muscle cells proliferation and may serve
as an approach for effective prevention and treatment of
arterial stenosis in GACI (35). The second therapeutic strategy
targets direct inhibition of calcification via supplementation
by various compounds: magnesium (inhibits the formation
of apatite), vitamin K (correct for insufficient carboxylation
of matrix gla protein), bisphosphonates (inhibit enzymes that
utilize pyrophosphate), pyrophosphate (potent inhibitor of
calcification, ABCC6 modulates PPi production), phytic acid
(inhibitor of calcification), sodium thiosulfate (approved for
calciphylaxis) (34).

Bisphosphonates are PPi analogs and have been shown to
decrease phosphate levels, increase parathormone levels and
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cause stabile levels of calcium (36). Bisphosphonates have been
used clinically for decades in treatment of osteoporosis, Paget’s
disease of bone, and osteogenesis imperfecta (34). The results
of bisphosphonate therapy in GACI are variable, spontaneous
resolution of calcifications on CT scan or echocardiography
has occasionally been reported, but the long-term prognosis
in survivors is not described (5, 37). In their retrospective
study, Rutsch et al. reported that bisphosphonate therapy was
associated with survival in 11 (65%) of 17 treated patients
whereas 69% of the patients not treated with bisphosphonates
died (38). Ramjan et al. reported complete resolution of arterial
calcification with the long-term usage of bisphosphonates (39).
Weingarten et al. recently reported the favorable therapeutic
response in a case of GACI using an innovative therapeutic
plan including bisphosphonate (Pamidronate), Acetazolamide
(increase urinary excretion of phosphate) and Similac PM
60/40 (a low calcium and phosphate formula) (37). Yunfeng
et al. reported the case of a preterm infant with GACI and
concluded that the treatment with oral phosphonates is expected
to improve the long-term prognosis (23).

There are two categories of bisphosphonates based on
the presence of a non-nitrogenous or nitrogenous side chain.
Etidronate is a non-nitrogen(N)-containing-bisphosphonate
whose antiresorptive potency is at the lower end of the scale,
while Pamidronate, Alendronate, Risedronate and Zoledronic
acid are more potent N-containing-bisphosphonates.
Furthermore, N-containing-bisphosphonates usually increase
bone density, demonstrating a better antifracture efficacy (34).
Etidronate has been used to treat GACI patients and early
treatments improved GACI outcomes. Prolonged Etidronate
use in GACI patients has been associated with severe skeletal
toxicity, radiographic findings resembling osteoporosis
or hypophosphatemia (40). It remains unclear whether
bisphosphonates, Etidronate in particular, are associated with
improved survival (41).

Zoledronic acid is being developed as an intravenous
therapy and has the highest affinity for hydroxyapatite and
the longest duration of action. Mixed results associated with
Zoledronic acid treatment have been reported. Synetos et al.
in an experimental model of aortic stenosis, concluded that
the inhibition of aortic valve calcification by local delivery
of Zoledronic acid was feasible and effective, without evident
short-term complications (42). Cai et al. demonstrated that
once-yearly Zoledronic acid did not affect progression of
abdominal aortic calcification over 3 years in postmenstrual
women with osteoporosis (43). The anti-calcification properties
of Zoledronic acid for PXE have been reported in an in vitro
series of experiments with primary fibroblasts (44). Intravenous
Zoledronic acid or Pamidronate are the treatment of choice in
patients with moderate-to-severe osteogenesis imperfecta (45).
In our case, we opted for the treatment with Zoledronic acid
considering the severe phenotype of the disease as well as the
superior pharmacokinetics of this N-bisphosphonate, which is
essential for optimal clinical outcomes and minimalization of
the risk of adverse effects.
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Deshpande et al. published the first report of successful
mechanical support in a patient with GACI, additionally,
over time with bisphosphonate therapy, there was a
remarkable recovery of cardiac function (46). Giovannoni
et al. reported an 18-month-old child with GACI and
end-stage myocardial ischemia who underwent successful
heart transplantation (47). Although Samyn et al. reported
the first case of successful cardiac surgery in a child with
severe pulmonary valve stenosis and GACI (48, 49), until
now no one has reported surgical treatment for associated
severe obstruction of the aortic arch in a newborn with
GACIL In our case, both the surgical treatment of the
cardiovascular complication and the medical therapy with
The

successfully survived infancy with systemic hypertension

Zoledronic acid had favorable outcomes. patient
under effective control, without bone or joint modifications, no
signs of heart failure and significant regression of aortic arch
calcifications on imaging.

Conclusion

Our case highlights the importance of considering GACI
in an infant with heart failure, systemic hypertension, and
evidence of increased echogenicity of the arterial vessels
on imaging. Early diagnosis and treatment improve the
long-term prognosis. We noted the favorable outcome in
improving the aortic calcification in our patient after surgical
treatment of the severe aortic arch obstruction by calcified
plaques and bisphosphonates therapy. Furthermore, we report
the identification of a variant in ABCC6 gene, possibly
associated with severe early-onset manifestations of GACI
mimicking severe CoA. A better understanding of this rare
genetic disease and further evidence of genetic heterogeneity
both by identifying affected individuals who lack variants
in either ENPP1 or ABCC6 and elucidating possible genes
involved in this condition could lead to new therapeutic
strategies.
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There are limited cases of heart-lung transplantation (HLT) in children
worldwide owing to lack of donors, demanding surgical teamwork,
and arduous post-operative management. Post-transplant management
difficulties stem from the possible development of several post-operative
complications, with infection being a common complication. Intracranial
fungal infections are difficult to diagnose and prone to treatment delays
because of their relatively insidious onset and atypical clinical presentation.
Here, we present a case of a cerebral infection developed 3 months after HLT
in a 10-year-old child, showing no positive results on conventional imaging
or cerebrospinal fluid (CSF) examination and culture. On metagenomic next-
generation sequencing of the cerebrospinal fluid, the causative organism was
finally determined as Aspergillus. After administering 1-year anti-Aspergillus
treatment, no recurrence of intracranial fungal infection was noted during the
3-year follow-up. This case illustrates the multifaceted diagnostic techniques
for cerebral aspergillosis after HLT and shows the significance of dynamic
monitoring of symptoms, such as headache, and of metagenomic sequencing
results, trends in intracranial pressure and (1-3)-B-D-glucan levels for guiding
diagnosis and treatment.

heart-lung transplantation, intracranial infection, Aspergillus, metagenomic next-
generation sequencing (mNGS), voriconazole
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1. Introduction

Heart-lung transplantation (HLT) is the only treatment
for certain end-stage cardiopulmonary diseases so far. In
1968, Professor Cooley performed the first human HLT on
a 2-month-old infant, who died of pulmonary insufficiency
14 h after the procedure (1). In recent years, the short-
or long-term results of HLT have become increasingly more
satisfactory due to improvements in donor organ preservation,
surgical techniques, and postoperative management as well
as advancements in immunosuppressive treatment. However,
post-transplant rejection, infections, renal failure, tumors, and
other postoperative complications continue to occur and
adversely affect quality of life. Infections have become the
most prevalent complication due to the administration of
immunosuppressive drugs after transplantation. The most
common site of infection is the lungs, but intracranial
infections are the most insidious and are more challenging to
diagnose and treat. Common pathogens that cause infection
include bacteria, viruses, and fungi. Compared to invasion
by bacteria and viruses, intracranial fungal infections are
less common, with Candida spp. and Aspergillus spp. being
predominant (2). However, diagnosing and treating intracranial
fungal infections remain challenging in clinical neurology, and
routine CSF examination and culture are often negative. The
early application of metagenomic next-generation sequencing
(mNGS) can help identify the pathogenic organism, ensuring
the provision of appropriate treatment. The treatment of post-
transplantation intracranial fungal infection includes reduction
of immunosuppressive drugs, commencement of standardized
medication, and long treatment courses. The monitoring
of trends in symptoms, intracranial pressure, mNGS, and
biochemical indicators in the CSF can help guide treatment and
achieve more favorable outcomes.

2. Case description

Our patient was a 10-year-old girl with complex congenital
heart disease identified at birth. Congenital heart malformations
included single atrium, single ventricle (functionally a right
ventricle), pulmonary artery stenosis, and a persistent left
superior vena cava. The child underwent bidirectional Glenn
shunt operation and total cavopulmonary connection in
March 2010 and June 2013, respectively. Due to end-stage
cardiopulmonary failure, the patient finally underwent in situ
HLT in April 2019. The child was extremely unstable and needed
extracorporeal membrane oxygenation (ECMO) when back to
ICU from the operating theater, and suffered from functional
impairment of multiple organs. When the clinical picture
improved, she had bacterial pneumonia and viral septicemia.
With the provision of support and protection of organ function
as well as the adjustment of immunosuppressants and treatment
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with anti-infectives, the child fully recovered 2 months later. At
3 months postoperatively, the patient occasionally experienced
self-resolving headaches. At that time, intracranial calcification
was seen on cranial computed tomography with no other
abnormalities. Two weeks later, the patient’s headache worsened.
A lumbar puncture revealed a CSF pressure of 380 mmH;,O. The
CSF tested positive on Pan’s test, but negative for Cryptococcus
neoformans capsular antigen and ink staining, and negative
on culture. Accordingly, a preliminary clinical diagnosis of
intracranial infection was made.

Further cranial plain magnetic resonance imaging with
enhancement, magnetic resonance angiography, and magnetic
resonance venography revealed no significant abnormalities.
During this period, repeated CSF culture was negative. But CSF
manometry showed high levels, and CSF (1-3)-p-D-glucan was
positive through G test, which suggested a high probability of an
intracranial fungal infection. However, the causative organism
was not identified. Testing of the CSF using mNGS revealed a
high sequence number relating to Aspergillus species (mainly
Aspergillus niger), thus confirming the diagnosis of cerebral
aspergillosis. Regarding treatment, the prednisolone tablets
were discontinued to reduce immunosuppression, and the
antifungal voriconazole was given. After 4 weeks of voriconazole
treatment, the child’s headache symptoms did not resolve.
There was no significant decrease in CSF pressure, and the
patient had persistent positive G test results. A repeated mNGS
check showed an increased sequence number of A. niger. As
monotherapy was deemed ineffective, intravenous amphotericin
B was added with supplemental intrathecal administration.
After 8 weeks of treatment with voriconazole and amphotericin
B, the child’s headache gradually resolved and subsequently
disappeared. The intracranial pressure gradually decreased
to normal, the G test result turned negative, and repeated
mGNS tests of the CSF became negative (see Figure 1 for the
specific treatment course). After a 12-week induction period,
the amphotericin B was discontinued and maintenance therapy
with oral voriconazole alone was administered for 1 year. At
the end of the 3-year follow-up, the child had experienced no
recurrence of the intracranial infection.

3. Discussion

With recent advancements in HLT and postoperative
management, patient survival rates have improved significantly.
The current 3-month, 1-year, 3-year, 5-year, and 10-year
survival rates are 71, 63, 51, 44, and 31%, respectively
(3). More complications are likely to occur associated with
these higher survival rates. Possible graft-related complications
include early graft dysfunction, acute allograft rejection, and
heart graft vascular disease, while possible non-graft-related
complications include infection, acute or chronic kidney injury,
and malignancy (4).

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1042631
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Zhuang et al. 10.3389/fcvm.2022.1042631
—s— Headache VAS score
—e—BDG assay
——CSFP
500 - 107 —+—mNGS SSRN r 500 r 200
400 8 /\ R A /\ 400 k160
= o
e | 8 S
g 300 2 6 A 300 % 120 %
5 : : @
» g =2 w
8 (5] o O]
o o) w Z
Q 2004 J 4 2008 e E
m () 1
I
100 2 / 100 40
0- [ T r T T T T T T T T T T ™0 o0
7/24 8/6 8/18 8/30 9/12 9/24 10/6 10/18 10/30 11/12 11/24 12/6
voriconazole 150mg iv. Bid. 200mg po. Bid. 1 year
amphotericin B 7.5-30mg iv. Qd.
amphotericin B 0.05-0.5mg it. Qw.
FIGURE 1

Headache VAS score (black), BDG assay (blue), CSFP (orange), mNGS SSRN (green). The treatment course: voriconazole iv for 4 weeks, but both
of MNGS SSRN and CSFP increase, so intrathecal and intravenous amphotericin B were added, combined with voriconazole, for 8 weeks. Then
voriconazole po for a year. VAS: visual analogue scale, BDG: (1-3)-B-D-glucan, CSFP: cerebrospinal fluid pressure, mNGS: metagenomic
next-generation sequencing, SSRN: species-specific read number, iv: intravenous injection, po: per os, it: intrathecal injection

The post-operative management of HLT in children
poses great difficulty. Repeated preoperative cardiopulmonary
failure may compromise extracardiac organs, including those
that mediate immune function. This involvement, combined
with the use of post-operative immunosuppressive agents,
makes patients highly susceptible to infection. Postoperative
infections that occur after solid organ transplantation are
typically divided into three stages. Nosocomial infections
comprise the majority of them in the early postoperative
period, followed by opportunistic infections in the mid
postoperative period and community-acquired infections in
the late postoperative period (5). Pulmonary infection is the
most common nosocomial infection, followed by urinary tract,
hematologic, incisional, and intracranial infections. Intracranial
infection is also more common after transplantation, and the
responsible organisms are primarily bacteria (including even
Mycobacterium tuberculosis), viruses, and fungi. Fungi that
cause intracranial infections are invasive, the most common
being caused by Candida, then Aspergillus, and other genera
of fungi such as Cryptococcus (6-8). Aspergillus is a common
causative organism of mycotic infections in humans, and
most cases of cerebral aspergillosis are caused by Aspergillus
fumigatus (6, 8).
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al. additional
immunosuppression, reoperation within 10 days of heart

Alexander et found induction
transplant, delayed chest closure and peri-transplant ventricular
assist device (VAD) placement were associated with an increased
risk of invasive fungal disease (IFD) (9). The risk factors for
central nervous system (CNS) aspergillosis include neutropenia,
systemic glucocorticoid treatment, mastoidectomy, spinal
anesthesia, and paraspinal glucocorticoid injections (10).
And risk factors for the development of intracranial fungal
infections within 3 months post-transplantation include
the use of vasoactive drugs, extended intensive care unit
stay, renal failure requiring hemodialysis, and bacterial
infection (11). In immunocompromised patients, the fungus
often reaches the bloodstream through the respiratory tract
and may disseminate to spread to the brain. Intracranial
infection may also be caused by the fungus spreading through
adjacent structures such as the sinuses, orbits, and mastoid
process (12). Intracranial fungal infections in children are
uncommon but can be fatal; hence, their early diagnosis and
treatment are crucial.

Intracranial fungal infections can present as various
clinical such as encephalitis,

syndromes meningitis,

brain abscess, and even rarely as stroke (7, 13). Clinical
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headache,
confusion, and seizures (6, 14), but all are non-specific.

symptoms include nausea, vomiting, fever,
Procedures such as microscopic examination, CSF culture,
and histopathological examination of fungal pathogens
constitute the gold standard for diagnosis (8, 15). However,
CSF culture is time-consuming and has a low sensitivity,
and specimens are often difficult to obtain for pathological
examinations; thus, CSF analysis and imaging remain the
basis for diagnosis. The presence of elevated pressure and
protein levels along with decreased glucose levels in the CSF
suggest an intracranial infection (13). These markers are
important adjuncts to computed tomography and magnetic
resonance imaging for the detection of infection and the
monitoring of treatment.

Additional antigen analyses have been used to diagnose
cerebral aspergillosis and monitor treatment efficacy. The
substance (1,3)-B-D-glucan, which is detected using the G test,
is a conserved component of the fungal cell wall. The test is
indicated for the early diagnosis of all deep fungal infections
except those caused by Cryptococcus and Trichophyton, but
not for determining fungal infection type. The other substance
of note is galactomannan detected using the GM test, which
is primarily targeted for the early diagnosis of invasive
aspergillosis. Its use is recommended by the Infectious Diseases
Society of America for diagnosing aspergillosis. Polymerase
chain reaction (PCR) of fungal-specific DNA is useful for
diagnosing mycobacterial infections, but the results should be
considered in conjunction with those of other tests and the
clinical context (16). The current case showed only a strongly
positive G test result of the CSE suggesting an intracranial
fungal infection. However, the child's GM test was negative. As
infections caused by Aspergillus are often accompanied by a
positive GM test, it was possible that antifungal therapy led to
a false negative GM test result in this case. However, it is difficult
for the conventional tests mentioned above to determine the
causative organism; thus, more advanced testing techniques are
needed.

The mNGS technology is a DNA sequencing technique that
was developed from PCR and gene chips and belongs to a
group of modern molecular diagnostic techniques. Since the
first reported case of leptospirosis diagnosis using mNGS in
2014, mNGS has rapidly become a complementary test for
various infections. Compared to traditional tests, mNGS is
more effective at identifying CNS infections, with a positive
rate of 57% (17). The combination of mNGS with traditional
microbiological assays can significantly increase positive rates,
especially in cases with difficult-to-grow fungi and low fungal
culture loads. In mNGS detection, the thresholds of species-
specific read number (SSRN) of different genera showing a
positive result are inconsistent, with an SSRN >2 showing
positive results for Aspergillus. In this case, the SSRN in the
first mNGS test for Aspergillus was 27 and A. niger was 20,
thus confirming its identity as the causative organism. During
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the treatment with voriconazole, mNGS was tested again and
the SSRN of A. niger detected in the CSF reached 109. The
increase in sequence number implied that the treatment was
sub-optimal if not ineffective; thus, it was intensified by the
addition of amphotericin B. At the end of the induction phase,
no pathogenic organisms were detected during the final test,
which shows the significance of mNGS for guiding treatment.

The diagnosis of cerebral aspergillosis is challenging, with
only 55.9% of patients being diagnosed while still alive (10).
The disease also has poor prognosis and high mortality rates.
A review shows that Aspergillus meningitis has an ominous
prognosis with a global case-fatality rate (CFR) of 72.1%
but with a much better outcome among immunocompetent
patients in whom a CFR of 63.5% was observed versus a
83% CFR registered among immunocompromised patients
(10). So once diagnosed, a standardized and complete
pharmacological treatment course is essential. Triazoles,
particularly voriconazole, isavuconazole and posaconazole
for invasive infections, and voriconazole or itraconazole for
chronic infections, are the first line antifungal agents used to
treat aspergillosis (18). The availability of both intravenous
and different oral formulations of triazoles increases the
therapeutic options. Voriconazole is the current treatment
of choice for cerebral aspergillosis, while amphotericin B is
reserved for voriconazole-intolerant or -refractory patients.
The combination of the two is used as primary or remedial
therapy for refractory aspergillosis. Once the induction period
is over and the disease stabilizes, oral voriconazole may be
administered for a year. In the current case, voriconazole
administered intravenously for 4 weeks was ineffective;
the childs headache was not relieved, the microorganisms
persisted, and the intracranial pressure did not decrease.
Hence, intrathecal and intravenous amphotericin B was
added, starting at a low dose and gradually increasing to a
maintenance dose. After 8 weeks of the above combination
treatment, all the patient’s symptoms and test results returned
to normal; hence, the amphotericin B was discontinued and
oral voriconazole was commenced. The patient experienced
severe hypokalemia while receiving the amphotericin B. Daily
monitoring and supplementation ensured safe treatment, and
this case demonstrates the need for close monitoring of adverse
effects during amphotericin B administration.

4. Conclusion

Cerebral aspergillosis, which is relatively rare after HLT, is
clinically difficult to diagnose due to its insidious onset and
low sensitivity of traditional detection methods. In addition
to traditional detection methods, mNGS is recommended as
early as possible as an adjunct for identifying the pathogenic
organism. Once the diagnosis is confirmed, a standardized and
long course of antifungal treatment should be administered.
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The findings in this case showed that cerebral aspergillosis
after transplantation in children is difficult to treat, as it
requires combination voriconazole and amphotericin B and
a long induction treatment period to achieve clearance of
the microbial load. Closely observing the patients clinical
symptoms, using the G-test, and monitoring the intracranial
pressure and mNGS during treatment may guide treatment and
achieve satisfactory outcomes.
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Frequent torsades de pointesin a
child with novel AKAP9
mutation: A case report and
literature review
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Introduction: The aim of the present study is to report the diagnosis and
treatment of a rare case of frequent torsades de pointes (Tdp) in a child with
a novel AKAP9 mutation. A 13-year-old girl suffered from repeated syncope
and frequent Tdp. An electrocardiogram (ECG) showed frequent multisource
premature ventricular contractions with the R-ON-T phenomenon. The QTc
ranged from 410 to 468 ms. The genetic test indicated a heterozygous
mutation, namely, c.11714T >C (p.M3905T), in the AKAP9 gene, which is a
controversial gene in long QT syndrome. After treatment with propranolol,
recurrent syncope occurred, and the patient received an implantable
cardioverter defibrillator (ICD). Due to frequent electrical storms at home,
the child was additionally treated with propafenone to prevent arrhythmia.
The antitachycardia pacing (ATP) function in the ICD was turned off, and the
threshold of ventricular tachycardia (VT) assessment was adjusted from 180
beats/min to 200 beats/min. The patient was followed up for 12 months
without malignant arrhythmia and electric shock.

Conclusion: Genetic testing may be a useful tool to determine the origin of
channelopathy, but the results should be interpreted in combination with the
actual situation. Rational parameter settings for the ICD and application of
antiarrhythmic drugs can reduce the mortality rates of children.

KEYWORDS

torsades de pointes (TdP), long QT syndrome (LQTS), AKAP9 gene, case report,
implantable cardioverter defibrillator (ICD)

Introduction

Torsades de pointes (Tdp) is a life-threatening ventricular tachyarrhythmia
characterized by a continuously changing QRS complex morphology, with the electrical
axis twisting around the isoelectric line. Tdp is associated with a prolonged QT
interval and may be preceded by T-wave alternans (1). Long QT syndrome (LQTS) is
the most common hereditary ion channel disease in childhood, and it is characterized
by Tdp, syncope, and sudden death. There are currently 17 genes known to cause
LQTS, and their clinical manifestations are different (2). The present report discusses
the diagnosis and treatment of a rare case of LQTS with a novel AKAP9 mutation in a
child, and it summarizes the relevant experience and literature analysis. The parents of
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the child signed an informed consent, and this study was
approved by the Medical Ethics Committee of the hospital
(Hunan Children’s Hospital, Changsha, China).

Case presentation

A 13-year-old girl was admitted to the hospital because of
dizziness for 3 days and syncope twice. She experienced

10.3389/fped.2022.1027177

first school which lasted for
approximately 10 min, accompanied by salivation and urinary
incontinence. She was immediately sent to the emergency

department of a local hospital. During hospitalization, she

syncope during recess,

suffered syncope for a second time, and she was then
transported to our hospital by ambulance.

After admission, physical examination revealed that the
child was conscious with a normal heart rate but an irregular

speed 25mn/s sensitivity 10mm/mv

] av

FIGURE 1

of torsades de pointes episode during oral propranolol.

11 MF: 608z

Changes in ECG during treatment. (A) Holter on admission showed R on T phenomenon (red arrow) and torsades de pointes. (B) After treatment of
propranolol and magnesium sulfate, the QT interval was in the normal range, and no obvious ventricular premature beats were found. (C) Recurrence

- C
L.\ N A > A 7
. J J (
I
L~ L AN J
A gl ’\1 — s
-~ vV v
| n N A
I rAnNAAn NN
A A AA |
L PN B /("’\\'-~~ NI Y ‘\J LA~ -
/ V \['| R ASAVANINININA YV
aVR iy
R A AR )
- AWM NG
[T avt
)
A 2 - A
P S “‘."”’l“.‘\“‘\/\ ‘/“/ ‘ A‘(\v' N
pas | . v N | v u
a
s AN A A KA A AR f
" | \/ *-'. AN | LW A 4\ -~

~ LAV

—— A A AN NS
I~ \ M AA

Frontiers in Pediatrics

frontiersin.org

134


https://doi.org/10.3389/fped.2022.1027177
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Wang et al.

heartbeat. Echocardiography showed normal left ventricular
systolic function and a normal cardiac structure. Multiple
bedside (ECGs)
multisource premature ventricular contractions. Holter ECG

electrocardiograms showed  frequent

showed  frequent multisource  premature  ventricular
contractions (43,729 beats/day, with some occurring in pairs
and some occurring in doublet or triplet patterns) with the
R-ON-T phenomenon and Tdp (Figure 1A). The QTc ranged
from 410 to 468 ms. For treatment, the patient was
administered an intravenous infusion of magnesium sulfate
(0.5-1.0 mg/kg h) and potassium to maintain serum
potassium concentration at 4.5-5 mmol/L. She received oral
propranolol tablets (0.5 mg/kg) every 8h. After 1 week of
treatment, the child recovered and did not experience
palpitations or dizziness in the hospital. An ECG showed that
the premature ventricular contractions were significantly
reduced and that no ventricular tachycardia (VT) occurred,
and the QTc was 416 ms (Figure 1B). Occasionally, a
biphasic T wave was observed in Lead V2 in this patient in
sinus rhythm. Second-generation gene sequencing was
performed after receiving approval by the Medical Ethics

Committee and parental informed consent. As a result, a

10.3389/fped.2022.1027177

heterozygous mutation, namely, ¢.11714T > C (p.M3905T), in
the AKAP9 gene of the patient was detected, which was
inherited from her mother (Figure 2), whose ECG was
normal without QT prolongation and no history of syncope.
This variant has not been previously described in the
literature and has also not been previously reported in the
Human Gene Mutation Database (HGMD). No other possible
causative mutations were found, and no history of related
genetic diseases was detected in the family.

After 9 months, the child suffered from syncope and
convulsions again during housework. She was transferred to
our hospital after cardiopulmonary resuscitation for 2 h. The
ECG showed frequent multisource VT with Tdp (Figure 1C).
Temporary subclavian pacing was given to the patient, and
vasoactive drugs were used to maintain circulatory stability.
Oral propranolol tablets were adjusted to 1 mg/kg every 8 h,
and the patient received intravenous potassium and
magnesium supplementation. The Holter ECG showed that
the incidence of ventricular arrhythmia was 19,924 beats in
24 h with no occurrence of Tdp. Considering that the child
had syncope after drug treatment, she was implanted with an
implantable cardioverter defibrillator (ICD) under general
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anesthesia after 7 days of stabilization (Figure 3). Her parents
were informed that she needed activity restriction and exercise
reduction.

Two weeks after discharge from the hospital, the patient
developed obvious palpitations, fatigue, dizziness, and a sense
of electric shock at night. Because she experienced several
suspicious electric shock events, she was readmitted to our
hospital. The bedside program control of the ICD confirmed
that the child had multiple VT at home, and electrical
cardioversion terminated the tachycardia after antitachycardia
pacing (ATP) failed. In order to alleviate her anxiety, the ATP
function was turned off, the VT judgment threshold was
adjusted from 180 beats/min to 200 beats/min, and the energy
of the first electric shock was lowered from 30 to 20]. To
reduce the incidence of ventricular arrhythmias, the patient
was prescribed oral propafenone tablets (3 mg/kg) every 8 h.
A repeated Holter ECG showed that the frequency of
ventricular arrhythmias (3,387 beats/day) was significantly
lower than before and that the ventricular pacing function
was normal. The morphology of the T wave was normal in
the lateral precordial leads. No malignant arrhythmia and

10.3389/fped.2022.1027177

electric shock events occurred during the 1-, 3-, and 6-month
follow-ups. The child returned to school with restricted
activities, and her parents were satisfied with the treatment

provided.
Discussion
The diagnosis of LQTS is mainly based on

electrocardiographic manifestations, clinical manifestations,
and family history. A Schwartz score of >3.5 is considered for
the diagnosis of LQTS (Figure 4) (2). In the present case,
LQTS was diagnosed based on QT interval prolongation,
history of Tdp, and syncope with stress. Based on the
Schwartz scoring standard, the patient received a score of 6
points and met the diagnostic criteria of LQTS. Ion channel
gene detection also aids in genotyping and guiding the
treatment of LQTS (4). In the present case, we identified a
heterozygous mutation, namely, ¢.11714T > C (p.M3905T), in
AKAPY, which has not been reported in previous cases.

FIGURE 3

Chest x-ray after the implantation of the implantable cardioverter-defibrillator.
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ECG findings
@lie
>480ms 3
460-470ms 2
450 (male) ms 1
4-min recovery QTc after exercise test >480ms 1
Torsades de pointes 2
T-wave alternans 1
Notched T wave in 3 leads 1
Low heart rate for age 0.5
Clinical history
Syncope
With stress 2
Without stress 1
Congenital deafness 0.5
Family history
A. Family members with definite LQTS 1
B. Unexplained sudden cardiac death <age 30 0.5
among immediate family members
FIZI)?aUgR:o“stic criteria for long QT syndrome (LQTS) (the Schwartz score). Definite LQTS is defined by an LQTS score of >3.5 points.

Previous studies have named LQTS caused by AKAP9 gene
mutation as LQTS type 11. However, Adler et al. (5) analyzed a
large sample and reported that among the 17 known genes that
cause LQTS, only 3, namely, KCNQI, KCNH2, and SCN5A, are
clearly related to the occurrence of LQTS. Thus, it remains
controversial whether AKAP9 can cause LQTS. Previous
studies on the AKAP9 gene utilized a candidate gene
approach compared with an unbiased genome-wide
methodology used in this study. Recent studies have suggested
that the protein encoded by the AKAP9 gene is protein kinase
A-anchored protein 9 (Yotiao protein) and that its function is
mainly to act as a scaffold protein necessary for the assembly
of the

centrosome and Golgi apparatus (6). The Yotiao protein

several protein kinases and phosphatases on
forms a macromolecular complex with the voltage-gated
potassium channel alpha subunit, Kv7.1 (also known as

KCNQI), and its associated beta subunit, KCNE1, which
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is responsible for the slow activation of delayed rectifier
K+ currents and is a modifier of the clinical phenotype of
LQTS (7, 8). The AKAP9 gene not only alters QTc duration
but also affects the risk and severity of cardiac events. In this
case, the patient presented with frequent Tdp and multisource
VT without QTc prolongation, which also
indicated that the ECG manifestation of LQTS 11 was atypical
but had a high degree of malignancy. However, the child’s

significant

mother, who harbors the same heterozygous mutation in the
AKAP9 gene, had no LQTS-related symptoms, which
that AKAP9-associated LQTS is debatable,
warranting further research to determine whether there are

suggested

other unknown genes and influencing factors.

Treatments for LQTS include medication, implantable
device therapy, and cardiac sympathetic denervation. Beta-
blockers have been widely used as first-line drug therapy for
congenital LQTS, and the mechanism of their antiarrhythmic
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effect is to reduce or prevent the increase in cardiac transmural
repolarization dispersion that occurs during intense sympathetic
stimulation. However, if serious cardiovascular events still occur
after an adequate dose of propranolol, an ICD or cardiac
should be (3).
Postoperative electrical storm is a common complication after

sympathetic ~ denervation considered
ICD implantation in children, but the incidence in children is
unknown. In adults, the incidence of electrical storm after
ICD can be as high as 10%-60% (9), and it is mainly related
to myocardial ischemia, electrolyte disturbance, sympathetic
nerve excitation, and drugs (10). In this case, the child
suffered from ICD electric shock during hyperbaric oxygen
therapy as well as repeated electrical storms after painful
stimulation and tension, which may have been related to
sympathetic nerve excitation and the failure of beta-blockers
to effectively control arrhythmia. Propafenone is a class Ic
stability,
competitive beta-receptor blockade, and calcium channel

antiarrhythmic drug with strong membrane
blockade, and it quickly interferes with sodium channels (11).
In this case, the incidence of ventricular arrhythmias was
significantly reduced after the addition of propafenone.
However, attention should be paid to the children’s QT
interval and cardiac function to avoid cardiac insufficiency
and prolongation of the QT interval when propafenone is
combined with propranolol (12).

Currently, there is a lack of high-evidence guidelines or
consensus on parameter settings for ICDs in children with
cardiac channelopathies. For children with ICD implantation,
especially when the diagnosis of cardiac channelopathies is
clear and malignant arrhythmias have occurred in the past,
the threshold for VT assessment in the ICD should not be
lower than 188 beats/min or higher than the recorded VT
(13). In this case, the VT threshold of the ICD was adjusted
from 180 beats/min to 200 beats/min to avoid frequent
electric shocks. The ATP function is recommended to reduce
ICD discharge after ICD implantation in adults. However, in
cardiac channelopathies, Tdp or ventricular fibrillation (VF) is
the main attack and not monomorphic VT. Thus, in children
with ATP and obvious symptoms of palpitations and anxiety,
malignant arrhythmias are more like to occur. In the present
case, after ATP function of the ICD was turned off, no
electrical storm occurred again.

In conclusion, the diagnosis of LQTS in children needs to be
combined with ECGs, clinical manifestations, and family
history. Early genetic examination is helpful for typing and
guiding treatment, but the genetic results need to be
interpreted in combination with the actual situation. ICD
implantation, as a means of preventing sudden death of
children with cardiac syncope, can significantly reduce the
sudden death rate. Rational parameter settings and application
of antiarrhythmic drugs can reduce the mortality rates of
children.
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Case report: Rare novel MIPEP
compound heterozygous variants
presenting with hypertrophic
cardiomyopathy, severe lactic
acidosis and hypotonia in a
Chinese infant

Ling Wang!, Pengtao Lu'f, Jie Yin'f, Kangkang Xu?!, Dandan Xiang?,
Zhongman Zhang?, Han Zhangt, Bixia Zheng?, Wei Zhou?,
Chunli Wang? and Shiwei Yang*

!Department of Cardiology, Children’s Hospital of Nanjing Medical University, Nanjing, China, 2Nanjing Key
Laboratory of Pediatrics, Children’s Hospital of Nanjing Medical University, Nanjing, China

Background: Mitochondrial intermediate peptidase, encoded by the MIPEP gene, is
involved in the processing of precursor mitochondrial proteins related to oxidative
phosphorylation. Only a few studies have shown that mutations in MIPEP can
cause combined oxidative phosphorylation deficiency-31 (COXPD31), an autosomal
recessive multisystem disorder associated with mitochondrial dysfunction. We
report herein a rare case of an 8-month-old boy in China with hypertrophic
cardiomyopathy (HCM), severe lactic acidosis, and hypotonia caused by novel MIPEP
compound heterozygous variants.

Methods: Trio-whole-exome sequencing and copy number variation sequencing
were performed to identify mutated genetic loci. Sanger sequencing and quantitative
real-time PCR were used to validate the candidate single nucleotide variants and
copy number variants, respectively.

Results: The proband was an 8-month-old boy with HCM, severe lactic acidosis,
and hypotonia who died 2 months after his first admission. Two novel compound
heterozygous variants, c.1081T > A (p. Tyr361Asn) and a whole deletion (Ex1-
19 del), were found in the MIPEP gene, which were inherited from his healthy
parents respectively. Additionally, his mitochondria DNA copy number was
significantly reduced.

Conclusion: We are the first to report a patient with rare MIPEP variants in China.
Our findings expand the mutation spectrum of MIPEP, and provide insights into the
genotype-phenotype relationship in COXPD31.

MIPEP, hypertrophic cardiomyopathy, mitochondrial disease, oxidative phosphorylation,
combined oxidative phosphorylation deficiency-31

140 frontiersin.org


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2022.1095882
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2022.1095882&domain=pdf&date_stamp=2023-01-16
https://doi.org/10.3389/fcvm.2022.1095882
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1095882/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Wang et al.

Introduction

Mitochondrial diseases (MDs) are rare, with a prevalence of 5-
12/100,000 (1). They are characterized by oxidative phosphorylation
(OXPHOS) dysfunction caused by nuclear and/or mitochondrial
DNA (mtDNA) variations (2-4). Approximately 20-40% of
children with MDs develop cardiac manifestations, such as
hypertrophic cardiomyopathy (HCM), dilated cardiomyopathy
(DCM), arrhythmias, left ventricular non-compaction (LVNC),
heart failure and sudden cardiac death (5-8), which are termed
mitochondrial cardiomyopathy (MCM) (2, 4). Combined oxidative
phosphorylation deficiency-31 (COXPD31) (OMIM: 617228) is an
autosomal recessive mitochondrial disease caused by mutations in
the MIPEP gene. It can manifest as LVNC, HCM, DCM, global
developmental delay, severe hypotonia, seizures, cataracts, and
abnormal movements (9, 10). The MIPEP gene spans 57 kb in the
long arm of chromosome 13 (13q12.12) and consists of 19 exons
(11). Mitochondrial intermediate peptidase (MIP), encoded by
MIPEP, which localizes to the mitochondrial matrix, and participates
in secondary cleavage processing for a specific class of nuclear-
encoded precursor mitochondrial proteins mostly characterized
by XRX(})(F/L/DXX(T/S/G)XXXX({) (11-13). Pulman et al.
(10) demonstrated that MIPEP variants impair the stability and
abundance of OXPHOS complexes. Clinical reports of MIPEP
variations have been exceedingly infrequent. We herein reported the
first case of early-onset HCM, severe lactic acidosis, and hypotonia,
caused by MIPEP variants in China.

Materials and methods

Whole-exome sequencing

Genomic DNA was extracted from the peripheral blood of
the proband and his parents using a DNA isolation kit (Tiangen,

10.3389/fcvm.2022.1095882

China) according to the manufacturer’s protocol. Following, the
Genomic DNA was sheared into fragments and hybridized with
the xGen Exome Research Panel v1.0 probe sequence capture
array from IDT (Integrated Device Technology, USA) to enrich
the exonic region. The enriched libraries were performed on an
Mumina HiSeq XTen (Illumina, USA) platform. Variants with a
minor allele frequency higher than 1% were filtered out. All identified
variants were annotated using Genome Aggregation Database
(gnomAD), 1000 Genomes Project (Chinese), dbSNP, and ExAC
database. The candidate variants were further validated by Sanger
sequencing and the pathogenicity of variants was evaluated according
to the American College of Medical Genetics and Genomics
(ACMG) criteria.

Copy number variation calling

Copy number variations detection and annotation: We use
CANOE, CNVnator, DeviCNV, and ExomeDepth to detect CNVs
from WES data, and all CNVs were annotated to obtain additional
information about the population frequencies and possible effects.
The population frequencies for CNVs were obtained from Database
of Genomic Variants (DGV). To assess the inclusion of any
established dosage-sensitive genes or regions and the possible impact
on gene function, each CNV was evaluated against a select set
of haploinsufficient and triplosensitive genes and genomic regions
obtained from ClinGen and Database of Chromosomal Imbalance
and Phenotype in Humans Using Ensembl Resource (DECIPHER).

Exon CNV analysis
The primer pair sequences are shown in Supplementary Table 1.

Samples for quantitative real-time PCR(PT-qPCR) were assayed
using the Takara SYBR Green with ALB genomic content used as

FIGURE 1

The echocardiogram demonstrated the thickening of the myocardium (the red arrows showed the hypertrophic interventricular septum and posterior

wall of the left ventricle).
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(A) Pedigree of the family reported in the present study. The arrow depicts the proband. The circles correspond to the women. The squares indicate the
men. (B) Direct sequencing showing the novel missense variant c.1081T > A of the MIPEP gene. (C) The mtDNA copy numbers in healthy controls (n = 3)
and the proband. A notable reduction in the mtDNA level was noted in the proband (NC, normal control, **P < 0.01). (D) Structural visualization of the
identified MIPEP missense alteration using Alpha Fold structure of the human MIPEP as a template (Identifier:AF-Q99797-F1). The variant site and the
relevant residues were shown as sticks (the variant site is shown in magenta and the relevant residues are shown in aquamarine). The yellow dotted line
represents the H-bond that connects the variant site with the residues. (E) Alignment of MIPEP orthologs in different species around the mutated amino
acids residues. Hs, Homo sapiens; Pt, Pan troglodytes; Mm, Macaca mulatta; Bt, Bos taurus, Rn, Rattus norvegicus, Gg, Gallus gallus,; Sc, Saccharomyces
cerevisiae S288C, Sp, Schizosaccharomyces pombe. (F) MIPEP gene exons RT-gPCR analysis showed a heterozygous loss of exons 1, 10, and 19 in the

proband and his mother.

an endogenous control for normalization of the data. The relative
MIPEP gene expression was measured by subtracting the Ct values
of the three exons (E1, E10, and E19) from the ALB gene, using the
27 AAC method.

Mitochondrial DNA (mtDNA) copy number
assay

The genomic DNA was isolated from the whole blood of the
proband and 3 normal controls, respectively. Then, the mean mtDNA
copy number was determined by RT-qPCR using SYBR Green Real-
Time PCR Master Mix (Takara, Japan) in a 10 pl reaction volume,
including 1.6 pl of primers, 1.0 pl of DNA, 5 pl of 2 x Taq
Master Mix (Vazyme Biotech Co., Ltd., Nanjing, China), and 2.4 pl
of ddH,O. According to the instructions, the amplification cycles
were as follows: 95°C for 30 s followed by 40 cycles of 95°C
for 55, 60°C for 30 s and 72°C for 30 s. The melt curve stage

Frontiers in Cardiovascular Medicine

includes 95°C for 10 s, 65°C for 5 s. By comparing the levels of
mitochondrial DNA copy number (MT-ND2) versus nuclear DNA
(18S), the relative levels of mtDNA copy numbers were assessed.
Analyses were done in triplicates.

Results

Clinical presentation

The patient was an 8-month-old male, the only child of
healthy unrelated Chinese parents, born full-term after normal
pregnancy and delivery. He was admitted due to light coma
and poor response to external stimuli. His vital signs were as
follows: body temperature, 37°C; heart rate, 180/min; respiratory
rate, 45/min; and blood pressure, 75/45 mmHg. He presented
with respiratory distress associated with severe lactic acidemia
(lactate, 17.7 mmol/L; pH, 7.138), requiring mechanical ventilation.
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TABLE 1 The MIPEP gene variants in six unrelated patients from six unrelated families.

References

10.3389/fcvm.2022.1095882

This case Eldomery Eldome Eldome Eldome P netal.
etal. (9) etal. (9) etal. (9) etal. (9) (1
P1 P2 P3 P4 P5 P6

Patient ID
Age of onset 8M 5.5M 11M 5M At birth 8M
Variants p.Y36IN; p.L582R; p.L306F; p.K343E p.H512D; p.L306F;
loss1 (Exon:1-19) p.L71Q p.E602* 1.4-Mb deletion p.A658Kfs*38
History of pregnancy | N N N 36 weeks gestation 33 weeks gestation N
and delivery due to preterm labor due to maternal
preeclampsia and
fetal decelerations
Family history The farther with a A paternal uncle with | An older brother had | The parents are His sister presented N
history of a history of cataracts and first-degree cousins with
tuberculous pleurisy supra-ventricular infantile spasms and cardiomyopathy in
tachycardia and died unexpectedly at the immediate
maternal great-aunt 14 months of age of postnatal period and
with early myocardial | unknown cause subsequently expired
infarction (29 years of by 16 days of life
age)
Electrocardiogram N Wolf-Parkinson- N U U N
White
syndrome
Echocardiography HCM LVNC LVNC and DCM HCM HCM N
Lactic acid (mmol/L) 17.7 32 U 11.1 8.9-10.4 2.2
Other features Short penis, the Wide mouth and Cataract, hypotonia, Long philtrum, Deep-set eyes, Developmental
testicles did not bulbous nasal tip, developmental delay opisthotonus and anteverted nares, delay, global
descend into the tongue-thrusting, and uncontrollable severe head lag when depressed nasal hypotonia, mild
scrotum, could not hypotonia with head seizures pulled to sit, bridge, midface optic neuropathy
sit by himself and lag, abnormal microcephaly and hypoplasia, severe and mild ataxia
had significant movements and seizures micrognathia, facial
hypotonia dystonic posturing asymmetry, and an
accessory palmar
crease on the right
hand
Outcome Died at 10 months Alive at the age of 4.5 Died at 2 years old Died at 11 months Died at 19 days Alive at the age of 20
years old years old

P, patient; M, month; N, normal; U, unclear; HCM, hypertrophic cardiomyopathy; LVNC, left ventricular non-compaction; DCM, dilated cardiomyopathy.

His psychomotor development was delayed, and he could not
sit unaided at 8 months due to global hypotonia. Notably, he
had a short penis and undescended testicles. Echocardiography
revealed the features suggesting HCM (Figure 1). Specifically, the
posterior left ventricle wall was slightly thickened (6 mm) and the
interventricular septum was primarily thickened (13.2 mm) (Z-
scores were 3.29 and 21.83, respectively),! with mild left ventricular
systolic dysfunction (left ventricular ejection fraction, 50%), there was
minimal pericardial effusion with no abnormal valve morphology or
motion. Brain magnetic resonance imaging showed abnormal signals
on the bilateral thalamus and dorsal brainstem, strongly suggesting
metabolic encephalopathy or inflammation. Furthermore, laboratory
examinations showed markedly elevated plasma B-type natriuretic
peptide (BNP) (2,613 pg/ml; upper limit of normal, 100 pg/ml) and
slightly elevated liver enzyme levels [alanine transaminase (ALT),
121 U/L (reference, 0-41 U/L); aspartate transaminase (AST),105 U/L
(reference,15-40 U/L)]. Urine creatinine and electrolyte levels were
within normal ranges. Blood tests for genetic metabolic diseases
revealed an abnormal increase in multiple acylcarnitine and 3-
hydroxybutyrate levels. MD was then considered, and the patient

1 http://zscore.chboston.org
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was treated with high doses of coenzyme Q10, L-carnitine, vitamin B
complex, etc. His blood PH value ultimately recovered to normal after
a series of therapies, but lactic acid levels remained extraordinarily
high (8-9 mmol/L). Finally, the boy’s condition worsened and died
2 months after admission. All his family members had no similar
conditions.

Genetic analysis

Genetic analysis revealed that the proband had two compound-
heterozygous variants in MIPEP (NM_005932): a hemizygous
variant c.1081T > A (p. Tyr361Asn) and a 1.12-Mb deletion
(chr13:23777833-24895906) containing the entire gene (Figures 2A,
B), neither of which has been previously reported.

The mtDNA content and alterations were associated with
OXPHOS complex deficiency-related disease, which are the
biomarker of mitochondrial function and may reflect the degree of
mtDNA damage (14). We examined the mtDNA copy number from
whole blood samples to indirectly estimate the function of MIPEP
variants. And the result showed that the relative ratio of mtDNA
copy number of the proband was significantly decreased by 71.5%,
compared to that in the healthy controls (p < 0.001; Figure 2C).
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Discussion

Here we reported a rare case with infantile-onset progressive
cardiomyopathy and lactic acidosis. Genetic analysis identified a
paternal missense variant c.1081T > A (p. Tyr361Asn) and a
maternal hemizygous whole deletion (Ex1_19 del) in MIPEP, neither
of which has been reported previously.

The ¢.1081T > A [p. (Tyr361Asn)] variant, absent from controls
(1,000 Genomes, ExAC, gnomAD, and CNGB) (PM2), which was
a missense variant in MIPEP involving a tyrosine-to-asparagine
substitution at position 361. PolyPhen2, Mutation Taster and
Provean predicted it as probably damaging, disease causing, and
deleterious, respectively (PP3). According to ACMG, ¢.1081T > A (p.
Tyr361Asn) was classified as a variant of uncertain significance (VUS)
(PM2 + PP3). But the three-dimensional MIP molecular model
showed this variant breaking its connection with aspartate at position
261 by H-bond, which destroyed the spatial structure of the protein
(Figure 2D). Protein alignments also revealed the variant affected
an amino acid highly conserved among species (Figure 2E). WES
revealed that the patient and his mother may have a gene deletion
(chr13:23777833-24895906), which involved eight genes (MIPEP,
SGCG, SACS, TNFRSF19, SPATA13, CIQTNF9, CIQTNF9B-ASI and
CIQTNF9B). Copy number analysis of three representative exons
(E1, E10 and E19) was performed by RT-qPCR (Figure 2F) to
verify the deletion detected by WES, and the results confirmed that
the patient and his mother harbored the heterozygous deletion in
MIPEP which was absent from controls (1000 Genomes, ExAC,
gnomAD, and CNGB) (PM2). The deletion could have reduced MIP
protein expression (PVS1), and it was classified as likely pathogenic
(PVS1 + PM2) based on ACMG criteria. Moreover, the mtDNA copy
number of the proband was significantly reduction comparing to
that of healthy controls, suggesting that MIPEP may play a crucial
role in regulating mitochondrial function. No variants in other MDs-
related genes, such as ACADY, GTPBP3, NDUFV1, NCOA6, MMUT,
and KARSI, and the mtDNA were found in the proband. Therefore,
the two variants were thought to cause the disease (15, 16).

To date, MIPEP variants have not been reported in Chinese
patients. Only seven MIPEP variants in five patients have been
reported worldwide, including five missense variants (p.Leu582Arg,
p-Leu71GIln, p.Leu306Phe, p.Lys343Glu, p.His512Asp), one
frameshift variant (p.Ala658Lysfs*38) and one deletion variant
(1.4-Mb deletion, including the entire gene) (9, 10), all of which
were inherited from their parents, following an autosomal recessive
inheritance pattern. Four patients showed significant cardiac
manifestations: 1 LVNC, 2 HCM, and 1 LVNC combined with DCM.
Among them, three patients (75%) succumbed to progressive cardiac
failure or sudden cardiac death before 2 years of age. Nevertheless,
the patient with no cardiac symptoms who survived for more than
20 years (9, 10). Compared to the previous reports, the proband
we reported had similar clinical presentations, such as cardiac
abnormality, developmental delay, significant hypotonia, and lactic
acidosis. Due to worsening condition even despite cocktail therapy,
our patient died after 2 months treatment. The genetic and clinical
information of all the patients are summarized in Table 1. These
cases improved our awareness of COXPD31, and early recognition
of MCM is essential to avoid heart failure and sudden cardiac death.
Furthermore, identification of this severe early-onset condition
expands the phenotypic spectrum associated with loss of MIP
function, such as cardiomyopathy and other systemic impairments.
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Nowadays, most treatments for MCM could support and improve
the quality of life to some extent. However, identifying an effective
treatment modality remains difficult, owing to the heterogeneity of
the disease.

Conclusion

We are the first to report a rare case of an 8-month-old boy in
China with MIPEP variations who presented with HCM, severe lactic
acidosis, and hypotonia. Genetic analysis revealed novel compound
heterozygous variants ¢.1081T > A [p. (Tyr361Asn)] and a whole
deletion (Ex1_19 del) in the MIPEP gene. Our findings expand
the genetic spectrum of MIPEP-linked mitochondrial disease, and
highlight the importance of an interrelationship between clinical and
research for the identification of disease-associated genes.
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Case report: Right atrial
appendage hybrid access to
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inferior vena cava of a small

child
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A three-month-old baby boy (5. 4Kg) with pulmonary atresia, subaortic
ventricular septal defect (VSD), and patent ductus arteriosus (PDA) was
sent for ductal stenting from the femoral vein. The route to the PDA was
extremely tortuous and the procedure was complicated with a stent stuck
in the abdominal inferior vena cava (IVC). Transfemoral stent recapture was
technically laborious and the stent was successfully recaptured across a
10-Fr right atrial appendage (RAA) hybrid access avoiding a cardiopulmonary
bypass (CBP). The PDA was subsequently stented for the femoral artery with
satisfactory clinical outcomes.

KEYWORDS

ductal stenting, inferior vena cava, patent ductus arteriosus, single ventricle, strutted
stent

Introduction

The integrity and configuration of the stents can be easily disrupted with
harsh manipulations making percutaneous interventions difficult and technically more
complex. Strutted stents within the vessels are challenging scenarios for interventional
cardiologists and can be associated with serious adverse events such as embolism,
disintegration of the surrounding tissue, and vascular trauma (1, 2). There are currently
no protocols for recapturing embolized strutted stents using percutaneous methods.
Herein, we report and describe the use of the right atrial appendage (RAA) hybrid access
as a bailout to safely remove a strutted stent from the abdominal inferior vena cava (IVC)
of a small three-month-old baby boy.
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Case illustration

A three-month-old boy (5.4Kg) with severe cyanosis
and diagnosed with type-II pulmonary atresia, subaortic 6.5
mm-large ventricular septal defect (VSD), and patent ductus
arteriosus (PDA) with the saturation of only 40% was sent
for femoral transvenous ductal stenting (DS). The case was
discussed in a multidisciplinary meeting and DS was found
more reasonable than surgical valvulotomy (Figure 1). From
the right femoral vein, a 4-Fr 3.5 Judkins Right catheter was
cannulated up to the PDA across the VSD. The PDA was pre-
dilated with a 3.0 x 20 mm coronary balloon that was inflated
to 6 atm (Figure 2A). A 0.035” soft exchange wire was then
positioned in the right pulmonary artery and a (6.0 x 38 mm)
Dynamic vascular stent was delivered into position using the
naked technique. It was technically impossible to push the stent
inside the PDA because of the complex angulation (Figure 2B).
The stent got stuck in the IVC upon retrieval (Figure 2C). We
tried to push and pull the stent to verify that the stent is still
on its wire track. Caval angiography was done to verify that the
IVC was not damaged (Figure 2D). An urgent multidisciplinary
decision was taken to remove the stent in the cath lab using
a 10-Fr RAA hybrid access without cardiopulmonary bypass
(CPB) support. The recapture of the stent was uneventfully
performed using a 20 mm gooseneck snare (Figures 2E-G) and
DS was successfully performed from the femoral artery with
a (4.0 x 30 mm) Resolute Integrity stent that was inflated at
20 atm for 6s (Figure 2H). Control angiography showed that
the stent migrated toward the distal right pulmonary artery
(Figures 2H, I). We decided to position a second stent because
the PDA was not entirely covered. However, due to the complex
PDA anatomy, it was technically difficult to overlap the first
stent. We decided to abort our procedure since the PDA did
not close at 3 months of age and the oxygen saturation had
already risen to 94% (see Figure 2]). There were no vascular
access complications. The follow-up was clinically satisfactory
and the patient underwent Rastelli surgery age at 11 months with
good outcomes.

Discussions

Ductal stenting in critical congenital
heart disease

The DS procedure is an essential cornerstone in the
interventional treatment of newborns with pulmonary flow
duct-dependent circulation (3). A 0.014 coronary wire with a
radio-opaque tip was used to determine the size of the stent
where the length of the lesion was compared to the wire’s tip.
In this small patient, we chose the naked method and the more
complex transvenous approach to first implant a larger stent
and second avoid the potential injuries on the femoral artery
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FIGURE 1

Ductal angiography showing the restricted pulmonary ductal
(orange arrowhead) end and the absence of connection
between the branch pulmonary arteries and the pulmonary
artery trunk.

and acute limb ischemia (4). At the time of the intervention,
we had no prior experience with the more direct approach from
the carotid or axillary arteries through which a 5 or even a 6-Fr
sheath can be safely used even in small kids (5). As the distal
part of the PDA was constricted, we also performed balloon
dilatation to assure the safety of the stent implantation (6).

Strutted stents in the abdominal inferior
vena cava: Troubleshooting tactics

When we tried to retrieve the stent, the stent got stuck
and strutted in the IVC. The stiffness of the Dynamic Vascular
Stent and the rough maneuvering in the complex ductal loop
may be to blame. Previous studies showed that coronary stent
implantation in proximal segments of coronary arteries rather
than distal ones may lead to dislodgement (7, 8). Its incidence
ranges from 0.3 to 8% due to pre-mounting technologies and
modern equipment (9). A limited number of reports described
emergency surgical stent retrieval for entrapped coronary stents
(8, 10). The majority of these cases are brought on by a
balloon-stripped undeployed stent. This mechanism usually
occurs due to constricted PDA, angulated lesions, short small
stents, unexpanded stents, and manual handling of stents (11).
The retrieving methods can be performed percutaneously,
surgically, or a combination of both, which we used in this
case. Percutaneous retrieval methods should be preferred if
the patients vital signs and clinical status are stable. Several
retrieval methods are defined, including biliary forceps, twisted
guide wires, multipurpose baskets, snares, and the small-balloon
technique (12).

Extracting the stent through the RAA is a safe hybrid
alternative but can be considered logistically challenging and
there is a possibility of grazing the tricuspid valve, coronary
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X1 Distance: 208mm

FIGURE 2

Stucked stent retrival strategy from the inferior vena cava and transarterial restenting the ductus arteriosus. (A) Ductal pre-dilation with an
Ikazuchi coronary balloon 3.0 x 20 mm. (B) Failure to deliver the Dynamic vascular stent within the ductus arteriosus. (C) The stent strutted in the
inferior vena cava (green arrowhead). (D) Caval angiography showing no vascular trauma. (E—G) Stent Evacuated through right atrial appendage
hybrid access with 20 mm gooseneck snare. (H, 1) Transarterial ductal restenting with Resolute Integrity 4.0 x 30 mm stent (red arrowhead). (J)
Post-stenting ductal angiography.
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sinus, and other surrounding structures (13). In this case, we
tried to retrieve the stent by using a 90-gooseneck snaring system
across an RAA hybrid access (13, 14). We decided to snare the
stent through RAA access because transfemoral snaring would
have certainly damaged the IVC or the femoral vein. Open
abdominal surgery through the IVC was considered risky as air
embolism can be detrimental in this case with an intracardiac
shunt. Due to the IVC profundal location, surgical access to
the clamp is also considered anatomically impossible with bad
exposure to form purse-string sutures. Finally, the stent could
be compressed and clamped when it is within the RAA, and
damaged parts of the RAA could be surgically removed.

Conclusions

Strutted stent entrapment is a rare but serious complication
of transcatheter stenting interventions. Hybrid access across
the RAA can be a safe and effective bailout solution to
retrieve a trapped stent from the IVC without cardiopulmonary
bypass support.
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Background: Turner syndrome is a rare systemic disease and a significant proportion
of these patients experience aortic coarctation. Selection of optimal therapy for aortic
coarctation in patients with Turner syndrome is difficult due to the pathologic change
of the systemic vessel.

Case presentation: We report one successful case of covered stent implantation for
the treatment of severe native coarctation of the aorta in a 15-year-old patient with
Turner syndrome weighing 36 kg. A covered stent was implanted in this patient.
After the stent implantation, the peak systolic pressure gradient immediately
decreased from 48 mmHg to 14 mmHg. The aortic diameter at the coarctation site
increased from 3 mm to 10 mm after stenting. A femoral arterial complication
occurred in this case, and we stabilized the situation finally.

Results: During a follow-up of 3 years, no restenosis of aortic coarctation was
observed and the patient no longer experienced hypertension. The dissection of
the right femoral artery remained stable.

Conclusion: A covered stent implantation for severe aortic coarctation in patients with
Turner syndrome could be safe and effective. However, caution should be taken when
using the technique to prevent complications.

KEYWORDS

aortic coarctation, Turner syndrome, stent implantation, covered stent, complications

Background

Although stent implantation for the treatment of native coarctation of the aorta (CoA) has
been widely reported in older children, adolescents, and adults, limited data exist on the results
in patients with Turner syndrome (1). We report one case of a covered Cheatam-platinum stent
implantation in severe aortic coarctation in a patient with Turner syndrome. Although a femoral
arterial complication occurred in this case, we finally stabilized the situation. During a follow-up
of 3 years, the patient remained asymptomatic and normotensive, and the dissection of the right
femoral artery remained stable.

Case presentation

A 15-year-old female patient was admitted to our hospital with a 12-year history of short
stature and growth retardation. A physical examination on admission revealed that the weight
and height of the patient was 36 kg and 1.37 m, respectively; both were less than three
standard deviations of the same age. Special facial features of the patient were noted,
including prominent posteriorly rotated auricles with looped helices, infraorbital skin creases,
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FIGURE 1
Karyotype analysis showing a pure 45, X karyotype

and a mildly foreshortened mandible. Other characteristic signs,
including a webbed neck, low posterior hairline, and lack of breast
development, were also found. The cuff blood pressure in both
arms was 160/100 mmHg, and in both legs 110/80 mmHg. A
cardiac examination demonstrated a grade 2/6 systolic ejection
murmur in the second and third left intercostal spaces radiating to
the suprasternal fossa and back. The chest x-ray was unremarkable.
An ECG indicated cardiac hypertrophy and an echocardiography
examination revealed a severe native aortic coarctation with a peak
pressure gradient of 60 mmHg by Doppler image. The aortic valve
was normal, and no signs of bicuspid aortic valve, aortic root
dilatation, and dissection were echo. Renal

found by

ultrasonography was normal, but no obvious uterine and ovarian

10.3389/fped.2022.1041728

structures were found using gynecological ultrasonography. In view
of these findings, a karyotype analysis was performed, and the
result was a complete loss of the second X chromosome, revealing
she had a pure 45, X karyotype (Figure 1). Based on these
examination results, the patient was diagnosed with Turner
syndrome with a severe native aortic coarctation.

Further evaluations and examinations for cardiac malformation
were performed. A CT scan showed a severe aortic coarctation just
beyond the origin of the left subclavian artery (LSCA) (Figure 2A).
At cardiac catheterization, under general anesthesia, the ascending
aortic pressure was 138/85 mmHg and the descending aortic pressure
was 90/72 mmHg. A descending aortogram confirmed a discrete
lesion with a shelf-like in-folding and minimum diameter of 3 mm.

Due to the congenital dysplasia of the aortic wall and inherent vessel
weakness in patients with Turner syndrome, and considering this was a
case of severe aortic coarctation with the narrowest lesion being only 3
mm, we held a multidisciplinary team meeting for the case with
surgeons and other colleagues to determine the appropriate choice of
treatment. Finally, the interventional therapy of a covered stent
implantation was considered to be suitable for this patient.

Interventions and results

After obtaining informed consent from the guardians, CoA
stenting for the patient was performed very cautiously. Femoral
arteriography showed that the diameters of both femoral arteries
were similar, so we routinely picked the right femoral artery as the
vessel access for stenting. The diameter of the aortic arch, thoracic
aorta at the subclavian artery proximal to the coarctation site, and
descending aorta at the level of the diaphragm were 11.0 mm,

FIGURE 2

Computed tomography scan showing: (A) prior to stenting, (B) 3 years after stenting
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FIGURE 3

Lateral view, descending aortograms: (A) prior to stenting, (B) immediately after stenting

11.8 mm, and 12.0 mm, respectively (Figure 3A). Therefore, we
planned to expand the narrowest place to about 10 mm, which was
not more than three times the diameter of the narrowest place and
the diameter of the aortic arch, referring to the experiences and
rules of stent implantation for severe CoA in the literature. A
(NuMED,
Hopkinton, NY, USA) mounted on a balloon in balloon catheter
(NuMED), with a diameter of 12 mm and length of 25 mm, was
implanted across the lesion through a 12-F delivery sheath. After

22-mm-long  covered  Cheatam-platinum  stent

stenting, the ascending aortic and descending aortic systolic
pressure was 115 and 101 mmHg, respectively; the pressure
gradient across the lesion decreased to 14 mmHg and a repeated
descending aortogram showed that the diameter of the CoA
increased to 10 mm, without angiographic evidence of an acute
aneurysm formation (Figure 3B). However, 3 days after stenting, a
CT scan showed a dissection of the right femoral artery

(Figure 4A). Therapy with antihypertensive drugs and pain
medication was initiated and the patient’s condition stabilized. The
case was discussed with colleagues from the department of vascular
surgery. It was judged whether a stent implantation in the femoral
artery would be a suitable treatment if the patient’s condition
deteriorated. Fortunately, during the next 2 weeks, the false lumen
of the vessel did not widen further and perfusion of the right lower
limb remained normal.

At a clinical follow-up visit 3 years after the stent implantation,
the patient remained asymptomatic and normotensive, with a
10 mmHg gradient between upper and lower extremity blood
pressures and a Doppler peak instantaneous gradient across the
CoA of 15 mmHg by echocardiography. There was no evidence of
aortic complications (Figure 2B) on CT scan and the dissection of
the right femoral artery remained stable (Figure 4B). No signs of
ischemia of the blood flow to the arterial side branches supplying

FIGURE 4

Computed tomography scan showing dissection of the right femoral artery: (A) 3 days after stenting, (B) 3 years after stenting.
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the spinal cord and the left common carotid artery were observed
during the follow-up.

Discussion

Turner syndrome occurs in about 1 of 2,500-3,000 live female
births, and approximately one-third of these patients experience a
cardiovascular malformation. It is reported that 75% of these
lesions have been a CoA or a bicuspid aortic valve with or without
stenosis (2, 3). General treatment options for a native CoA have
surgery,
depending on the age and weight of the patients, morphology and

been balloon angioplasty, and stent implantation,
anatomy of the obstructive vascular lesion, and the local medical
technology.

Surgical repair is the traditional management for CoA and the
first choice of treatment in neonates and infants aged less than 3
months. Surgery also remains the only treatment option when
transcatheter therapies fail. However, in 1984, it was already noted
that surgery for aortic coarctation carries greater risks in patients
with Turner syndrome (4). Zanjani et al. (5) summarized that the
operative mortality and aortic wall injury (dissection, aneurysm
formation) rates were 11% and 30%, respectively, after surgical
repair of CoA in patients with Turner syndrome, which were
obviously higher than those in genetically normal patients and also
the highest among the above three treatment methods. Due to the
inherent vessel wall weakness, namely cystic medial necrosis of the
aortic wall, surgical repair may not be an ideal treatment option
for a CoA in patients with Turner syndrome.

Balloon angioplasty has become an alternative treatment strategy
for native and recurrent coarctation after surgery for many decades,
with a good success rate and safety profile (6). Zanjani et al. (5)
reported that balloon dilatation of CoA in patients with Turner
syndrome carried the lowest mortality and risks of aortic wall
injury among the three treatment options, which were 0% and 2%,
respectively. Although balloon dilatation of CoA has excellent
short-term results in patients with Turner syndrome (7), a high
rate of restenosis after balloon angioplasty (8) and potential
complications, including aortic dissection, aortic rupture, and
aneurysm formation (9), have generated controversy regarding its
use. Furthermore, it may result in a structurally weakened area
instead of reconstructing normal vessel wall histology after balloon
angioplasty (10), which could be the pathologic basis for the
formulation of aneurysms and vessel recoil, which can lead to a
recurrent lesion.

In past decades, endovascular stenting has been a safe and
effective alternative treatment strategy to surgery or angioplasty in
children and adults (11, 12). The mortality and aortic wall injury
rates after CoA stenting in patients with Turner syndrome were
reported as 6.6% and 20%, respectively (4), clearly lower than
surgical repair. Stenting has theoretical advantages over balloon
angioplasty: it not only prevents vessel recoil and maintains the
effect of stent dilation, but also reduces the risk of aneurysm
formation by preventing excessive dilation of the blood vessels
(10). Still, aortic dissection after the stenting for native CoA has
been noted (13). Fejzic et al. (9) reported a case of a bare metal
stent implantation in a teenage patient with Turner syndrome; fetal
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aortic dissection occurred after a second procedure to redilate the
stent. The patient’s mother had previously died, also due to a
dissection of the ascending aorta. A histological examination of the
mother’s aortic tissue showed fragmentation of elastic fibers and
cystic medial necrosis. Further genetic study of the DNA
examination demonstrated evidence of a mutation in the fibrillin-1
gene, similar to the changes found in Marfan syndrome. Shahri
et al. (14) reported an aortic dissection occurred in nine patients
who had received stent implantation therapy. Due to this inherent
vessel wall weakness (15), use of a covered stent may be an
advisable alternative treatment option in the setting of Turner
syndrome. Covered stents can not only reduce the degree of
traumatic injury to the aortic wall but also cover the injured wall
in the stented area, which is especially appropriate and safe when
there has already been aneurysm formation. In addition, as the
pediatric patient grows older and develops physically, restenosis
may occur at the primary CoA. In view of the above
considerations, we selected a covered stent for this case. On the
one hand, the covered stent could protect the blood vessel better
and reduce the risk of complications, which is particularly
meaningful to the vascular situation of patients with Turner
syndrome. On the other hand, if restenosis occurs in the patient

during follow-up, a second procedure to redilate the stent could be

applied.

The most common significant complications of stent
implantation ~were aneurysm formation, aortic dissection,
cerebrovascular accident, and femoral access vessel injury.

Additional concerns regarding the use of covered stents focus on
the potential compromise of blood flow to the arterial side
branches, especially those supplying the spinal cord, the head, and
left upper limb, which may cause severe ischemia. In our case,
the site of the CoA was just beyond the origin of the LSCA. As the
stent was positioned to cover the CoA site, it would cross
the LSCA but did not affect the blood flow to the spinal cord and
the left common carotid artery. A CT angiography scan before the
procedure confirmed the side branches supply the LSCA by the
cerebral artery ring. With regard to femoral access vessel injury,
however, it would be another serious complication after arterial
catheter interventions. Shahri et al. (14) also reported that a
dissection occurred in the external femoral artery among the nine
patients after stenting. During the stent implantation of the native
CoA, the diameter of the balloon is chosen to be equal to that of
the normal aorta (usually in the transverse arch) and not greater
than the diameter of the aorta at the diaphragm. The diameter of
the delivery sheath should be 2 F larger than the balloon, and it is
difficult to crimp over a balloon with a diameter less than 8-9 F
(16). In our case, the size of the delivery sheath wasl2 F, which
may be somewhat related to the occurrence of the femoral artery
complication. Turner syndrome is a systemic disease, similar to
Marfan syndrome, and the pathologic change of cystic medial
necrosis would affect the blood vessels in the whole body. Femoral
arteriography of both femoral arteries, to pick up the appropriate
vessel access for stenting and to choose a smaller delivery sheath as
far as possible during the procedure, is beneficial to reduce the risk
of femoral artery complications.

Selecting the optimal therapy for CoA in patients with Turner
syndrome is difficult due to the pathologic change of systemic
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vessel cystic medial necrosis. Although interventional treatment for
CoA is a common treatment method and widely used in clinical
practice nowadays, there are still limited data about the optimal
choice for treatment, especially in patients with Turner syndrome.
As we know, interventional therapy for severe aortic coarctation is
challenging and somewhat difficult in clinical practice, especially
when the pediatric patient has Turner syndrome. It not only
increases the difficulty of the procedure itself, but also raises the
risk of the operation, due to the inherent abnormality and
weakness of the vascular wall. Taking into account the cases
reported so far, stent implantation is not inferior to the other
treatment methods with regard to mortality and vessel wall injury
rates (5). Van den Hoven et al. (17) reported that adverse
outcomes, such as aortic dissections, could occur in CoA in
patients with Turner syndrome. However, there were only nine
pediatric patients, and some adverse outcomes of cases were
proved not to be related with the transcatheter procedure itself and
no procedural complications were observed. A covered stent would
be an interventional choice in the appropriate patient. Still, caution
should be taken when using the technique and a larger population
of pediatric patients is needed.

In conclusion, we presented a case of a successful covered stent
implantation for the treatment of severe native CoA in a
pediatric patient with Turner syndrome, with encouraging early
and mid-term results, although not with a perfect outcome
because of the femoral artery complication. A covered stent
implantation could provide an alternative therapeutic option
and could be safe and effective. However, vascular complications
or adverse cardiac events may occur during the procedure and
these should be handled cautiously. In addition, lifelong
cardiovascular monitoring and follow-up for Turner syndrome
is essential (1).
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Introduction: Many endocrine diseases, such as neuroblastoma (NB), can be linked
with acquired cardiomyopathy and heart failure. Neuroblastoma’'s cardiovascular
manifestations are typically hypertension, electrocardiogram (ECG) changes, and
conduction disturbances.

Case Presentation: A 5-year-old 8-month-old girl was admitted to the hospital with
ventricular hypertrophy and hypertension (HT) and heart failure. She had no previous
history of HT. On color doppler echocardiography, the left atrium and left ventricle
were enlarged. The left ventricular ejection fraction (EF) was as low as 40%, and the
ventricular septum and left ventricular free wall were thickened. The internal
diameters of both coronary arteries were widened. Abdominal computed
tomography scan (CT) demonstrated an 8.7cm x7.1cm X 9.5 cm tumor behind the
left peritoneum. In urine catecholamines analysis, free-norepinephrine (f-NE), free-
dopamine (f-DA), free-normetanephrine (f-NMN), free-3-methoxytyramine (f-3MT),
vanillylmandelic acid (VMA), and homovanillic acid (HVA) levels were all greater than
the normal range for 24 h except free-metanephrine (f-MN) and free-epinephrine
(f-E). Based on these findings, we diagnosed her as NB complicated by
catecholamine cardiomyopathy manifested by hypertrophic cardiomyopathy (HCM).
Oral metoprolol, spironolactone, captopril and amlodipine furosemide, and
intravenously injected sodium nitroprusside and phentolamine were employed for
treating HT. After the tumor resection, the blood pressure (BP) and urinary
catecholamine levels were all restored. After a follow-up of 7 months,
echocardiography indicated normalization of ventricular hypertrophy and function.
Conclusion: This is a rare report showing catecholamine cardiomyopathy in NB
children. Tumor resection leads to a return to normal of the catecholamine
cardiomyopathy manifested as HCM.

KEYWORDS

catecholamine cardiomyopathy, neuroblastoma, children, hypertrophic cardiomyopathy,

hypertension

Introduction

Catecholamine-induced cardiomyopathy (CICMP), a rare, devastating, and difficult-to-treat
complication of phaeochromocytoma-paraganglioma (PPGL), is common in pheochromocytoma
(1), but uncommon in neuroblastoma (NB). PPGL is a catecholamine-producing neuroendocrine
tumor arising from extra-adrenal pheochromocytoma in 80%-85% of the adrenal glands or the
rest of the autonomic ganglia (2).
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NB is one of the most common solid tumors in early childhood
accounting for approximately 8% to 10% of all childhood
malignancies (3). The prevalence is 11-13 per million children
under 15 years of age, 65 per million children under 1 year of age,
and 1 per million children between 10 and 14 years of age (4-6).
The median age for diagnosis is 18 months, and 90% of which
occurs in children under the age of 10 years (7). The location, size,
invasion of the tumor, impact of catecholamine release, and
symptoms brought on by the paraneoplastic syndrome are the
primary determinants of clinical presentations (8). HT occurs in
approximately 10% of patients with NB due to extension of the
renal pedicle, compression of the renal parenchyma, catecholamine
secretion, or activation of the renin-angiotensin system (9).
Elevated levels of catecholamine metabolites can be found in 95%
of NB patients,
catecholamines (dopamine [DA], epinephrine [E], norepinephrine

and used for the diagnosis, including

TABLE 1 Laboratory data on admission in this subject.

10.3389/fped.2023.1063795

[NE]), metanephrines (3-methoxytyramine [3-MT], metanephrine
[MN], normetanephrine  [NME]) and phenolic acids
(vanillylmandelic acid [VMA], homo-vanillic acid [HVA]) (10-14).
VMA and HVA are most commonly analyzed in the urine of
patients with NB (15, 16).

Here, we present a case of catecholamine cardiomyopathy
manifested with HCM in NB, explain the differential diagnosis,
and clinical outcome.

Case description

A girl aged 5 years and 8 months was admitted to our hospital
with ventricular hypertrophy. The child gained and lost weight
gradually for more than a year. Five months ago, a heart murmur
was discovered during a health check, and her transthoracic

Myocardial damage markers Urine catecholamines

CK (U/L) 39 24-229 f-E (ug/L) 7.67 —
CK-MB (U/L) 391 0-25 f-NE (ug/L) 1,361.6 —
hs-cTnT (pg/ml) 22.861 0-14 f-DA (ug/L) 3,366.89 —
BNP (pg/ml) 209321 <300 £MN (ug/L) 7.25 —
Endocrinology markers £-NMN (ug/L) 365.95 -
TSH (ulU/ml) 1.37 0.34-6 f-3MT (ug/L) 462.95 —
TT3 (ng/ml) 1.03) 1.13-1.89 VMA ((ug/L) 112.19 -
TT4 (ug/dl) 9.18 4.02-13.3 HVA (ug/L) 160.39 —
FT3 (pg/ml) 3.34 1.71-4.87 24hUV (ml) 873 —
FT4 (ng/dl) 0.99 0.7-1.48 24h-f-E (ug/24 h) 6.7 0-20
Cortisol (ug/dl) 16.9 5.00-25.00 24h-f-NE (ug/24 h) 1,188.681 0-90
ACTH (pg/ml) 18.5 10.00-185.00 24h-f-DA 2,939.291 0-600
LH (mIU/ml) 0.02]) 0.07-2.77 (ug/24 h)
FSH (mIU/ml) 0.07] 0.14-5.55 24h-f-MN 6.33 0.0-42.5
Prolactin (ng/ml) 1.21]) 3.1-11.2 (ug/24 h)
Estradiol (pg/ml) <10} 10-49 24h-f-NMN 319.471 0.0-57.1
Progesterone (ng/ml) 1.21 0-0.99 (ug/24 h)
Testosterone <0.45 0.03-0.69 24h-f-3MT 404.167 0.0-63.8
(nmol/L) (ug/24 h)
HCG- (mIU/ml) <12 0-3 24h-VMA 97.941 0.0-10.0
Aldosterone (pg/ml) 515.61 98-275 (ug/24 h)
ET (pg/ml) 48.91 43.22-58.38 24h-HVA (ug/24 h) 140.021 0.0-7.5
ANP (pg/ml) 311117 50-150 Cancer markers
Ang-1I (pg/ml) 172.961 10-30 AFP (ng/ml) 2.64 0.89-8.78
CEA (ng/ml) 16.321 0-6.2

BNP, brain natriuretic peptide; hs-cTnT, high-sensitive cardiac troponin T; CK, creatine kinase; CK-MB, creatine kinase isoenzymes; TSH stands for thyroid-stimulating
hormone; TT3 stands for total triiodothyronine; TT4 stands for total thyroxine; FT3 stands for free trilodothyronine; LH stands for luteinizing hormone; FSH for follicle-
stimulating hormone; HCG for human chorionic gonadotropin; ET for endothelin; and ACTH for adrenocorticotropic hormone; LH, luteinizing hormone; FSH, follicle-
stimulating hormone; HCG-B, human chorionic gonadotropin-B; ET, endothelin; ANP, atrialnatriureticpeptide; Ang-Il, angiotensin-II; f-E, free-epinephrine; f-NE, free-
norepinephrine; f-DA, free-dopamine; f-MN, free-metanephrine; f-NMN, free-normetanephrine; f-3MT, free-3-methoxytyramine; VMA, vanillylmandelic acid; HVA,
homovanillic acid; 24 h UV, 24 h urine volume; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen.
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FIGURE 1

Blood pressure value, chest x-ray and abdominal computed tomography
(CT) scan of the patient. (A) Line chart of the patient's daily maximum
systolic and diastolic blood pressure. (B) In chest x-ray, the scattered
patches revealed increased density and right pleural effusion, and the
cardiac shadow was enlarged. (C) In the abdominal computed
tomography (CT) scan, there was a right pleural effusion and a soft
tissue density mass shadow behind the left peritoneum measuring
87cmx71cmx9.5cm, with a CT value of approximately 28-46 HU.
Internal density was varied, with calcified density shadow in certain
areas. One possibility is neuroblastoma. The pressure is on the left
kidney and spleen

echocardiography revealed left ventricular hypertrophy without
affecting the left heart’s systolic function. Thus, she was diagnosed
with nonobstructive hypertrophic cardiomyopathy (HCM), and
began treatment with nutritional therapy. About 3 days before
admission, she developed shortness of breath, decreased activity
tolerance, and an increased heart rate, with no symptoms of
cyanosis, dizziness, headache, nausea, or vomiting. She also had no
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family history of tumor, diabetes, HT, dyslipidemia, or endocrine
disorders. The child gained and lost weight gradually for more
than a year.

Her height, weight, and body mass index were 98 cm, 14 kg and
14.6 kg/m?, respectively. Blood pressure (BP), pulse rate, respiratory
frequency, and temperature were 170/135 mmHg, 130 beats/min,
47 beats/min, and 36.1°C. She had tachypnea and a dilated
suprasternal fossa. Auscultation reveals attenuated bronchovesicular
lung sounds in the right lung’s basal region. A Class III/6 systolic
murmur was heard in the 2-4 intercostal space at the left sternal
margin. The abdomen was slightly distended, and a mass was felt
in the upper abdomen’s middle and left side, 10 cm below the
xiphoid process and 2 cm below the left rib.

In myocardial markers, creatine kinase isoenzymes (CK-MB),
high-sensitive cardiac troponin T (hs-cTnT), and brain natriuretic
peptide (BNP) levels were elevated (Table 1). The ECG revealed a
rapid atrial autonomic rhythm, biventricular hypertrophy, ST-T
changes, and a prolonged QT interval (Supplementary Figure S1).
In chest x-rays and computed tomography (CT) scans revealed an
enlarged heart shadow, and the right pleural effusion [Figure 1A,
Supplementary Figure S2]. Transthoracic echocardiography
revealed that the left atrium and ventricle were both enlarged. Left
ventricular ejection fraction (EF) was about 40%, and the
ventricular septum and free wall of the left ventricle were
thickened in general. The internal diameters of the bilateral
coronary arteries were widened, with the left main coronary artery
diameter of 4.1 mm and the right main coronary artery diameter
of 3.0 mm (Figure 2A,B).

Her maximum systolic blood pressure (SBP) surpassed
160 mmHg and her maximum diastolic blood pressure (DBP)
surpassed 100mmHg for up to 10 days after admission
(Figure 1B). In relevant laboratory tests, her thyroid function,
cortisol, and adrenocorticotrophic hormone (ACTH) revealed
no abnormality. Aldosterone, atrial-natriuretic-peptide (ANP),
and angiotensin-II (Ang-II) levels all increased. Except for f-
MN and f-E, catecholamine concentrations in children’s urine
increased significantly, including f-NE, f-DA, f-NMN, f-MT,
VMA, and HVA. Her symptoms, signs, and laboratory tests
were all consistent with catecholamine cardiomyopathy
diagnosis criteria (17).

Following the abnormal physical examination of her abdomen,
we further performed an abdominal CT examination, which
indicated an 8.7 cmx7.1cmx9.5cm mass shadow with low
density behind the left peritoneum (Figure 1C). And her
carcinoembryonic antigen (CEA) level was high (Table 1). On the
12th day, the child had a retroperitoneal tumor puncture biopsy.
On the 19th day, the left retroperitoneal NB was resected. The
detailed pathological findings of biopsy (Figure 3A,B) and
resection both supported the diagnosis (Figure 3C,D). As a result,
the child was diagnosed with NB complicated by catecholamine
cardiomyopathy manifesting as HCM.

The treatment comprised anti-heart failure, anti-hypertension,
and surgical therapy. Figure 1A depicts the BP changes during the
entire treatment period. Her BP was still considerably raised six
hours after admission, and it showed no signs of lowering.
milrinone infusion and oral

Therefore, we stopped the

spironolactone tablets, and kept treating refractory hypertension
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FIGURE 2

The transthoracic echocardiography. (A,B) The transthoracic echocardiography before the tumor resection. (1) The left atrium and ventricle were both
enlarged. The ventricular septum and left ventricular free wall were generally thickened. The thicker left ventricular free wall was situated in the middle of
the lateral wall, measuring about 14 mm in thickness, while the thicker ventricular septum was situated in the basal segment of the anterior septum,
measuring about 12 mm in thickness. The estimated ejection fraction (EF) was about 40%. (2) Both of the bilateral coronary arteries' internal diameters
were increased, with the left main coronary artery’'s diameter measuring 4.1 mm and the right main coronary artery’'s diameter measuring 3.0 mm. (3) A
fluid dark area was observed in the pericardial cavity, 8 mm in the right ventricular sidewall and 4 mm in the apex. (C) The transthoracic echocardiography
3 months after the tumor resection. The left ventricle was mildly enlarged. The left ventricular wall was slightly thickened. The thicker left ventricular free
wall was situated in the middle of the lateral wall, measuring about 9.5 mm in thickness, while the thicker ventricular septum was situated in the basal
segment of the anterior septum, measuring about 10.6 mm in thickness. The systolic function of the left ventricle was normal. (D) The transthoracic
echocardiography 7 months after the tumor resection. The measured values of the internal diameters of each atrioventricular cavity were normal. Each

chamber wall's thickness and movement were both typical. The systolic function of the left ventricle was normal.

with the vasodilator sodium nitroprusside and the adrenergic o
blocker phentolamine for 10 days. During this period, SBP was up
to 266 mmHg and DBP was up to 159 mmHg. Amlodipine, in
combination with sodium nitroprusside and phentolamine, was
used to stabilize BP before tumor resection, followed by captopril
and sodium nitroprusside. On the 27th day, we stopped the
sodium nitroprusside, and switched to furosemide, spironolactone,
metoprolol tartrate, captopril, and amlodipine tablets for 15 days.
Then BP was sustained at 110-130/70-100 mmHg, and the values
of catecholamines in wurine were all returned to normal
(Supplementary Table S1). After a subsequent follow-up of
3 months, her transthoracic echocardiography showed that the left
ventricular wall became thinner than before, and left ventricular
systolic function returned to normal (Figure 2C). After 7 months,
her transthoracic echocardiography and hs-cTnT values were restored
(Figure 2D). This implied that the catecholamine cardiomyopathy

induced severe decline in heart function had been reversed.

Frontiers in Pediatrics

Discussion

This case reported on a child who had catecholamine
cardiomyopathy manifested as HCM in the retroperitoneal NB,
which was gradually reversible after tumor resection. Most of the
reported cases of cardiomyopathy were dilated cardiomyopathy
(DCM) with heart failure (18-23), but unusual in NB. HT occurs
in about 10% of NB cases (24). Left ventricular hypertrophy is
seldom associated with NB (9), and HCM like changes are even
rarer, with only 1 reported case in a 4.5-year-old child with sudden
death (25). Among the reported DCM cases, urinary catecholamine
excretion was elevated in all patients, but HT was present in only a
few patients. This proved that myocardial injury and adrenergic
receptor downregulation are caused by excessive catecholamine
production rather than HT (18-23). This case also demonstrated
that, prior to surgery, neither anti-hypertensive nor anti-heart
failure treatments were beneficial to the child’s condition. Chronic
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FIGURE 3

aorta) (2/2). No tumor cells were discovered in lymph nodes (0/1) and (0/1).

Pathological examination results. (A,B), pathology of a puncture biopsy specimen from a retroperitoneal tumor: Neuroblasts distributed in sheets were seen
against the background of nerve fibers. The morphology was compatible with developed neuroblastoma with localized calcification, and the pathological
diagnosis showed clear extrusion deformation of histiocytes. (C,D), pathology of biopsy specimen after surgical resection of tumor: (1) morphology was
consistent with neuroblastoma (differentiated) with focal calcification. (2) retroperitoneal adrenal neuroblastoma (differentiated) with focal calcification,
MKl <2%. 3) tumor tissue was found in lymph nodes (aside from renal vein) (6/7). Tumor tissue was found in lymph nodes (aside from the abdominal

catecholamine exposure can down-regulate cardiac f -adrenergic
receptors, resulting in the loss of myofibrils, which results in
(26).
contribute to the pathogenesis of cardiomyopathies, such as

cardiomyopathy and heart failure Numerous factors
catecholamine-induced vasoconstriction and coronary vasospasm,
chronic tachycardia myopathy brought on by an overactive
sympathetic nervous system, adverse adrenergic receptor
downregulation, free radical production, and encouragement of
calcium influx into the sarcolemma (2, 27).

Catecholamine excess status has been linked to the pathogenesis
of multiple cardiomyopathies, including tachycardia-associated
cardiomyopathy, HCM, DCM, and Takotsubo cardiomyopathy
(TCM) (17, 28-30). The radiography,

electrocardiography, echocardiography, and invasive cardiac studies

results of  chest
are crucial in the diagnosis of catecholamine cardiomyopathy (17).
In this case, transthoracic echocardiography revealed left atrial and
left ventricle enlargement, diffuse thickening of the interventricular
septum and left ventricular free wall, and decreased LVEF. The
chest radiograph revealed heart enlargement, ECG revealed changes
in ST-T and QT interval prolongation, and 24h urinary
catecholamine metabolites were markedly elevated. These all fit the
diagnostic criteria for catecholamine cardiomyopathy manifested as
HCM. Echocardiography results confirm the distinction between
DCM and HCM, with the former exhibiting no significant
hypertrophy. Both HCM and DCM can progress to heart failure in
the later stages of the disease, which manifests as tachypnea,

Frontiers in Pediatrics

dyspnea, hyperhidrosis, decreased activity tolerance, pulmonary
edema, and reduced EF. As a result, this child began with
ventricular hypertrophy and hypertension and progressed to heart
failure, which also coincided with the points.

DCM and HCM are treated differently. Angiotensin converting
enzyme inhibitors (ACEI), diuretics, digoxin, and nutritional agents
have been used in all reported cases of DCM. However, as the loss
of left ventricular volume may exacerbate the development of
ventricular gradient, diuretics and digoxin should be avoided in
HCM. Beta blockers and calcium antagonists, for example, are
drugs that promote left ventricular filling. Metoprolol used in this
case also controlled catecholamine-induced tachyarrhythmia (31).
ACEL such as captopril, exert the anti-hypertensive effect by
directly blocking angiotensin II, and also reduce the severity of
intraventricular obstruction and left ventricular hypertrophy (32).
Therefore, the level of heart failure, outflow tract obstruction, and
renal vascular compression should be taken into account while
adjusting anti-hypertensive therapy. However, for catecholamine
cardiomyopathy, the most critical treatment remains resection of
the catecholamine-secreting NB (33). One of the most important
targeted medications used to treat neuroblastoma is
anthracyclines, although studies have shown that they have
considerable cardiotoxicity (34). It should be initially avoided in
this subject. A combination of various chemotherapeutic
medications and the proper anti-hypertensive medications could

be used to treat the patient’s HT and heart failure in this
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scenario. Anthracyclines can be considered at a later stage to
maximize therapeutic effectiveness.

The child in this case developed coronary dilatation, but certain
previous research showed that the coronary usually had no major
disease (17, 35, 36). Catecholamine cardiomyopathy and coronary
artery dilatation are understudied. Large coronary arteries have a
significant proportion of « receptors mediating contraction,
whereas small coronary arteries are almost entirely equipped with
B receptors (B1 subclass) mediating relaxation (37). Acute excessive
adrenergic stimulation causes excessive stimulation of the A1
adrenergic receptor, leading to increased cardiac oxygen demand
and hypoxia in specific areas, which may contribute to coronary
artery vasospasm (38, 39). Thus, we hypothesized that this could
be related to coronary artery dilatation.

Catecholamine cardiomyopathy in NB is rare, thus early
recognition of the complication is important for diagnosis and
treatment. Cardiomyopathy may also occur in the absence of HT
due to the direct effect of catecholamine on the myocardium.
Therefore, throughout the course of treatment, BP monitoring and
cardiovascular assessment should be actively improved, with a
focus on cardiac problems connected to NB.

This case remains limited. First, while urine catecholamine
metabolites were found, plasma catecholamine metabolites were
not. Second, the mechanism of catecholamine cardiomyopathy
complicated by coronary artery dilatation further
investigation. Third, we did not conduct a genetic test on this

requires

patient, and it will be refined during a later follow-up to provide

more insight into the pathogenesis of catecholamine
cardiomyopathy.
Conclusion

We experienced a case of catecholamine cardiomyopathy in NB
manifested with HCM. After tumor resection, catecholamine
cardiomyopathy normalized. This case extremely important for
clinicians in the early detection and treatment of special
cardiomyopathy.
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Atrial fibrillation in a pediatric
patient caused by an unusual
malignant etiology: A case report
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This case report describes a 15-year-old patient with a known congenital
malformation syndrome and immune deficiency, presenting with new-onset atrial
fibrillation (AF) after a recent diagnosis of an intrathoracic mass. Transthoracic
echocardiography showed a structurally and functionally normal heart and workup
confirmed a primary diffuse large B-cell lymphoma, with pericardial and left atrial
involvement on cardiac magnetic resonance imaging. Electrical cardioversion was
successfully performed to convert the AF and chemotherapy was promptly started.
Antiarrhythmic treatment was continued for 6 weeks, without recurrent AF. We
discuss the pathogenesis of AF in the setting of malignancies as well as the
management strategies of AF, mainly based on adult guidelines.

KEYWORDS

atrial fibrillation, child, lymphoma, cardiac involvement, pericardial invasion, cardioversion

Introduction

Atrial fibrillation (AF) is uncommon in children in the absence of congenital heart disease
(1, 2). Epidemiological pediatric data are scarce and management is guided by studies performed
in the adult population (3). The presence of AF in a young patient with a structurally normal
heart requires a careful etiological workup. This case illustrates a rare malignant etiology of
AF, an intrathoracic non-Hodgkin lymphoma with cardiac involvement, demonstrated on
cardiac magnetic resonance imaging (MRI). To our knowledge, this is the first pediatric case
described with new-onset AF caused by a neoplastic invasion of the left atrial wall.

Case description

A 15-year-old girl, diagnosed with Hay-Wells syndrome-like phenotype at birth, was
hospitalized for persistent cough, fatigue, and a deteriorating general condition. Her
syndromic clinical features at birth and in infancy included cleft lip, cleft palate, maxillary
hypoplasia, patchy alopecia, ankyloblepharon filiforme adnatum, absent eyelashes, dystrophic
nails, bilateral syndactyly of the second to the fourth toe, ectrodactyly of both thumbs,
hyperkeratosis, and hypoplasia of external genitalia. Furthermore, her medical history was
marked by severe growth failure, celiac disease, gastroesophageal reflux, and
hypogammaglobulinemia. She had no history of cardiac symptoms nor signs prior to this
admission and there was no known family history of AF.

A persistent pleural effusion, found and monitored on chest x-ray and positron emission
tomography computed tomography (PET-CT) scan, was suggestive of a malignant

intrathoracic process. Primary mediastinal non-Hodgkin lymphoma was confirmed at
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anatomopathological analysis, with the definitive diagnosis of a stage
III diffuse large B-cell lymphoma. Shortly after diagnosis and before
starting chemotherapy and corticosteroids, the patient presented with
acute onset chest discomfort and palpitations. A cardiac monitoring
showed a heart rate varying between 200 and 220 beats per minute
(bpm) with normal blood pressure for age. On electrocardiogram
(ECG), AF was diagnosed, with a rapid ventricular response and
incomplete right bundle branch block secondary to the fast heart
1). On
echocardiography (TTE),

rate  (Figure previously performed transthoracic

a small atrial septal defect-type
secundum and normal biventricular dimensions and function were
seen. Previous ECG was also normal with no signs of pre-
excitation or early repolarization.

At the time of the acute AF, blood gas excluded electrolyte
abnormalities. Hematologic analysis showed a hemoglobin level of
9 g/dl [Normal (N): 11-14.5 g/dL], hematocrit of 29% (N: 35%-—
47%), 3,000/mm?, neutrophils (N: 1,700-5,700/mm>) among 4,200/
mm® of white blood cells (N 4,000-10,000/mm?), and 489,000/
mm?® of platelets (N: 1,75,000—3,45,000/mm3). Renal function and
thyroid hormone levels were normal. Given her clinical state and
hemodynamic tolerance, she was given an oral loading dose of
amiodarone 800 mg/mz. Within 6 h, her ventricular response rate
had dropped to 180 bpm, but she remained in AF and not in sinus
rhythm. Over the next few hours, the clinical signs of increasing
pallor and hepatomegaly developed and her blood pressure
decreased to 79/43 mmHg. TTE showed normal cardiac function
[with an ejection fraction (EF) of 70% and a shortening fraction

(SF

no mitral valve regurgitation.

) of 39%], without enlargement of the left heart structures and

TTE was completed with a transesophageal echocardiography in
order to rule out the presence of an intracardiac thrombus. Due to

10.3389/fped.2023.1051041

clinical deterioration, she was sedated (with propofol), intubated,
and ventilated prior to electrical cardioversion. She returned to
sinus rhythm after one shock of 1]J/kg. Anticoagulation by low-
molecular-weight heparin (tinzaparin, 4,500 Ul/day subcutaneously)
was started and discontinued after 24 h of persistent sinus rhythm,
without continuation of oral anticoagulation.

Etiological investigation was completed by performing cardiac
MRI, which showed tumoral invasion into the pericardium and the
lateral wall of the left atrium (Figure 2). Repeat TTE could not
reproduce this finding.

Neurological examination at all times (at presentation and
following treatment) remained normal. Cerebral MRI 24 h post-AF
onset ruled out both intracranial tumoral invasion and signs of
ischemic stroke.

Chemotherapy was started 24 h after AF onset according to the
Inter-B-NHL 2010
maintenance dosage (200 mg/m?> 1x/day orally) was continued for

treatment  protocol. Amiodarone in
6 weeks without any use of antiarrhythmic agents thereafter. There

was no recurrence of AF in this patient.

Discussion

The incidence of AF in pediatrics is rare (prevalence <0.05%
prior to the age of 30) and mainly documented in children with
congenital heart disease, cardiomyopathy, inherited arrhythmias,
hyperthyroidism, or post-open-heart surgery (2-4). Isolated AF, in
the absence of underlying cardiovascular disease, represents less
than 5% of all cases of AF, across all ages (1). Several risk factors
for AF are described, such as hypertension, diabetes mellitus,
obstructive sleep disorder, obesity, smoking, alcohol and drug use,
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FIGURE 1

Electrocardiogram at onset. Atrial fibrillation with a rapid ventricular response. Incomplete right bundle branch block secondary to fast heart rate
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FIGURE 2

magnetic resonance imaging; SSFP, steady-state free precession.

Cardiac MRI. SSFP four-chambers view showing the extensive tumoral process in the left pulmonary area coming into close contact with the left atrium, with
paraneoplastic pleural and pericardial effusions (A); and likely tumoral invasion of the left atrial wall on the late-gadolinium-enhanced acquisition (B). MRI,

excessive exercise, hyperthyroidism, or positive family history. The
patient in this case report had none of these known risk factors (3, 5).

The pathogenesis of AF is generally multifactorial, with electrical
remodeling, structural remodeling, and inflammation (6, 7). Once
initiated, AF alters the electrophysiologic properties of the atrial
myocardium, responsible for the maintenance of the arrhythmia.
Furthermore, the role of a susceptible atrial anatomical substrate,
such as myocyte degeneration, activation of fibroblasts, and
enhanced connective tissue deposition leading to interstitial
fibroses, has been implicated in the physiology of the onset and
maintenance of AF. The presence of AF has also been associated
with an increased inflammatory burden.

Invasion of the malignant tumor into the atrial wall myocytes in
this case, is considered an inflammatory burden, creating a
susceptible atrial anatomical structure, with the underlying milieu
of the systemic proinflammatory state of cancer. In the absence of
other underlying extracardiac triggers such as hypertension,
hyperthyroidism, pulmonary embolism, viral infection, sepsis, or
drug overdose, we considered the non-Hodgkin lymphoma with
neoplastic invasion of the pericardium and the left atrial wall as
the etiology AF in our patient.

The association between various cancers and AF has been
described, justified by the abovementioned pathophysiological
mechanisms of proinflammatory markers in both AF and cancer
(8, 9). A large cohort study in a Danish population found that
patients with new-onset AF had a markedly increased probability
of neoplasia within 3 months following AF diagnosis, and that
moreover, AF was strongly associated with metastatic cancer (10).
Conversely, a recent meta-analysis suggests that patients with
newly diagnosed cancer have a significantly increased risk of AF
during the first 3-months of follow-up (9). Hospitalization costs,
length of stay, and mortality rates are higher in cancer patients
with AF than in those without AF. With regard to different cancer
subtypes, in patients under the age of 65 years, AF has the highest
association with lung cancer, followed by multiple myeloma and
non-Hodgkin lymphoma (such as in our patient) (8).

Primary cardiac lymphoma is rare, and secondary cardiac
involvement is even rarely reported. Usually, cardiac involvement is
a late manifestation of lymphoma with median onset at 20 months
after initial diagnosis, and often diagnosed at autopsy (11). The
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right side of the heart seems to be more often involved than the
left and typically associated features include superior vena cava
syndrome, pericardial effusion, and lymphatic return obstruction.
Various arrhythmias can occur, including AF, atrioventricular
block, and ventricular tachycardia (12).

Diagnostic modalities include CT and MRI, with contrast-
enhanced MRI resulting in superior quality images to identify the
morphology, location, and extent of intrathoracic masses (13).

Pediatric cases are very poorly described in the literature, and this
patient reported is most likely the youngest to date reported with AF
caused by pericardial and left atrial wall invasion of a non-Hodgkin
lymphoma. Very few similar adult cases have been described (12, 14).

An added feature of note in this case is that during infancy, she
was diagnosed with a Hay-Wells syndrome-like phenotype (15). The
ankyloblepharon-ectodermal defects-cleft lip/palate (AEC) syndrome
or Hay-Wells syndrome (MIM #106260) was first reported in 1976
(16). Hay-Wells syndrome belongs to a large, heterogeneous group
of ectodermal dysplasia that affects the embryonic development of
ectodermal tissues: hair, nails, teeth, sweat glands, and skin
(17, 18). This very rare genetic condition is caused by a
heterozygous mutation of the tumor protein p63 (TP63) gene,
located on chromosome 3q28. Exome sequencing in our patient
revealed de novo heterozygous variants in CHUK, PTGER4, and
IFIT2. The variant in CHUK appeared to be most relevant for the
AEC-like phenotype. CHUK is a direct target gene of p63 and
encodes a component of the IKK complex that plays a key role in
NF-kB pathway activation (15).

As in most of the classic Hay-Wells patients, dermatological
features were predominant in our patient. Cardiac features are
extremely rare in these patients, with only ventricular septum
defects and persistent ductus arteriosus described (19). No cardiac
arrhythmias nor tumor development (such as lymphoma) have
been reported in the literature linked to the syndrome. We did not
consider her underlying genetic condition as the cause for her
malignancy or AF.

With in AF,
cardiomyopathy and inherited ventricular arrhythmias should be

regard to the early workup early-stage
ruled out/excluded. Rare channelopathies associated with AF in
children include Brugada syndrome, long QT syndrome, and short

QT syndrome. Baseline 12-lead ECG is a basic yet essential
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screening tool in the diagnosis and has high value in establishing
prognosis and orienting further therapy (3). In our patient, a 12-
lead ECG taken earlier was carefully examined using the Bazett
formula, and no case for channelopathy was made out.

AF can also be associated with organized supraventricular
tachycardia such as atrioventricular reentrant tachycardia
degenerating into AF. Patients with accessory pathways have a
much higher incidence of AF than the general population,
especially with manifest accessory pathways (Wolff-Parkinson-
White syndrome), but it has also been reported in patients with
concealed accessory pathways (20).

AF is strongly associated with heart failure, even in the early
stages of cardiomyopathy, and therefore (21), diastolic function on
TTE should be carefully examined. Structural changes, however,
may be delayed and develop later depending on the management,
control, and re-occurrence of arrhythmias (3). In this case, TTE
remained normal during follow-up.

Importantly, our patient did not receive any treatment in the
form of anthracyclines, monoclonal antibodies such as ibrutinib, or
other oncological treatments at the onset of AF. These medications
are all considered risk factors for cardiovascular events (22-24).

In the current literature, treatment strategies for AF in children
are not well defined. In general, rate control is often sufficient to
resolve AF-related symptoms; however, rhythm-control strategies
should always be considered in children. There is no robust
evidence for the best choice of pharmacological agents offered for
rate control, and the current practice includes the use of beta-
blockers, calcium channel blockers, other antiarrhythmic drugs
such as amiodarone or combination therapies.

Conversion to sinus rhythm by antiarrhythmic drugs is observed
in approximately 50% in adults (7), and due to our patient’s initial
hemodynamic stability, we initially chose this strategy, in the
knowledge that amiodarone appears to be more effective than
sotalol in restoring sinus rhythm (25, 26). Pharmacological
cardioversion also has the benefit of not requiring a fasting state or
sedation.

In our patient, due to the inefficacy of pharmacological
cardioversion and her worsening clinical state with hypotension,
synchronized electrical cardioversion was subsequently the most
appropriate procedure to rapidly establish sinus rhythm and avoid
further

performed despite the risk of stroke in non-anticoagulated patients

clinical ~ deterioration.  Electrical ~cardioversion was
(7) because it is indeed a quicker procedure and a more effective
treatment of choice in hemodynamically compromised patients. It
sedation with intravenous

can be performed safely under

midazolam and/or propofol. Continuous cardiorespiratory
monitoring is essential.

Thromboembolism is a known complication of AF. The
structural and functional changes of the atrial myocardium and
stasis of blood generate a prothrombotic milieu. Anticoagulation is
usually indicated in order to prevent stroke, although it remains
controversial as there is a lack of pediatric recommendations. In
adults, various risk scores exist to guide long-term anticoagulation
decisions, such as the CHA2DS2-VASc score [congestive heart
failure, hypertension, age >75 (doubled), diabetes,
(doubled), 65-74, and sex (female)]

recommended by the European Society of Cardiology (ESC) (7).

stroke

vascular disease, age
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Our patient was covered with low-molecular-weight heparin in
view of electrical cardioversion, from the time of the procedure
until 24 h thereafter. Continuous monitoring showed no recurrence
of AF, and additional oral anticoagulation was not proposed in our
patient, in accordance with adult guidelines (1, 7, 27).

The recurrent risk of AF is described between 15% and 39% after
a first episode of isolated AF (4, 28). According to different case
cohorts, age, male sex, obesity, and duration of the initial episode
of AF were associated with a higher risk of recurrence. Throughout
the treatment and follow-up of the patient’s oncological condition,
no recurrence was seen on monitoring. The indication for long-
term antiarrhythmic therapy for AF has to be carefully balanced
and weighed up, with negative AF-related symptoms on the one
hand vs. the possible adverse effects on the other. Informed patient
preference also plays a role (7). In cases of non-cardiac conditions
associated with AF, the treatment of the underlying condition is
crucial, as first-line therapy and (29) prognosis rely strongly on the
underlying condition, but the lymphoma stage in our patient was
unfortunately unfavorable.

In case of the recurrence of AF our patient, an electrophysiology
study should be considered because other forms of supraventricular
tachycardia that may trigger AF should be excluded (2, 29).
Further future pediatric studies on this topic are needed in order
to establish more specific guidelines on the management of AF in
young patients. This study highlights the importance of clinical
workup, examinations, and investigations to search for the cause of
every new onset of AF in a pediatric patient.

Conclusion

In young patients presenting with AF, with no prior history or
findings of cardiac abnormalities, the investigative workup for
determining etiology is vital. Oncological conditions, and especially
intrathoracic or cardiac malignant lesions, are rare but a part of
the differential diagnosis of new-onset AF, as demonstrated by this
case report of a 15-year-old girl with non-Hodgkin lymphoma.
Cardiac MRI is a helpful
cardioversion is a rapid and effective treatment option. Further

diagnostic tool and electrical

pediatric studies are needed to establish clear management
guidelines for isolated AF in pediatric populations.
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level in 125 children during
COVID-19

Paola Di Filippo™®' ®, Daniela David', Marina Attanasi, Nadia Rossi
and Francesco Chiarelli

Department of Pediatrics, University of Chieti, Chieti, Italy

Introduction: Increase in cardiac biomarkers during Coronavirus disease 2019
(COVID-19) was frequent regardless of the presence of myocarditis and
multisystem inflammatory syndrome in children (MIS-C). Several studies
described MIS-C, but few papers evaluated cardiac manifestations in children
with SARS-CoV-2 infection without MIS-C and investigated the role of troponin
in absence of electrocardiogram (ECG) and echocardiographic alterations. The
aim of this case series is to describe the cardiac manifestations during COVID-
19 in children, trying to explain the meaning of laboratory findings during
COVID-19, especially of increased troponin.

Materials and methods: We conducted a retrospective case series of children
aged <18 years admitted at the Department of Pediatrics, University of Chieti, for
SARS-CoV-2 infection between 1st March 2020 and 31th July 2022. All patients
with documented SARS-CoV-2 infection underwent a laboratory evaluation at
admission. Children with increased troponin | and/or BNP underwent
electrocardiographic and echocardiographic exams.

Results: 125 children were admitted for SARS-CoV-2 infection to our Department of
Pediatrics, of whom 17 (13.6% of cases) with different patterns of cardiac involvement.
Specifically, 5 subjects (4.0% of admitted children) were diagnosed as MIS-C and 12
children (9.6%) manifested a cardiac involvement in terms of increased troponin
with or without ECG and echocardiography anomalies. Troponin, C-reactive
protein, procalcitonin and BNP values resulted higher in patients with MIS-C
compared to patients without MIS-C. Furthermore, patients with MIS-C had higher
neutrophils and lower lymphocytes compared to patients without MIS-C. ECG
abnormalities were found in 4/5 patients with MIS-C and in 2/12 patients without
MIS-C. Echocardiographic anomalies were found in all patients with MIS-C,
especially in terms of valve regurgitation and ejection fraction reduction and in 2/12
patients without MIS-C, especially in terms of pericardial effusion. Despite high
troponin levels, children presented a favorable clinical evolution.

Conclusion: The increase in troponin level in children with COVID-19 could also be
due to respiratory causes or a massive inflammatory state. In our case series,
patients with increased troponin associated to COVID-19 presented a favorable
clinical course with clinical and laboratory remission almost always within 7 days.

KEYWORDS

MIS-C, SARS-CoV-2, cardiac involvement, children, troponin

Abbreviations

COVID-19, coronavirus disease 2019; MIS-C, multisystem inflammatory syndrome in children; IL, interleukin;
CDC, centers for disease control; KD, Kawasaki disease; MRI, magnetic resonance imaging; PCR, polymerase
chain reaction; WBC, white blood cells; PLT, platelet count; Hb, hemoglobin; CRP, C-reactive protein; PCT,
procalcitonin; BNP, brain natriuretic peptid; WHO, World Health Organization; ECG, electrocardiogram;
AV, atrioventricular; CAVC, complete atrioventricular canal.
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1. Introduction

At the onset of the Coronavirus disease 2019 (COVID-19)
outbreak, children were marginally involved, accounting for 1.7%
of cases, and considered mostly asymptomatic carrier cases (1).
During the following epidemic waves, an increasing number of
children exposed to COVID-19 developed a multisystem
inflammatory syndrome in children (MIS-C), defined on May 14,
2020, by the Centers for Disease Control (CDC) with a Health
Alert Network (1, 2). Although COVID-19 mostly showed a
favorable prognosis in children, MIS-C was characterized by an
overwhelming inflammatory activation, with clinical similarities
with Kawasaki disease (KD) including cardiac involvement (3).

SARS-CoV-2 mainly affects the upper respiratory tract.
Nevertheless, the virus can damage other tissue than lung
through a direct injury or an indirect one caused by the release
of proinflammatory cytokines (4). An exaggerated inflammatory
response triggered by the cytokine storm could cause a multi-
organ involvement (5). A higher risk of severity and mortality
was described
morbidity (6).

The incidence of MIS-C is not clear, but some estimates
showed that MIS-C occurs in 5.1 out of 1,000,000 person-
months in individuals under the age of 21 years (7). Cardiac

in patients with underlying cardiovascular

involvement was frequently described in children with MIS-C,

with myo-pericardial inflammation, coronary dilatation or
aneurysm and arrhythmias (8). The mechanism of myocardial
dysfunction in MIS-C is still unclear, but possible causes include
reaction, and
The

pathophysiology of MIS-C includes a sequence of events. Firstly,

acute myocarditis, post-viral immunological

systemic  inflammatory = response  syndrome  (2).
neutrophils infiltrate vessel walls causing acute necrotizing

arteritis and an aneurysm within the coronary artery.
Macrophages and T-cell lymphocytes accumulate in the damaged
vessel wall, initiating a chronic form of vasculitis, with
proliferation of myofibroblasts and risk for coronary artery
stenosis. In the early acute phase, myocardial edema characterizes
myocarditis before evidence of an aneurysm, with possibly
transient left ventricular dysfunction that can lead to
cardiovascular shock (4).

In literature, clinical and laboratory data mostly derived from
clinical cases. In a case series of 20 critically ill children admitted
for shock, fever and SARS-CoV-2 infection between 15th and
27th April 2020, the authors found an acute myocarditis with a
mean left ventricular ejection fraction of 35% and high troponin
level (269 ng/ml). The first symptoms before admission were
intense abdominal pain and fever for 6 days and all children
showed increased inflammation indexes (9).

In a French prospective study including 21 children and
adolescents with features of KD admitted between 27 April and
11 May 2020, Toubiana et al. (10) found evidence of recent
SARS-CoV-2 infection in 19 (90%) subjects. The authors
observed myocarditis in 16 (76%) patients, with a median left
ventricular ejection fraction rate of 42%, increased troponin I
and B-type natriuretic peptide in 81% and 78% patients

respectively, and pericardial effusion in 48% of enrolled children.
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Interestingly, all 21 patients presented noticeable gastrointestinal
symptoms and high levels of inflammatory markers during the
early stage of disease.

Furthermore, in a multicenter case series of 183 children with
MIS-C, a wide clinical spectrum was found. All patients presented
with fever, 63.9% gastrointestinal symptoms, and 43.2% presented
with shock. Inotropic support,
extracorporeal membrane oxygenation were indicated in 39.3%,

mechanical ventilation, and

23.5%, and 2.2% patients, respectively (11).

An increased volume, a diastolic dysfunction and a reduced
ejection fraction of the left ventricle were frequently found
during echocardiographic exam. On imaging examinations,
Magnetic Resonance Imaging (MRI) findings often showed late
gadolinium enhancement, native T1 and T2 enhancement, and
pericardial enhancement (9). These data suggest that SARS-CoV-
2 can cause myocarditis, myocardial ischemia, and heart failure
in a significant percentage of infected patients (12).

Children with COVID-19 myocarditis showed higher C-
reactive protein levels, variable clinical features, need for shorter
inotropic therapy and faster recovery of the left ventricular
systolic function compared to patients with non-COVID-19
myocarditis (13).

The management of acute MIS-C patient includes cardiac
support, immunomodulation, and
treatments (14). Whittaker et al.
with  left
echocardiography and troponin elevation in 62% and 66% of

antiplatelet/anticoagulant
(15)

ventricular

documented cardiac
involvement dysfunction  on
children with MIS-C, respectively.

The aim of this case series is to describe the cardiac
manifestations during COVID-19 in children, trying to explain
the meaning of laboratory findings during COVID-19, especially
of increased troponin.

2. Materials and methods

We conducted a retrospective case series of all children aged
<18 years admitted at the Department of Pediatrics, University of
Chieti, for SARS-CoV-2 infection between 1st March 2020 and
31th July 2022. Written informed consent was obtained from the
minor’s legal guardian for the publication of any potentially
identifiable images or data included in this article. We reviewed
the medical records of children who needed hospitalization to
collect clinical, laboratory, imaging and echocardiographic
findings and data about COVID-19 vaccination history. The time
between onset of symptoms and admission and days of
hospitalization were also recorded.

SARS-CoV-2 was diagnosed at the admission using reverse-
(PCR) on

nasopharyngeal and/or oropharyngeal swab samples. Serological

transcriptase ~ polymerase  chain  reaction
test for SARS-CoV-2 antibodies detection was performed in
children without active infection.

Clinical evaluation included physical examination and vital

signs. Main clinical symptoms at onset, including fever,
mucocutaneous  involvement, presence of nonsuppurative
laterocervical lymphadenopathy, conjunctivitis, and
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gastrointestinal, respiratory, cardiovascular and neurologic
symptoms were also collected.
All patients with documented SARS-CoV-2 infection

underwent a laboratory evaluation at admission, including blood
cell count with white blood cells (WBC, 10°/mmc), platelet count
(PLT, 10°/mmc) and hemoglobin (Hb, g/dl); C-reactive protein
(CRP, mg/L) and procalcitonin (PCT, mg/ml); troponin I (pg/
ml) and brain natriuretic peptid (BNP, pg/ml), transaminases
(U/L), ferritin (ng/ml), D-dimer (ng/ml). According to our
Laboratory Unit, the upper limit of serum troponin level is
15.2 pg/ml and of BNP is 100 pg/ml.

Children with increased troponin I and/or BNP underwent

electrocardiographic and echocardiographic exams.
Electrocardiogram (ECG) data, including abnormal PR and QT
intervals and ST- and T-wave changes, were recorded.

Echocardiography findings were considered, including left
ventricular ejection fraction, assessment of coronary arteries, and
pericardial effusion.

Cardiac involvement is defined according to World Health
Organization (WHO) definition as the presence of myocardial
dysfunction, pericarditis, valvulitis, or coronary abnormalities
(including findings on echocardiogram or elevated levels of
troponin/BNP) (16). Patients with cardiac involvement were
included in the analysis and divided into two groups: SARS-
CoV-2 patients with and without MIS-C. According to WHO
criteria, MIS-C was diagnosed in children and adolescents 0-
19 years of age with fever >3 days with evidence of SARS-
CoV-2 infection and exclusion of other obvious microbial
inflammation markers and two the
Rash or bilateral
conjunctivitis or muco-cutaneous inflammation signs (oral,
feet); (¢) cardiac
involvement; (d) Evidence of coagulopathy (by prothrombin

cause and increased

following criteria: (a) non-purulent

hands or (b) Hypotension or shock;
time, partial thromboplastin time, elevated d-Dimers); (e)
Acute
abdominal pain) (16).

gastrointestinal problems (diarrhea, vomiting, or

In children with MIS-C, usual etiologic causes of acute
myocarditis were screened, including testing of a large panel of
non-SARS-CoV-2 viruses

Cytomegalovirus, Parvovirus B19, Coxsackievirus, Echovirus.

in blood, as Epstein-Barr virus,
Other causes of infection were also excluded testing culture of
urine, stool, and nasopharyngeal swabs and detection of

Mycoplasma, Adenovirus, Influenza and Parainfluenza virus

antibodies.
Information about need for oxygen, intravenous
immunoglobulins, antiplatelet/anticoagulant treatments and

inotropic support was collected. The clinical evolution including
admission to Intensive Care Unit or death was also considered.

Continuous data was expressed as median and range 5%-95%.
Categorical data was presented as numbers and percentages.
Mann-Whitney U test was performed to compare characteristics
between two groups. The statistical significance level was p < 0.05.
SPSS version 25.0 for Windows (IBM, Armonk, NY, USA) and
STATA/IC 15.1 (StataCorp. 2017. Stata Statistical Software:
Release 15. StataCorp LLC. College Station, TX, USA) were used
to perform statistical analysis.
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3. Results

One hundred twenty five children were admitted for SARS-
CoV-2 infection to our Department of Pediatrics. Seventeen
children (13.6% of cases) showed different patterns of cardiac
involvement. Specifically, 5 subjects (4.0% of admitted children)
were diagnosed as MIS-C with a median age of 8.8 years (5%-
95% CI 1.8-16.0); three were male (60.0%). Twelve children
(9.6% of total cases) with a median age of 0.2 years (5%-95% CI
0.1-5.4, male 50%) manifested a cardiac involvement in terms of
increased troponin with or without ECG and echocardiography
anomalies, and showing no diagnostic criteria for MIS-C
(Figure 1). Other etiologic causes of acute myocarditis (Epstein-
Barr virus, Cytomegalovirus, Parvovirus B19, Coxsackievirus,
Echovirus) resulted negative in children with MIS-C.

Children with MIS-C were older compared to children without
MIS-C (8.8 vs. 0.2 years, p <0.001). Patients without MIS-C were
mainly infants (11/12 patients, 91.6% of cases), mostly within the
first 3 months of life. The child with the highest troponin level
(710 picogram/ml) was a 2-month-old infant with a minimal
pericardial effusion detected by echocardiography that did not
require any intervention. In this case, troponin level gradually
decreased fluctuating after approximately 70 days, while
increased troponin values in other patients became normal after
about a week.

Nine patients (9/108, 8.3%) among children without cardiac
involvement and one patient (1/17, 5.9%) with increased
troponin levels were previously vaccinated for SARS-CoV-2.

Children with MIS-C presented fever (100% of cases), rash
(80.0%), diarrhea (80.0%), (60.0%),
(40.0%), mucositis (40.0%) and neurologic symptoms (lethargy,

conjunctivitis dyspnea
headache, confusion in 40.0% of patients). In patients without
MIS-C, clinical characteristics ranged from fever (66.7% of
patients), tachypnea (50.0%), cough (41.7%), diarrhea and weight
loss (8.3%), headache (8.3%) and tachycardia (8.3%). Patients
with MIS-C showed higher troponin levels compared to patients
without MIS-C [201.6 (35.5-6638.0) vs. 65.5 (18.3-710.0)] but
statistically ~significant (p =0.328).
C-reactive protein [158.6 (89.7-109.4) vs. 3.5 (0.2-38.5);
P <0.0001], procalcitonin [4.1 (0.04-55.3) vs. 0.2 (0.01-1.4); p=
0.048], and BNP [410.0 (82.4-3352.0) vs. 24.7 (0-564.2); p=
0.008] values were higher in patients with MIS-C compared to
patients without MIS-C. Values of WBS are similar between the
two groups [12.8 (5.4-18.3) vs. 9.7 (2.9-19.5); p=0.442], but
patients with MIS-C had higher neutrophils [10.7 (CI 4.1-15.5)
vs. 2.1 (0.6-7.1); p=0.002] and lower lymphocytes [1.4 (0.7-2.2)
vs. 6.7 (1.7-10.9); p = 0.002] compared to patients without MIS-C.

Aspartate aminotransferase [28.0 (20.0-156.0) vs. 49.0 (25.0-
574.0); p =0.377], alanine aminotransferase [21.0 (19.0-350.0) vs.
430 (21.0-406.0); p=0.377], ferritin [378.0 (283.8-524.8)
vs. 784.5 (186.4-1755.0); p=0.247] and D-dimer [1.2 (0.5-10.2)
vs. 0.9 (0.6-1.5); p=0.524] were not significantly different
between the two groups.

ECG abnormalities were found in 4/5 patients (80.0%) with
MIS-C (Table 1), while in patients with increased troponin and
without MIS-C 2/12 patients (16.7%) showed ECG abnormalities:

the difference was not
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125 children hospitalized for
SARS-CoV-2 infection

17 (13.6%) with 108 (86.4%) without
cardiac involvement cardiac involvement

4 \ { N\

5 (4.0%) with MIS-C 12 (9.6%) without MIS-C
J J

Median age 8.8 (1.8-16.0) years \
Troponin 201.6 (35.5-6638.0) pg/ml
BNP 410.0 (82.4-3352.0) pg/ml
ECG anomalies in 80% patients
Echocardiographic anomalies in
100% of patients

=

-
[ V\/\/\/\/\

FIGURE 1

-
[ \/V\/\/\/\

Median age 0.2 (0.1-5.4) years \
Troponin 65.5 (18.3-710.0) pg/ml

BNP 24.7 (0-564.2) pg/ml

ECG anomalies in 16.7% patients
Echocardiographic anomalies in

16.7% of patients /

Flow-chart of children enrollment with main laboratory, electrocardiographic and echocardiographic findings in the two groups.

a patient with ventricular repolarization (VR) abnormalities and
one with sinus tachycardia (Table 2).

Echocardiographic anomalies were found in all patients with
MIS-C, especially in terms of valve regurgitation and ejection
fraction reduction (Table 1). Conversely, echocardiographic
anomalies were found in 2/12 patients (16.7%), especially in
terms of pericardial effusion (Table 2).

One patient (20.0%) in the MIS-C group and one patient
(8.3%) in the group without MIS-C were transferred to the
Pediatric Intensive Care Unit. None of the 17 patients presented
sequelae. None of the 17 patients died, but a patient in the whole
group of infected children (1/125, 0.8%) died because of
respiratory failure. The patient had Down syndrome and
congenital heart disease (subaortic ventricular defect and patent
foramen ovale with pulmonary

hypertension, previously

surgically corrected).

4. Discussion

In this case series, cardiac involvement was detected in 13.6%
(17/125) and MIS-C in 4.0% (5/125) of hospitalized children
with a recent history of COVID-19 or acute COVID-19. All the
patients with MIS-C showed increased troponin level, while 12
children (9.6% patients) with current SARS-CoV-2 infection
presented increased troponin levels. Despite high troponin level,
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2/12 had ECG anomalies and 3/12

echocardiographic ones.

only patients

In literature, several studies described MIS-C and the role of
troponin increase as a marker of myocardial damage was widely
reported (17-19).
manifestations in children with SARS-CoV-2 infection without

Otherwise, few papers evaluated -cardiac

MIS-C and investigated the role of troponin in absence of ECG
and echocardiographic alterations. Noteworthy, increase in
cardiac biomarkers during COVID-19 was frequent regardless of
the presence of myocarditis, especially in the phase of severe
systemic inflammation and acute respiratory distress syndrome
and quantitatively associated with poor outcome (20). Indeed, an
increase in cardiac biomarkers was found in up to 27% of
COVID-19 patients (21).

In a single-center retrospective observational study of 759
children with increased troponin levels over an 11-year period,
the authors found that this laboratory finding was associated
mostly to cardiac diseases. Nevertheless, increased troponin

resulted also in drug or carbon monoxide intoxication,
bronchopneumonia, asthma, sepsis, septic shock, and systemic
inflammatory  response syndrome and hypotension or
hypovolemia (22). Therefore, Yoldas et al. (22) showed that
troponin elevation could be caused also by non-cardiac disease.
We speculated that the frequent increased troponin levels in
children with COVID-19 could not be due to viral infection of
the heart. Indeed, in a study including COVID-19 patients

increased troponin levels were not correlated with left ventricular
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TABLE 1 Clinical, laboratory and cardiac findings and oxygen need of 5 patients with MIS-C.

Patient 1 2 3 4 5

Age (years) 12.5 6.7 1.8 8.8 16.0

PCR for SARS-CoV-2 on Negative Negative Negative Negative Negative

naso/oro-pharyngeal swab

Serological test for SARS- Positive Positive Positive Positive Positive

CoV-2

Clinical characteristics Fever, rash, dyspnea, | Fever, rash, dyspnea, diarrhea Fever, rash, diarrhea, Fever, conjunctivitis, Fever, rash, rhinitis,
diarrhea conjunctivitis, mucositis, mucositis, headache, diarrhea

lethargy confusion

Weeks after the positive 4 3 4 4 4

SARS-CoV-2 swab

Days between onset of 4 2 6 7 7

symptoms and admission

Days of hospitalization 17 12 1 before PICU 12 16

WBC (x 103/pl) 54 9.2 18.3 14.4 12.8

N Ratio (%) 76.6 84.3 85.0 75.7 83.8

CRP (mg/L) Nv<5 166.3 89.7 308.4 158.6 98.0

PCT (ng/ml) Nv<0.5 4.1 8.9 55.3 13 0.04

Troponin (pg/ml) 2119 201.6 355 56.7 6638.0

Nv 0.0-15.2

BNP (pg/ml) Nv < 100 240.8 2926.0 3352.0 410.0 88.4

Echocardiographic findings | Mild to moderate mitral | Mild tricuspid regurgitation, | Left ventricular function Slight reduction in EF Minimal mitral and

regurgitation, EF 55% moderate mitral at lower limit of normal, (50%) tricuspid regurgitation,
regurgitation, EF 60% EF 50% EF 55%
ECG Bradycardia First degree | Low atrial ectopic rhythm QT Normal Sinus bradycardia Incomplete right bundle
atrioventricular block interval prolongation branch block
Oxygen need No No No No No

Children with MIS-C were older compared to children without MIS-C (8.8 vs. 0.2 years, p < 0.001). All patients had a negative swab and positive serology for SARS-CoV-2;
the infection dated back to 3—4 weeks ago in all 5 cases. Regarding clinical findings, children with MIS-C presented fever (100% of cases), rash (80.0%), diarrhea (80.0%),
conjunctivitis (60.0%), dyspnea (40.0%), mucositis (40.0%) and neurologic symptoms (lethargy, headache, confusion in 40.0% of patients). Regarding cardiac findings in
patients with MIS-C, troponin levels resulted increased in all patients and ranged from 35.5 to 6638.0 pg/ml; BNP levels resulted increased in 4 patients (80.0%) and
ranged from 82.4 to 3352.0 pg/ml; echocardiographic anomalies were found in all patients, especially in terms of valve regurgitation and ejection fraction reduction;
ECG abnormalities were found in 4 patients (80.0%). Furthermore, all patients presented neutrophilia and inflammation indices were increased in almost all patients
with MIS-C: CRP was increased in all patients and PCT in 4 patients (80.0%). WBC, white blood cells; N, neutrophil; Hb, hemoglobin; PLTs, platelets; CRP, C-reactive
protein; Nv, normal values; PCT, procalcitonin; BNP, brain natriuretic peptid; EF, ejection fraction; MRI, magnetic resonance imaging; ECG, electrocardiogram; O,, oxygen.

dysfunction, but with right ventricular one. These findings
suggested that increased troponin was due to acute right
ventricular overload secondary to parenchymal or vascular lung
disease resulting in subendocardial damage of the right
ventricular myocardium (23). However, respiratory distress was
not significant in our 12 patients with troponin increase, such
that only one required oxygen. Therefore, in children infected
and without myocarditis, the increase in troponin could be
mostly related to the intense inflammatory state (22).

Otherwise, another hypothesis could be that very mild
myocarditis, not evident on ECG and echocardiogram findings,
resulted only in troponin increase. Tunger et al. (24) reported
that a mild myocarditis evolved with complete recovery without
complications, albeit elevated troponin levels. ECG anomalies
were detected in 93%-100% of children with myocarditis in
retrospective studies; therefore, a myocarditis without ECG
alterations was described rarely (25-27). We speculated that mild
cardiac involvement with no clinical significance could be
detected only by laboratory tests.

Comparing patients with and without MIS-C, we found higher
troponin level in patients with MIS-C, although not significantly.
Furthermore, we found significant higher levels of neutrophils,
C-reactive protein, procalcitonin and BNP and significant lower

values of lymphocytes in patients with MIS-C compared to
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patients without MIS-C. Similarly, in a recent study with 233
children with MIS-C and 102 with COVID-19, patients with
MIS-C had significant higher levels of troponin, BNP and
C-reactive protein and lower lymphocytes compared with
COVID-19 children (28). We suggested that these laboratory
findings could help the physician to differentiate patients with
MIS-C. Particularly, BNP seems to be a promising severity index.
In a recent metanalysis including 24 studies comprised of 2,583
COVID-19 patients and 1,613 MIS-C patients, the authors
suggested that BNP was the key cardiac marker that showed
differences between patients with MIS-C/non-severe COVID-19
and between patients with severe/non-severe MIS-C. The authors
found that other markers, such as troponin and transaminases,
did not exhibit notable differences in indicating cardiac injury
between patients with MIS-C and COVID-19 (29).

In our study population, ECG abnormalities were found in 80%
of patients with MIS-C and 16.7% of patients without MIS-C. In
literature, arrhythmic manifestations were described in a wide
range of patients (from 7% to 60%) with MIS-C (14). The most
frequently described ECG anomalies were non-specific anomalies
of ventricular repolarization, prolongation of the QT interval and
premature atrial or ventricular beats (14). First and second
degree atrioventricular (AV) blocks and atrial fibrillation were
also reported (8, 30). In literature, less information were reported
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regarding ECG changes in children with troponin elevation
without MIS-C. In the 12 children without MIS-C, we found no
ECG changes that were clinically significant: one reported only
sinus tachycardia and the other ventricular repolarization.
Furthermore, the latter was a child with a history of previous
surgery for complete atrioventricular canal.

Echocardiography has a key role for the diagnosis and
monitoring of myocarditis (31). In our study population,
echocardiographic anomalies were found in all patients with
MIS-C (especially in terms of valve regurgitation and ejection
fraction reduction), confirming the key role of this tool in the
diagnosis of MIS-C. Echocardiographic anomalies were also
found in 16.7% of patients without MIS-C, especially in terms of
pericardial effusion, probably indicating very mild pericarditis. In
literature, cardiac complications occurred in approximately 30%
of infected children and in nearly all those with MIS-C (2). In a
study including 294 children with active or previous SARS-CoV-2
of which 46 with MIS-C, the
echocardiographic change was pericardial effusion, followed by left

infection, most frequent
ventricular systolic dysfunction, while coronary abnormalities
occurred in about one third of patients with MIS-C (2).

The lack of MRI data in patients with cardiac involvement is a
limitation in this case series. Indeed, cardiac MRI is the gold
standard for the quantitative evaluation of ventricular systolic
function and it could detect myocardial edema. Verification of
myocarditis in patients with acute cardiac syndromes but normal
coronary arteries or with atypical symptoms is one of its greatest
challenges in clinical practice (32).

Regarding clinical evolution, in our population one patient in
the MIS-C group and one patient in the group without MIS-C
were transferred to a Pediatric Intensive Care Unit. However, the
clinical evolution was favorable for all patients with complete
clinical remission; none of the 17 patients presented sequelae or
died. In literature, a mortality rate of 1% in children with MIS-C
after adequate treatment was reported (33). In a large meta-
analysis of 42 studies including 275,661 children without
comorbidities and 9,353 children with comorbidities, a mortality
rate of 0.03% in children without comorbidities and of 1.5% in
children with pre-existing comorbidities was found (34). In our
study population, a patient in the whole group of infected
children (1/125, 0.8%) died because of respiratory failure. The
patient had Down syndrome and congenital heart disease
(subaortic ventricular defect and patent foramen ovale with
pulmonary hypertension, previously surgically corrected).

5. Conclusion

We found a 4% prevalence of MIS-C in subjects hospitalized
for COVID-19 and a 9.6% prevalence of troponin elevation in
patients infected without MIS-C. Additionally, children with
MIS-C were older, had higher neutrophils, inflammation indexes,
troponin and BNP levels and lower lymphocytes compared to
children without MIS-C.

This case series is one of the few investigating the role of
troponin in SARS-CoV-2 infected children without MIS-C. The
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significance of troponin increase not associated to ECG and
echocardial anomalies is not yet clear. Surely, it must be kept in
mind that the increase in troponin level can also occur in case of
right ventricle overload due to respiratory causes or in case of a
massive inflammatory state. However, this increase could also be
caused by a very slight myocardial damage, not detectable on
ECG and echocardiogram. In our case series, patients with
increased troponin associated to SARS-CoV-2 infection presented
a favorable clinical course with clinical and laboratory remission
almost always within 7 days.

Nevertheless, follow-up of children with cardiac involvement
associated to SARS-CoV-2 infection remains to be clarified. It is
not clear whether a control echocardiogram is necessary in all
patients with increased troponin. Larger multicenter studies to
better define the
involvement associated to SARS-CoV-2 infection in children are

incidence and characteristics of cardiac
needed. Finally, being a novel entity, long-term studies are
needed to better define evolution and prognosis of this disease in

children.
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Case report: A rare homozygous
variation in the ENPP1 gene,
presenting with generalized
arterial calcification of infancy in a
Chinese infant

Pengtao Lu', Jinglong Chen', Mei Chen', Ling Wang,
Dandan Xiang, Jie Yin and Shiwei Yang®

Department of Cardiology, Children’s Hospital of Nanjing Medical University, Nanjing, China

Generalized arterial calcification of infancy (GACI) is a rare genetic disease
characterized by arterial calcifications or stenoses and hypertension. GACI is
caused by mutations in the ENPP1 or ABCC6 genes, and it often causes
intrauterine or early infancy death. Here, we report a case of rare GACI| caused
by a homozygous variation in ENPP1, in a Chinese infant initially presenting with
hypertension. The proband was an 8-month-old boy with in utero tricuspid
valve calcification, presenting with hypertension at birth. Enhanced computed
tomography revealed extensive arterial calcification. Genetic testing identified a
homozygous variation in ENPP1 (c.783C > G p.Y261X), which led to the diagnosis
of GACI. This mutation has been reported in only three Chinese patients, which
all initially presented with hypophosphatemic rickets rather than GACI. This case
enriches the clinical and genetic spectrum of ENPPI1 mutations and reminds us
that GACI should be considered in an infant presenting with hypertension and
extensive arterial calcification, and that genetic testing should be performed.

KEYWORDS

generalized arterial calcification of infancy, ENPP1, early-onset of hypertension, arterial
calcification, ectopic mineralization

Introduction

Generalized arterial calcification of infancy (GACI, OMIM 208,000), is a rare autosomal
recessive disorder caused by mutations in the ENPPI (ectonucleotide pyrophosphatase 1) or
ABCC6 (ATP-binding cassette subfamily C member 6) genes (1,2). GACI is characterized by
the deposition of calcium hydroxyapatite in the arteries, skin, and eyes, leading to severe
arterial calcification and hypertension; GACI may cause intrauterine or early infant death.
GACI is usually treated using bisphosphonates; however, their efficacy is still uncertain.
Herein, we report a case of rare GACI in a Chinese infant who initially presented with
hypertension and arterial calcification caused by homozygous variation in the ENPPI gene.

Clinical presentation
The proband was an 8-month-old boy admitted to our hospital for hypertension,

hypertrophic cardiomyopathy (HCM), and heart failure. Physical examination revealed
abnormal vital signs: a heart rate of 180 BPM, a respiratory rate of 46 breaths/min, and a
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blood pressure of 180/105 mmHg. An electrocardiogram showed
sinus tachycardia and left ventricular hypertrophy. Laboratory
examinations revealed hypophosphatemia (serum phosphate level
of 0.94 mmol/L, 1.5-2.3 mmol/L) and
hypocalcemia (serum calcium level of 1.05 mmol/L, normal range
2.25-2.75 mmol/L). Other laboratory results for hereditary and
metabolic disorders were negative. Echocardiography revealed

normal  range

hypertrophy of the ventricular wall, with a left ventricular
ejection fraction of 62%. Doppler ultrasound revealed bilateral
extensive calcification of the renal arteries. Enhanced CT further
revealed extensive calcification of the iliac arteries, renal arteries,
and abdominal aorta, without bone abnormalities (Figure 1).
The patient is the second son of healthy non-consanguineous
Chinese parents. Prenatal concerns discovered on ultrasound
included tricuspid valve calcification, fetal HCM, and hydrops
fetalis. No
investigations. This patient was delivered by emergency caesarean

abnormality was found in other prenatal
section at 32 weeks of gestation because of an abnormal fetal
heart rate. At birth, he presented with neonatal asphyxia,
intracranial hemorrhage, shortness of breath, and cyanosis, for
which he received ventilator management. The patient developed
severe hypertension in the first few hours of life, and
echocardiography showed myocardial hypertrophy with no other
cardiac structural abnormality. After symptomatic treatment, the
patient’s condition improved, but the hypertension persisted, and

he was discharged from the local hospital on captopril.

FIGURE 1

Low-dose, enhanced CT of the child with GACI caused by a
homozygous variation in ENPP1. (A) and (B) stenosis of bilateral iliac
artery; the thinnest parts of the left and right iliac arteries are 1.7 mm
and 1.3 mm wide, respectively. (C) The black arrow indicates the
presence of calcification in the descending aorta, thoracic aorta, and
abdominal aorta. (D) The black arrow indicates the stenotic right renal
artery.
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During the follow-up, the patient still had hypertension and his
condition had deteriorated. He was admitted to our hospital at the
age of 8 months due to severe pneumonia and sepsis, and was
placed on ventilator and treated with antibiotics and blood
pressure reduction. However, his condition worsened, and the
hypertension was
metoprolol, and captopril). Eventually, the child died of heart

resistant to triple therapy (nicardipine,

failure and respiratory failure a week after admission, before
bisphosphonates could be used. GACI was suspected, and whole
exome sequencing was subsequently performed after obtaining
the consent of the child’s parents. Genomic DNA was extracted
from the peripheral blood of the patient and his parents. Whole-
exome sequencing was performed in the proband using IDT
(Integrated Device Technology, United States) and the x-Gen
Exome Research Panel v1.0 whole-exome capture cores. Variants
were annotated using the Genome Aggregation Database
(gnomAD), 1,000 Genomes Project (Chinese), dbSNP, and the
ExAC database. The candidate variants were further validated by
Sanger sequencing in the proband and his parents, and the
pathogenicity of variants was evaluated according to the
American College of Medical Genetics and Genomics (ACMG)
criteria. The patient’s grandfather, grandmother, and brother
were all healthy and refused to accept genetic testing.

Genetic testing revealed a rare homozygous mutation in the
ENPPI (c.783C>G Y261X) gene, which was inherited from his
parents (Figure 2A, B). This mutation was located in exon 7 of
ENPP], and Provean and Mutation-based bioinformatics analysis
suggested that this variant was likely a pathogenic mutation. No
mutation was identified in the ABCC6 gene. Based on the clinical
and genetic characteristics, this patient was finally diagnosed with
GACL

Discussion

GACI is a rare but life-threatening disease, secondary to ENPPI
(75%) or ABCC6 (9%-10%) mutations (3). To date, only
approximately 250 cases of GACI have been reported, with
vascular calcification being the earliest and most prominent
feature, which is often considered the most significant factor in
morbidity and mortality (4). GACI can occur prenatally and has
a mortality of approximately 55%; however, many children who
died in utero and shortly after birth have not been included in
this figure, giving an overestimation of the survival rate (5).

Inorganic pyrophosphate (PPi) is a potent calcification
inhibitor that acts as a physiological “water softener” by
preventing the formation and growth of hydroxyapatite crystals,
and ENPP1 forms adenosine monophosphate and PPi by
hydrolyzing extracellular adenosine triphosphate (6). Lack of
ENPPI results in decreased extracellular PPi, which is linked to
ectopic calcification, particularly in the elastic layer of the
endovascular lining, cartilage, and other soft tissues. A decrease
in plasma PPi levels to almost zero has been suggested to be a
potential cause of wvascular calcification in GACI (7). A
retrospective study by Ferreira et al. found a possible genotype-
phenotypic correlation in 55 patients with GACI in a multicenter
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+/-

FIGURE 2

(A) family history of the proband. (B) Sanger sequencing revealed a homozygous mutation (c.783C > G p.Y261X) of ENPP1 in the proband boy, originating
from his parents. (C) Normal protein structure; the black arrow represents the mutation site. (D) Structure of the mutated protein.
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genetics study: p.Pro305Thr in ENPPI was related to infant death
in five cases, but there was no significant genotype-phenotypic
correlation in the other subjects (8). Nitschke et al. found no
variants of ENPPI or ABCC6 in 22 patients in a retrospective
analysis of 92 patients, implying that other genes may be
involved in the onset of the disease.

Chong et al. reported 161 patients with GACI, of which 48%
developed the condition in utero or in the first few hours of life,
namely, “early onset,” and 52% developed the condition after
birth (median 3 months), namely, “late-onset” (9). The most
common presentations of “early-onset” GACI included fetal
hydrops, polyhydramnios, and fetal distress, while “late-onset”
GACI was usually asymptomatic in utero, but presented with
cardiovascular disease, respiratory distress, hypertension, and
feeding difficulties after birth. Early-onset GACI commonly
affects the hepatic arteries (81%), aorta (80%), and pulmonary
arteries (67%), whereas late-onset GACI predominantly affects
the coronary arteries (88%), renal arteries (55%), and pulmonary
arteries (49%). Nitschke et al. (10) retrospectively analyzed 92
cases of GACI that had been tested for ENPPI and ABCC6 and
found that calcification may involve extravascular sites, including
the myocardium, pancreas, liver, and kidneys, resulting in multi-
organ dysfunction. However, the aforementioned studies were
standardized data
collection, limiting the development of consistent management

conducted in multiple centers without

strategies for GACI due to critical knowledge gaps.

Frontiers in Cardiovascular Medicine

The most reported therapy is bisphosphonates, whose efficacy
has not been fully confirmed and for which clinical trials are not
feasible. ENPPI substitution is a potential therapy. ENPPI-Fc
replacement can prevent vascular calcification and reduce
mortality in mice with ENPP] variants (11), as well as lower the
blood pressure and improve heart function. Against this
backdrop, prospective and longitudinal studies on the natural
history of GACI are urgently needed to treat arterial calcification
to prevent early mortality.

Our patient, presenting with in utero hydrops fetalis, tricuspid
valve calcification, neonatal asphyxia, intracranial hemorrhage at
birth, refractory hypertension, HCM after birth, and extensive
calcifications of the bilateral iliac arteries, renal arteries, and
abdominal aorta, conformed to “early-onset” GACI Genetic testing
revealed a homozygous variation in ENPPI (c.783C>G). This
variation results in the deletion of the ENPPI protein from the 261
amino acid, Y261X, in the pathogenic form of PVSI, according to
ACMG (Figures 2C,D). The mutation has been reported in only
three Chinese patients, one with a homozygous variation in ENPPI
(c.783C>G) and the other two with compound heterozygous
mutations (12). Interestingly, the clinical phenotype of all three
patients was hypophosphatemic rickets, a skeletal mineralization
disorder characterized by excessive renal excretion of phosphorus,
resulting than GACL This
phenomenon was also found in the study of Rutsch et al.,, in which

in hypophosphatemia, rather

the proband had GACI caused by a homozygous variation in
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¢.2320C > T; however, his father, who had the same homozygous
variation, grew up with HR, not GACI (13). This suggests the
diversity of the clinical phenotypes in ENPPI mutations.

In conclusion, GACI has early-onset symptoms and a very poor
prognosis, and early diagnosis of GACI is very important. This report
enriches the clinical and genetic spectrum of GACI. Clinicians
should suspect GACI when children develop hypertension or
vascular calcification soon after birth (median time 3 months).
Imaging tests, such as magnetic resonance imaging and computed
tomography, as well as genetic testing should be performed.
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Giant right atrium in a child with
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report
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Dilated cardiomyopathy (DCM) is one of the leading causes of heart failure in
children with diverse clinical characteristics. To date, DCM with a giant atrium as
the first manifestation is rare and has not been reported in previous literature.
We report a case of a male infant born with a significantly enlarged right atrium.
Due to worsened clinical symptoms and the risk of arrhythmias and thrombosis,
we performed the surgical reduction of the right atrium. Unfortunately, DCM
and a progressive re-enlargement of the right atrium appeared during midterm
follow-up. The mother's echocardiogram also suggested DCM, and the patient
was eventually considered for a diagnosis of familial DCM. This case may
expand the clinical spectrum of DCM and reminds us of the importance of
good follow-up of children with idiopathic dilatation of the right atrium.

KEYWORDS

heart failure, right atrium, cardiomyopathy, pediatrics, cardiac surgery

Introduction

Dilated cardiomyopathy (DCM) is one of the leading causes of heart failure in children
with complex etiologies and diverse clinical manifestations (1). Marked enlargement of the
right atrium (RA) as the initial presentation of DCM has not been reported. Herein, we
report an infant born with a giant right atrium and developed DCM during midterm
follow-up.

Case report

We report the case of a male infant born from cesarean section after a normal pregnancy,
with an Apgar score of 10/10 at 1st and 5th minutes, respectively. His mother was a 28-year-
old, healthy, Gesta 2 para 2 woman who was presented for an obstetric ultrasound at 30
weeks of gestational age. An enlargement of the right atrium was noted. No other fetal
anatomic abnormalities were detected. After birth, the case was admitted to the cardiac
intensive care unit at the Qingdao Women and Children’s Hospital. Family medical
history was normal.

Heart rate, respiratory rate, blood pressure, and oxygen saturation on room air were
normal on admission. No cyanosis, heart murmurs, wheezing, or hepatomegaly were
present. Blood gas analysis, routine test, and liver and renal function were normal. The
patient’s and his mother’s erythrocyte sedimentation rate, antinuclear antibodies, and
extractable nuclear antigens were negative. N-terminal pro-brain natriuretic peptide
reached 2,035 pg/mL (reference ranges <125 pg/mL). Transthoracic echocardiogram
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FIGURE 1

At initial presentation: a dilated right atrium was noted in apical four-chamber view (A); chest radiography showed cardiomegaly with a CTR of 80% (B);
electrocardiograph showed sinus tachycardia, right axis deviation, and incomplete right bundle branch block (C). After surgical reduction, a slightly
enlarged right atrium and intact atrial septum (D), CTR decreased to 0.61 (E), and the atrial premature beat was detected (F). CTR, cardiothoracic ratio;

(TTE) showed a giant RA (50 mm x 48 mm) with normal right and  regurgitation, a pulmonary arterial systolic pressure (PASP) of 45
left ventricular volumes, a 15 mm secundum atrial septal defect =~ mmHg, and left ventricular ejection fraction (LVEF) of 65%
(ASD), the tricuspid annulus was 14 mm, slight tricuspid  (Figure 1A). The chest x-ray showed an enlarged heart, and the

FIGURE 2
H&E staining showing the pathological changes in myocardial tissues of the right atrium (A), right ventricle (B), and left atrium (C). TEM shows damage to

myofibrils and mitochondria in the right atrium (D), right ventricle (E), and left atrium (F). Scar bar: 1 um. Magnification: x25,000 and x20,000. TEM,
transmission electron microscopy.
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cardiothoracic ratio (CTR) reached about 0.80 (Figure 1B).
Electrocardiograph showed sinus tachycardia, right axis deviation,
and right bundle branch block (Figure 1C).
tomography angiography indicated abnormalities similar to TTE.

Computed

After extensive discussion, the initial diagnosis we considered
was idiopathic dilatation of the right atrium (IDRA). The patient
was discharged and followed up regularly every month in the clinic.

Clinical symptoms worsened during the patient’s follow-up,
such as feeding difficulty, shortness of breath, and growth
retardation. Considering the possibility of compression caused by
the enlarged RA and the risk of arrhythmias and thrombosis, we
performed the surgical reduction of RA at 3 months with
the
echocardiography and intraoperative findings confirmed the

consent  obtained from parents.  Transesophageal

10.3389/fcvm.2023.1083188

diagnosis of giant RA and ASD. Resection of extensive RA wall
and atrioseptopexy were performed. At surgery, biopsies of the
RA wall, right ventricle (RV) and left atrium (LA) revealed
unspecific inflammatory cell infiltration and various degrees of
focal myocardial hypertrophy and degeneration (Figures 2A-
2C). Transmission electron microscopy (TEM) demonstrated
damage to myofibrils and mitochondria, with a blurring of
mitochondrial cristae (Figures 2D-2F). The patient recovered
sufficiently post-operation. Repeat TTE showed a slightly
enlarged RA, atrial septum, and normal LVEF
(Figure 1D). Chest x-ray revealed a decreased CTR as 0.61
(Figure 1E). At l-year follow-up, there was a progressive

intact

enlargement of the RA (Figures 3A,B), and the patient remained
asymptomatic except for growth retardation. Unexpectedly, TTE

FIGURE 3

Changes in echocardiogram with follow-up time: parasternal long axis view indicated left ventricular end-diastolic dimension increased within 1, 2, and 5
years (A,C,E); apical four-chamber view showed an enlarged right atrium, the changes were not significant within 1, 2, and 5 years (B,D,F).
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FIGURE 4

Cardiac magnetic resonance showed an enlarged right atrium, left
atrium, and left ventricle; no typical manifestations of ventricular
myocardial fibrosis were detected. RA, right atrium; LA, left atrium; RV,
right ventricle; LV, left ventricle

2 years after epilepsy surgery demonstrated an enlarged left
ventricle (LV) with a left ventricular end-diastolic diameter
(LVEDD) of 40 mm, a giant RA (52 mm x 39 mm), a normal
PASP of 20 mmHg, and reduced LVEF of 55% (Figures 3C,D).
Anti-heart failure therapy was administered, including captopril,
diuretics, metoprolol, and acetylsalicylic acid. The patient had a
good condition at 5 years post-operation. The size of the RA and
LV did not change significantly, and the LVEF was about 50%
(Figures 3E,F). Cardiac magnetic resonance (CMR) showed
cardiomegaly at the expense of the right atrium with a decreased
LVEF of 45% and no typical manifestations of ventricular
myocardial fibrosis (Figure 4).

A genetic study showed a heterozygous missense Pkp2 variant
(c.2380T>G; OMIM: 609040; SCV 002576312) related to
right  ventricular (ARVC)
(Supplementary material S1). Further Sanger sequencing indicated

arrhythmogenic cardiomyopathy
that his mother presented the same variant in Pkp2; the variant was
classified as a variant of uncertain significance according to the
American College of Medical Genetics and Genomics (ACMG)
guidelines.  Although his mother was asymptomatic, her
echocardiography showed an enlarged LA and LV (LVEDD
55 mm), mild to moderate mitral regurgitation, and reduced LVEF
(48%) without other cardiac structural defects. Then, the mother
was diagnosed with DCM, and the diagnosis of familial DCM was
established based on the patient’s and his mother’s features.

Discussion

Giant RA is considered to be of congenital origin in the absence
of conditions such as congenital heart disease, pulmonary arterial
hypertension, or tricuspid valve disease. IDRA is the most
common disease mentioned in recent years due to a marked
enlarged right atrium, a congenital anomaly with unknown
etiology reported in fetuses, infants, children, and adults (2-4).
Most patients are asymptomatic, and the most common symptoms
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are palpitations, dyspnea, and syncope caused by atrial
tachyarrhythmias (2). The diagnosis of IDRA is usually established
with fetal echocardiography and transthoracic echocardiography,
and CT or CMR may be beneficial for a definitive diagnosis (2-4).
According to prenatal and postnatal imaging features, IDRA
should be considered as the primary disorder in our case. It is
important to note that IDRA may be accompanied by congenital
heart defects consisting of ASD (5). Our case also has a large
secundum ASD, which could have contributed to the enlargement
of RA. However, the recurrence of atrial enlargement after surgical
repair of ASD suggests that the effect of ASD on giant RA is
limited. The postnatal management of asymptomatic patients with
IDRA remains controversial. Indications for surgical reduction of
RA in children with IDRA have included right atrial thrombus
and atrial arrhythmias, as well as others, such as progressive
dilatation of the RA, concern about airway compression, and
severe tricuspid insufficiency suspected as Ebstein’s anomaly (6).
So far, many studies suggest that the long-term outcomes of
patients post-surgery are also contradictory. Although many cases
demonstrate that surgery may indeed relieve symptoms associated
with IDRA, some children still suffer the recurrent attack of giant
RA (4, 6). Unfortunately, the situation of our case also suggests
that the surgical indications for children with IDRA should be
more strictly controlled.

In patients with cardiomyopathy, huge atria are commonly seen
in restrictive cardiomyopathy (RCM), leading to a significant atrial
pressure increase due to limited ventricular diastolic function and
progressive atrial enlargement (7). The morphological definition of
RCM is
hypertrophied,

based on imaging features demonstrating non-
with marked bi-atrial

enlargement (7). Nevertheless, the findings are not consistent with

non-dilated ventricles,

the characteristics of RCM in this case but with the features of
DCM, such as LV dilation and poor cardiac systolic function.

Endomyocardial biopsy (EMB) is the gold standard method for
diagnosing acute or chronic inflammatory heart diseases and
enables the identification of the underlying etiology of cardiac
inflammation (8, 9). Although there are no structural or
functional changes in the heart chambers except RA in the early
stage of the disease in our case, it is worth noting that the
histological findings of damage to LA and RA were present. On
the other hand, early involvement of the LV cannot be ruled out
despite the absence of an LV biopsy. With the evidence of
inflammatory cell infiltration, the probability of inflammatory
disorders in the myocardium should still be considered (10).

The diagnosis of familial DCM is confirmed when two or more
first-degree relatives have “idiopathic” DCM and/or unexplained
death at a young age, and there could be an underlying genetic
etiology (11). The pathogenesis of genetically mediated DCM has
been associated with genes that encode components of the
cytoskeleton, sarcomeric proteins, and nuclear envelope proteins
(12). Recently, Pkp2 gene, encoding components of desmosomes,
has also been associated with different inherited cardiac
conditions, including ARVC and Brugada syndrome (13). Few
studies have suggested that Pkp2 can also lead to DCM and left
(14). these
associations do not prove causality between Pkp2 and DCM in

ventricular non-compaction (LVNC) However,
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our case, and further research should be conducted on the variant
we detected.

In summary, DCM with a giant atrium as the first
manifestation is an uncommon complex condition. Although the
etiology remains unclear, a key factor should contribute to this
unique phenotype. This case also reminds us of the importance
of good follow-up of children with IDRA, including those after
surgery. Further follow-up is needed for this case and his mother
to evaluate the prognosis of this phenotype in DCM.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by the ethics committee of Qingdao Women and
Children’s Hospital. Written informed consent to participate in this
study was provided by the participants’ legal guardian/next of kin.

Author contributions

BW, GS, and ZB acquired the clinical data. QX performed the
cardiac surgery. QZ performed the radiological analyses. BW and

References

1. Price JF. Congestive heart failure in children. Pediatr Rev. (2019) 40:60-70.
doi: 10.1542/pir.2016-0168

2. Hofmann SR, Heilmann A, Hausler HJ, Dihnert I, Kamin G, Lachmann R.
Congenital idiopathic dilatation of the right atrium: antenatal appearance, postnatal
management, long-term follow-up and possible pathomechanism. Fetal Diagn Ther.
(2012) 32:256-61. doi: 10.1159/000338661

3. Wagner N, Kagan KO, Abele H, Hoopmann M, Kaulitz R, Hofbeck M. Fetal
idiopathic dilatation of the right atrium. Ultraschall Med. (2011) 32:81-2. doi: 10.
1055/s-0028-1109998

4. Walter C, Bartrons J, Gémez O, Caffarena JM, Carretero JM. Idiopathic dilatation
of the right atrium: a not so benign entity. Cardiol Young. (2020) 30:919-22. doi: 10.
1017/51047951120001353

5. Venugopalan P, Jain R. Accidental detection of a giant right atrial aneurysm in an
asymptomatic infant. Acta Cardiol. (2002) 57:125-7. doi: 10.2143/AC.57.2.2005384

6. Forbes K, Kantoch MJ, Divekar A, Ross D, Rebeyka IM. Management of infants
with idiopathic dilatation of the right atrium and atrial tachycardia. Pediatr Cardiol.
(2007) 28:289-96. doi: 10.1007/s00246-006-0012-5

7. Muchtar E, Blauwet LA, Gertz MA. Restrictive cardiomyopathy: genetics,
pathogenesis, clinical manifestations, diagnosis, and therapy. Circ Res. (2017)
121:819-37. doi: 10.1161/CIRCRESAHA.117.310982

Frontiers in Cardiovascular Medicine

185

10.3389/fcvm.2023.1083188

GS interpreted the data and drafted the manuscript. ZL
contributed to the clinical design and study concept, and revised
the manuscript. All authors contributed to the article and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted
the of
relationships that could be construed as a potential conflict

in absence any commercial or financial

of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.
1083188/full#supplementary-material.

8. Tschope C, Ammirati E, Bozkurt B, Caforio ALP, Cooper LT, Felix SB, et al.
Myocarditis and inflammatory cardiomyopathy: current evidence and future
directions. Nat Rev Cardiol. (2021) 18:169-93. doi: 10.1038/s41569-020-00435-x

9. Li B, Lento PA, Pan S. Inflammatory cardiomyopathy: case-based review on
clinical presentation, diagnosis, and management. Cardiol Rev. (2021) 29:230-7.
doi: 10.1097/CRD.0000000000000369

10. Heymans S, Eriksson U, Lehtonen J, Cooper LT. The quest for new approaches
in myocarditis and inflammatory cardiomyopathy. J Am Coll Cardiol. (2016)
68:2348-64. doi: 10.1016/j.jacc.2016.09.937

11. Peters S, Johnson R, Birch S, Zentner D, Hershberger RE, Fatkin D. Familial
dilated cardiomyopathy. Heart Lung Circ. (2020) 29:566-74. doi: 10.1016/j.hlc.2019.
11.018

12. Khan RS, Pahl E, Dellefave-Castillo L, Rychlik K, Ing A, Yap KL, et al. Genotype
and cardiac outcomes in pediatric dilated cardiomyopathy. ] Am Heart Assoc. (2022)
11:€022854. doi: 10.1161/JAHA.121.022854

13. Novelli V, Malkani K, Cerrone M. Pleiotropic phenotypes associated with Pkp2
variants. Front Cardiovasc Med. (2018) 5:184. doi: 10.3389/fcvm.2018.00184

14. Ramond F, Janin A, Di Filippo S, Chanavat V, Chalabreysse L, Roux-Buisson N,
et al. Homozygous Pkp2 deletion associated with neonatal left ventricle
noncompaction. Clin Genet. (2017) 91:126-30. doi: 10.1111/cge.12780

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2023.1083188/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1083188/full#supplementary-material
https://doi.org/10.1542/pir.2016-0168
https://doi.org/10.1159/000338661
https://doi.org/10.1055/s-0028-1109998
https://doi.org/10.1055/s-0028-1109998
https://doi.org/10.1017/S1047951120001353
https://doi.org/10.1017/S1047951120001353
https://doi.org/10.2143/AC.57.2.2005384
https://doi.org/10.1007/s00246-006-0012-5
https://doi.org/10.1161/CIRCRESAHA.117.310982
https://doi.org/10.1038/s41569-020-00435-x
https://doi.org/10.1097/CRD.0000000000000369
https://doi.org/10.1016/j.jacc.2016.09.937
https://doi.org/10.1016/j.hlc.2019.11.018
https://doi.org/10.1016/j.hlc.2019.11.018
https://doi.org/10.1161/JAHA.121.022854
https://doi.org/10.3389/fcvm.2018.00184
https://doi.org/10.1111/cge.12780
https://doi.org/10.3389/fcvm.2023.1083188
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

:' frontiers ‘ Frontiers in Cardiovascular Medicine

'.) Check for updates

OPEN ACCESS

EDITED BY
Mingxing Xie,

Huazhong University of Science and
Technology, China

REVIEWED BY

Do Tin,

Ho Chi Minh City Medicine and Pharmacy
University, Vietham

Xiangbin Pan,

Chinese Academy of Medical Sciences and
Peking Union Medical College, China

*CORRESPONDENCE
Sisca Natalia Siagian
sisca.ped.car@gmail.com

SPECIALTY SECTION

This article was submitted to Pediatric
Cardiology, a section of the journal Frontiers in
Cardiovascular Medicine

RECEIVED 09 November 2022
ACCEPTED 03 March 2023
PUBLISHED 23 March 2023

CITATION

Siagian SN, Prakoso R, Mendel B, Hazami Z,
Putri VYS, Zulfahmi, Sakti DDA and Kuncoro AS
(2023) Transesophageal echocardiography-
guided percutaneous closure of multiple
muscular ventricular septal defects with
pulmonary hypertension using single device:

A case report.

Front. Cardiovasc. Med. 10:1093563.

doi: 10.3389/fcvm.2023.1093563

COPYRIGHT

© 2023 Siagian, Prakoso, Mendel, Hazami, Putri,
Zulfahmi, Sakti and Kuncoro. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Cardiovascular Medicine

Case Report
23 March 2023
10.3389/fcvm.2023.1093563

Transesophageal
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muscular ventricular septal
defects with pulmonary
hypertension using single device:
A case report

Sisca Natalia Siagian', Radityo Prakoso', Brian Mendel",
Zakky Hazami’, Valerinna Yogibuana Swastika Putri’, Zulfahmi’,
Damba Dwisepto Aulia Sakti* and Ario Soeryo Kuncoro®

Department of Cardiology and Vascular Medicine, Division of Pediatric Cardiology and Congenital Heart
Disease, National Cardiovascular Centre Harapan Kita, Universitas Indonesia, Jakarta, Indonesia,
2Department of Cardiology and Vascular Medicine, Sultan Sulaiman Government Hospital, Serdang
Bedagai, Indonesia, *Department of Cardiology and Vascular Medicine, National Cardiovascular Centre
Harapan Kita, Universitas Indonesia, Jakarta, Indonesia, “Department of Cardiology and Vascular
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Background: Surgery is typically used to correct challenging ventricular septal
defects (VSDs), such as VSD with pulmonary hypertension and multiple defects.
In this case report, we would like to highlight the feasibility of multiple defects
VSD closure with single device percutaneously using zero-fluoroscopy technique.
Case presentation: A 7-year-old child was referred with the main symptom of
shortness of breath. She started experiencing repeated respiratory tract
infections, feeding issues, and failure to thrive at the age of six months. Her
body weight was only 18 kg. TEE revealed several muscular VSD with 2-3 mm
and 12 mm diameters, 3 mm spacing between VSD, L to R shunt, AR (-), and TR
mild with septal leaflet tricuspid prolapse. Following right heart catheterization
(Qp:Qs 3.5, PVRi 5.23WUmsg, PVR 4.55 WU, PVR/SVR 0.16), we made the
decision to correct the defect using an Amplatzer Septal Occluder (AGA) No. 16
mm using transjugular method. Full device deployment was successfully
performed with several episodes of PVC storm and severe bradycardia. One and
a half years after the procedure, her TVG dropped to only 18 mmHg, her visible
indicators of PH subsided, and the PA dilator treatment was discontinued. Her
body weight had increased to 28 kg, and she had no complaints.

Conclusions: Our experience demonstrated that percutaneous closure of multiple
VSD with a single device is possible, even with pulmonary hypertension.

KEYWORDS

echocardiography-guided, muscular
transjugular

VSD, pulmonary hypertension, single device,
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1. Introduction

Surgery is typically used to correct ventricular septal defects
(VSDs), particularly in challenging cases like those involving
individuals with pulmonary hypertension and multiple defects. In
recent years, muscular VSD found in locations that are challenging
for surgeons to reach are often treated with transcatheter
percutaneous closure. However, multiple defects are often repaired
using multiple devices and are typically guided by fluoroscopy (1,
2). Eliminating radiation exposure during procedure is crucial
since fluoroscopy effects are cumulative and raise serious issues,
especially in the younger population (3). In this case report, we
would like to highlight the feasibility of multiple defects VSD
closure with single device using zero-fluoroscopy technique.

2. Case description

A 7-year-old child was referred with the main symptom of
shortness of breath one year prior to admission. She started
experiencing repeated respiratory tract infections, feeding issues,
and failure to thrive at the age of six months, although she was not
bluish. She received a pulmonary TB diagnosis and had 9 months
of therapy. She continued to report having dyspnea, and an
echocardiogram showed that she had multiple muscular VSDs with
a left-to-right shunt and pulmonary hypertension with a total
diameter of 1-1.4 cm. The results of a physical examination
revealed a heart rate of 115 beats per minute, a respiratory rate of
21 breaths per minute, and a room air oxygen saturation of 98%.
Her height was 122 cm, and her body weight was 18 kg. Regular
first and second heart sounds were audible during auscultation, as
well as a loud intensity holosystolic murmur grade 3/6 in the lower
left sternal border. The patient had a D-shaped LV and severe PH
with a TVG of 69 mmHg and a transVSD gradient of 15 mmHg.

We chose to use the jugular vein approach to accomplish
percutaneous transcatheter VSD closure. Preprocedural 98%; patient
underwent general anesthesia. The patient was intubated using ETT
No. 55% and 30% FiO2. 100% post-intubation saturation TEE
revealed several muscular VSD with 2-3 mm and 12 mm
diameters, 3 mm spacing between VSD, L to R shunt, AR (-), and
TR mild with septal leaflet tricuspid prolapse. (Figure 1A). The
decision was made to catheterize the right heart. The right femoral
artery of the patient was punctured, and the patient then inserted a
4F sheath, heparin 1.000 IU, and MP sidehole 5F catheter. The
right jugular vein was punctured; the MP sidehole was 5F and the
sheath 6F was used. Following right cardiac catheterization (Qp:Qs
3.5, PVRi 523WUmsq, PVR 4.55 WU, PVR/SVR 0.16), we made
the decision to correct the defect using an Amplatzer Septal
Occluder (AGA) No. 16 mm using transjugular method. Through
the muscular VSD, a 5F MP sidehole diagnostic catheter was
introduced under the direction of transesophageal echocardiography
(TEE). A 5F MP sidehole diagnostic catheter was introduced under
the direction of transesophageal echocardiography (TEE) from
SVC, RA, RV and LV through muscular VSD (Figures 1B-D).
Using 0.035” Amplatzer stiff wire, we change to 8F delivery sheath
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(Figure 1E). Full device deployment was successfully performed
with several episodes of PVC storm and severe bradycardia
1F-H).
complications before, during, and after deployment of the occluder

(Figures Echocardiography  evaluation showed no
device (Figure 1H). Her symptoms and appetite steadily improved
a week after the operation. She was able to engage in moderately
intensive activities three months after the treatment without
experiencing any discomfort.

Her TVG was 60 mmHg and 50 mmHg six months and one
year after the procedure, respectively, with still visible evidence of
PH. However, 1.5 years after the procedure, her TVG dropped to
only 18 mmHg, her visible indicators of PH subsided, and the
PA dilator treatment was discontinued. Her body weight had
increased to 28 kg, and she had no complaints. The patient’s

ECG showed sinus rhythm during our most recent clinic visit.

3. Discussions

3.1. Management of ventricular septal
defect with pulmonary hypertension

The care of patients with PAH-CHD depends heavily on
behavioral change and identification of relevant risk factors.
According to knowledge provided, patients with PAH-CHD who
are functional class III begin treatment with the endothelin
receptor antagonist bosentan (class I, level of evidence B). In
contrast to placebo, bosentan significantly improved exercise
capacity, haemodynamics, and functional class in the BREATHE-
5 (Bosentan Randomised Trial of Endothelin Antagonist-5) trial
and its long-term open label extension research, regardless of the
location of septal defects (4-6).

In patients with PAH-CHD, sildenafil therapy has been
demonstrated to enhance exercise capacity, Borg dyspnoea score,
functional class, quality of life, and hemodynamics. When symptoms
persisted despite taking the maximum amount of medication, as we
did in this patient, right cardiac catheterization should be carried out
to determine whether shunt closure is appropriate (4, 6).

The ESC (European Society of Cardiology) 2022 guidelines
recommend shunt closure in individuals with a pulmonary-
systemic flow ratio greater than 1.5:1 based on estimated
pulmonary vascular resistance. When PVR is less than 3 WU
and when PVR is between 3 and 5 WU, VSD closure is advised.
After thorough assessment in a specialized facility, shunt closure
may be taken into consideration in patients with PVR>5 WU
(6). As a result, we chose to treat on this patient’s VSD.

3.2. Strategy for multiple ventricular septal
defect closure

The apical, central, or outflow regions of the interventricular
septum are the most common locations for muscular ventricular
septal defects (VSDs). Up to 20% of VSDs in babies are
muscular VSDs, which can have several occurrences and take on
a “Swiss cheese” appearance (1, 2, 7). The VSD in our instance
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Tllustration

Echocardiography

Pressure tracking

FIGURE 1

Antegrade jugular vein approach in multiple-defect muscular VSD closure with pulmonary hypertension. (A) Multiple VSD. (B) 5F sidehole Multipurpose
catheter was directed from SVC towards RA. (C) Catheter was then directed towards RV. (D) The catheter successfully crossed from RV into LV. (E) With
the assistance of 0.035" Amplatzer stiff wire, the catheter was changed with 8F delivery sheath. (F) The Amplatzer device occluder (AGA) No 16 mm was
delivered and one of the disc was deployed in the LV side, (G) and RV side. (H) Device stowed in place; Red arrowhead showed the position of the
catheter, green arrowhead showed the position of the delivery sheath. Notes: VSD, ventricular septal defect; SVC, superior vena cava, RV, right

ventricle; LV, left ventricle; RA, right atrium; LA, left atrium.

was situated mid-apical. In our institution, surgery is typically used
as a method of multiple VSD defect repair. However, it was
determined during the surgical discussion that the defect could
be closed percutaneously. We are only authorized to use one
device per interventional operation at our hospital due to
legislation. There is no agreement on the maximum diameter at
which a single device could close numerous VSD faults at the
moment. For atrial septal defects, If the distance between defects
is smaller than 0.5 or 0.7, only one device needs to be used (2).
As the abnormalities in the IVS are more posteriorly
positioned, we attempted to operate through the jugular vein
route to reduce curvature of the delivery sheath and eliminate
resistance across the septum. This patient’s jugular vein
technique also provided a more direct route to the problem. It is

Frontiers in Cardiovascular Medicine

also possible to approach the deficiency from the transfemoral
side, although this method carries a higher risk because it is
more complicated, sinuous, and difficult to traverse to the mid-
apical position of the defect.

Delivered through the sheath, the multipurpose catheter and
guidewire was then moved to the right ventricle via the tricuspid
valve and readjusted with its top facing the VSD. The guidewire
was gently moved and adjusted to the left ventricle via the VSD
utilizing transesophageal echocardiography (TEE)-guided only.
Since the patient was young and just 18 kg in weight, the 5F
sheath expander needed to be removed gradually while the sheath
was inserted into the conduit to prevent heart injury. To prevent
harming nearby intracardiac structures, the sheath shouldn’t be
put straight and should instead be inserted about 3 to 5 cm deep.
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Patients with perimembranous VSD utilize a different type of
closure device than those with muscular VSD. For this patient, we
utilized the Amplatzer Septal Occluder (AGA) No. 16 mm device
because a sufficient size for a muscular VSD device was not
available at the time of the procedure. We also chose Amplatzer
Septal Occluder (AGA) since the retention disc is larger and could
cover both defects with a 3 mm gap. We chose device no. 16 mm
since there were two defects, and we expect that the device will
cover both defects as well as the gap between them.

It is challenging to complete the closure process for a patient who
has a defect adjacent to the apex since the insertion of the occluder
necessitates the catheter bevel. Hemolysis that is brief and self-
contained has been demonstrated by (8) Santos et al. (2018). Both
perimembranous and muscular VSD that were treated with
Amplatzer Septal Occluder (AGA) had a lower risk of total AV
block (9); however, in our instance, some PVC storms and severe
bradycardia transiently occurred after the defect closure. We
suspected that several PVC storms and bradycardia episodes in our
patient were caused by pulmonary hypertension rather than by the
device. As we know, the most common arrhythmia complications
caused by device closure are AV block and bundle branch block.
We also saw no conduction abnormalities until the current follow-
up, so we believe the issues were not caused by the device.

Patients with numerous VSDs frequently experience residual
shunt because a proper occluder size is necessary to completely
cover the defect. As a result, the type and placement of the
occlusion should be carefully chosen based on the specific
After the
displayed no symptoms of a residual shunt. Our post-procedural

circumstances. treatment, our patient, however,
echocardiogram also revealed that the mitral and tricuspid valves
were not damaged, as predicted when we selected and estimated
the distance between the device, and the interventricular septum

that would be covered by the device.

3.3. Feasibility of transesophageal
echocardiography-guided closure

Even though ALARA (as low as reasonably achievable)
principle is used, it would be preferable to completely eliminate
radiation exposure risks for both the operators and the patient.
In our facility, the technique would be carried out initially
without any fluoroscopy, or if the echocardiography window was
insufficient intraprocedurally, the technique would be converted
to the standardized fluoroscopy process (1, 3, 10, 11).

As far as we know, fluoroscopy may cause certain long-term,
delayed negative effects, particularly in children and newborns.
Over the years, there have been more reports of skin injuries, such
as redness, necrosis, and ulceration, which can be painful and
disabling. There has also been an increase in the likelihood of
developing neoplasms, radiation-induced cataracts, and hair loss (3).

In this instance, the finding of the VSD from the jugular
approach is simple and is followed by a cross to the LV to close
the defect after the patient has been intubated and is being seen
with TEE. In our scenario, a fluoroscopy-guided operation is also
possible, but since there are two defects, a TEE could provide a
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superior image. With TEE, we could instantly see the position
and visualize it. Therefore, if there were multiple defects, we
would prefer to advise using TEE directed. The shape and
diameter of the VSD may be estimated with precision using TEE.
When employing TEE, the danger of oesophageal trauma and
erosion should be taken into account (1, 3, 10, 11).

4. Conclusions

Our experience demonstrated that percutaneous closure with a
single device is possible to carry out successfully even in multiple
VSD defects accompanied by pulmonary hypertension. However,
the cardiac team should think about a more direct strategy to
lower the danger and they should pick the patient carefully in
with multiple defects should be
percutaneously or surgically.

which  patient done
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