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Chromosome 17p13.3 microduplication syndrome is considered a multisystem disorder

that results in a wide variety of clinical manifestations including dysmorphic facial

characteristics, brain structural malformations, developmental restriction, growth

restriction, and neurocognitive disorders. The two major classes of chromosome

17p13.3 microduplication, which have different clinical presentations, are associated with

specific genetic regions. Among the various known phenotypes, scattered cases with

congenital heart disease (CHD) have been reported for both classes of chromosome

17p13.3 microduplication syndrome. Unfortunately, there is insufficient understanding of

the correlation between chromosome anomaly induced alterations in gene expression

and aberrant cardiac development, and thus early diagnosis of CHD among patients

with chromosome 17p13.3 microduplication is difficult without routine prenatal cardiac

assessment. One such congenital heart anomalies known to affect a substantial number

of newborns worldwide is ventricular septal defect (VSD), which has been found in

17p13.3 microduplication carriers, and seems to sometimes undergo spontaneous

closure. We report an unprecedented case of moderate sized perimembranous-outlet

VSD and congestive heart failure (CHF) in a Chinese Han male infant with a class II

chromosome 17p13.3 microduplication. Despite the fact that cytogenic testing and fetal

echocardiography confirmed a 249-Kb chromosome duplication within 17p13.3 that

encompassed the PAFAH1B1 gene and showed the presence of VSD during prenatal

period, this patient still developed a range of symptoms including sustained prolonged

feeding, dyspnea, diaphoresis and retarded growth. A physical examination indicated

hepatomegaly and a grade III/VI pan-systolic murmur along the left upper sternal border.

Laboratory testing showed a high serum pro–B-type natriuretic peptide (pro-BNP).

Imaging studies revealed cardiomegaly and a persistent VSD with related pulmonary

stenosis. Since the clinical findings were compatible with CHF, we provided mainline
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treatment with digoxin, captopril, and furosemide, as well as fluid restriction. Despite

sustained poor weight gain, the feeding behavior and the respiratory conditions of the

patient improved gradually. This case report and literature review suggest that patients

carrying chromosome 17p13.3 microduplication who have VSD may have an increased

risk of developing CHF as young infants and hence a comprehensive cardiac evaluation

is warranted to allow the early diagnosis and management of any severe heart anomalies.

Keywords: congenital heart disease, congestive heart failure, chromosome 17p13.3 microduplication, microarray

comparative genomic hybridization, ventricular septal defect

INTRODUCTION

17p13.3 microduplication syndrome, which seem to be created
by non-allelic homologous recombination, is a rare genetic
disorder and only 40 cases have been documented since it
was first reported in 2009 (1, 2). Microduplications affecting
17p13.3 are categorized into two classes according to the
affected genes within the duplication (3). In contrast to
the absolute absence of PAFAH1B1 duplications in class I
17p13.3 microduplications, an amplified PAFAH1B1 gene and
the possible concurrent duplication of the YWHAE gene or
the CRK gene within the 17p13.3 region have been found in
class II 17p13.3 microduplications (3). Class I microduplications
are associated with learning disabilities, autism, overgrowth
tendency, facial dysmorphism, and developmental delays (1,
3, 4). Class II microduplications otherwise lead to mild brain
malformations, hypotonia and developmental delays (1, 3,
4). Despite early identification of this rearrangement being
possible using advanced cytogenetic analysis techniques such as
microarray comparative genomic hybridization (aCGH) (5, 6),
a comprehensive understanding of all the clinical presentations
brought about by chromosome17p13.3 microduplication and
their genotype-phenotype correlations are lacking. This has
limited the development of effective treatments. CHD in
patients carrying chromosome 17p13.3 microduplication is
particularly under-recognized due to its sporadic nature and
poor in-depth descriptions of relevant cardiovascular evaluation
details (5, 7).

CHD is one of the most commonly diagnosed congenital
disorder and detrimentally impacts the health of 0.8% of

live births worldwide (8, 9). Among the various types of

CHDs, VSD accounts for a large proportion of congenital

heart malformations (up to 40%), and has been reported

to have a prevalence of 5.3% among newborns based on

color doppler echocardiography (10). It is well-established that

many VSD patients are asymptomatic and that their cardiac

defect spontaneously closes without long-term effects (10).

Nevertheless, because pulmonary vascular resistance during

the early neonatal period is diminished, infants with non-
restrictive VSDs can develop CHF due to persistent excessive
pulmonary blood flow via the left-to-right interventricular shunt
(10). This can lead to mortality unless there is timely surgical
intervention (11).

We report a 2-month-old Chinese male infant with de novo
microduplication of 17p13.3 encompassing PAFAH1B1 who

presented with feeding difficulties and restricted growth. In
addition to a pansystolic murmur and hepatomegaly, laboratory
tests and an echocardiogram showed elevated pro-BNP and
a moderate-sized perimembranous-outlet VSD with related
pulmonary stenosis. Our patient demonstrated a quite severe
cardiac defect complicated by CHF. This is the first such reported
case in an Asian population. We present this case to raise
clinical awareness and broaden our understanding of the severe
heart anomalies that occur in patients carrying a chromosome
17 microduplication.

CASE PRESENTATION

A 2-month-old male infant was admitted with frequent
vomiting during feeding, diaphoresis and dyspnea with subcostal
retractions for 2 weeks. The patient had been bottle-fed with
formula milk per feed (120ml) four times daily (total fluid
129 ml/kg/24 h), and had received all appropriate vaccinations.
However, prolonged feeding (more than 1 h per meal), with
dysphagia and intermittent vomiting, and a decreased urine
output with reddish-orange staining on diapers, had been
present for about 2 weeks. The second child of non-
consanguineous healthy Han Chinese parents, he was born
at full term by vaginal delivery (Apgar scores of 8 and 9 at
1 and 5min, respectively). His birth weight was 3,140 gm
(10th−50th percentile), his height was 47.5 cm (10th−50th
percentile), and his occipital frontal circumference was 35.5 cm
(>90th percentile).

His mother, a 34-year-old multigravida, had been diagnosed
with hyperthyroidism before pregnancy and had been treated
with propylthiouracil 50mg once daily. Both the father and the
older sister of the patient were healthy. After being informed of
a 1 in 61 chance of having a baby with Down syndrome based
on her maternal serum screening, his mother had undergone
amniocentesis at week 19 of gestation. The G-banded karyograms
of the patient were normal (46 XY), however cytogenetic analysis
of the fetal DNA by aCGH revealed a 0.249-Mb duplication
on chromosome 17p13.3 [arr 17p13.3 (2,339,561–2,588,655)×3]
that encompassed PAFAH1B1, but not another candidate gene
YWHAE (Figure 1A). Since oligonucleotide-based microarray
analyses of both his parents gave normal profiles (Figures 1B,C),
de novo chromosomal rearrangement was likely to be the cause
of the chromosome 17 microduplication. Fetal MRI performed
at week 28 of gestation revealed no significant abnormalities,
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FIGURE 1 | Array CGH analyses of chromosome 17 of the patient and his parents. (A) Array CGH detected a gain of 0.249Mb (approximately log2 1.5-fold increase)

at chromosome 17p13.3 (2,339,561–2,588,655) in the patient. Increased relative fluorescence intensities are shown for a total of 29 labeled DNA probes (represented

as the blue-colored dots). The duplicated chromosome region harbors PAFAH1B1, while another two candidate genes associated with chromosome 17p13.3

microduplication syndrome, namely YWHAE and CRK, have a normal copy number (the three candidate genes are marked by the red square frames). (B,C) The same

genomic region (indicated by red arrows) of the patient’s parents were essentially normal. Duplicated circular binary segmentation algorithms, consisting of the

genomic position and the log2 copy number ratio, were plotted using Agilent CytoGenomics Software Version 1.5. Arabic numerals on the horizontal axis denote the

log2 copy number ratio (from log2 ratios −4 to +4).

whereas a fetal cardiac anomaly scan at week 34 of gestation
found a 0.3-cm VSD.

The patient was born at 39 + 2 weeks of gestation via
spontaneous vaginal delivery without fetal distress, and no
obvious facial dysmorphism was documented in the newborn

physical examination. After birth, due to shortness of breath
with oxygen desaturation (SpO2 85–90%) during feeding, the
patient was admitted to neonatal intensive care for empirical
antibiotic treatment under suspicion of neonatal sepsis. We
discontinued antibiotics after two blood cultures separated by
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FIGURE 2 | Anterior and lateral views of the patient’s face (A,B) revealing

dolichocephaly, a down-turned mouth (indicated by the white arrow), a

triangular face and diaphoresis on the forehead.

48 h were negative. Cardiac sonography was performed and this
detected a perimembranous-outlet type VSD. After discharge,
digoxin therapy at 4.5 mcg/kg twice daily was initiated and
the patient was regularly followed-up at an outpatient pediatric
cardiology clinic.

The physical examination on admission showed a blood
pressure of 86/47 mmHg, a respiratory rate of 49/min, a
heart rate of 147/min, and a body temperature of 37.1◦C.
Notwithstanding, his body weight and height were below
the 10th percentile of the same age group (body weight
3.71 kg, and height 54 cm). Moreover, the patient presented
with dysmorphic facial features, including dolichocephaly, a
down-turned mouth, and a triangular face (Figures 2A,B).
Cardiac auscultation and abdomen palpitation revealed a
grade III/VI pan-systolic murmur over left upper sternal
border and hepatomegaly at 2.5 finger-breaths below the
costal margin. Otherwise, no significant developmental delay or
neurobehavioral abnormalities were found.

Serum laboratory testing revealed elevated pro-BNP
(3,119 pg/ml, reference range 5–1,121 pg/ml) without
electrolyte imbalance. Chest radiography showed cardiomegaly
(cardiothoracic ratio 0.66) and pulmonary congestion
(Figure 3A). An echocardiogram on admission identified a
perimembranous-outlet VSD (0.471 cm) with related pulmonary
stenosis and a dilated left-sided heart with mild-to-moderate
mitral valve regurgitation (Ejection Fraction 86.4%, and
Left Atrial to Aortic Root Ratio 1.84) (Figures 4A,B). Brain
malformations may exist in patients carrying chromosome
17p13.3 microduplications, and therefore cranial sonography
was performed. This showed subtle corpus callosum hypoplasia
(Figure 3B). Furthermore, abdomen sonography excluded
infantile hypertrophic pyloric stenosis, a likely cause of an
infant presenting with frequent vomiting, lethargy and body
weight loss.

To strike a balance between fluid overload control and
adequate nutrition supplementation, we gradually titrated the
amount of formula milk fed to the patient (30 kcal/ounce) until

his daily caloric intake reached 150 kcal/kg/day, while at the same
time the daily total fluid amount given to the patient was limited,
to not exceeding 150 mg/kg/day. An oral form loop diuretic,
furosemide (2mg/kg/dose), was given to the patient twice daily in
order to maintain an adequate urine output of 2 ml/kg/hr. Heart
failure medications, including digoxin (4 mcg/kg/dose) and
captopril (0.2 mg/kg/dose), were given to the infant twice daily.
In addition, we used domperidone (0.25 mg/kg/dose) every 8 h to
provide relief from vomiting and reduced difficulty with feeding.
During admission, plasma levels of pro-BNP and electrolytes,
as well as chest radiography images, were obtained regularly
to evaluate the efficacy of the anticongestive treatment. Despite
sustained perihilar infiltrates and an increased cardiothoracic
ratio, as shown in chest x-ray images, the heart failure symptoms
improved gradually and were accompanied by clinical evidence
of an alleviation of the patient’s dyspnea. There was also a
gradual improvement in both oral intake and urine output,
together with a steadily decrease in plasma pro-BNP and an
absence of electrolyte imbalance. Repeated echocardiograms after
treatment revealed that the size of the VSD was unchanged
at 0.471 cm, and this was accompanied by a subtle decrease
in the left atrial to aortic root ratio (Ejection Fraction 85%,
LA/Ao 1.5). An intramuscular palivizumab injection was given
once per month to prevent respiratory syncytial virus infection.
Developmental delay among patients carrying a chromosome
17p13.3 microduplication is common and therefore we consulted
a pediatric neurologist. No marked abnormalities were noted
after stringent evaluation.

The patient was discharged from the hospital given the
refusal of surgical intervention by his mother. Nevertheless, his
mother changed her mind shortly after, and therefore the infant
underwent surgical closure of the VSD at another medical center
in Northern Taiwan. According to his mother, the infant was in
a stable condition after the operation. He is 7-month-old now
and is regularly followed up at the pediatric cardiology/neurology
outpatient department without any report of development delay.

DISCUSSION

Among a wide spectrum of phenotypes, congenital heart disease
is rare for both classes of chromosome 17p13.3 microduplication
syndrome (5). Specifically, reports have identified patent ductus
arterious, mitral valve prolapse, aortic dilation and aortic
stenosis as common among class I 17p13.3 microduplication
carriers, while patient foramen ovale and spontaneously closing
VSD have been identified among class II individuals (4, 5,
7, 12). Cytogenetic testing of probands and their parents has
proved that these gene amplifications usually originate by
de novo chromosomal rearrangement, including ours. In our
case the amplification is a plausible cause of this patient’s
CHD (2). Notably, distinct from spontaneously closing VSD,
which was asymptomatic in the case described by Avela et
al. (7), it is unprecedented that our patient, with the smallest
duplicated chromosome fragment of all existing cases, should
suffer from a non-restrictive VSD and then subsequently
develop CHF.
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FIGURE 3 | Imaging studies. (A) The chest radiography revealed cardiomegaly and pulmonary congestion. (B) A sagittal view using brain sonography showed a

subtle hypoplasia of the corpus callosum (indicated by the white arrow).

FIGURE 4 | Two-dimensional echocardiogram. (A) This apical four-chamber view shows dilation of the left ventricle and atrium. (B) This parasternal long-axis view

demonstrates a non-restrictive perimembranous-outlet type VSD sized 0.471 cm (indicated by the left white asterisk) and moderate mitral valve regurgitation (indicated

by the right white asterisk). LV, left ventricle; RV, right ventricle; LA, left atrium; RA, right atrium.

Distinct from the signs and symptoms of heart failure
in adults, infants with CHF suffer from fatigue, difficulty
in feeding, shortness of breath, diaphoresis, retarded growth
and retarded development (13–15). Physical findings may
include tachypnea or dyspnea with grunting and retractions,
tachycardia, a gallop rhythm and hepatomegaly (13, 16).
Electrocardiogram and chest X-ray images can exclude cardiac
arrhythmia and provide evidence supporting CHF, including
cardiomegaly (cardiothoracic ratio > 0.6 cm on a posterior
anterior film), pulmonary edema and pleural effusion (14, 17).
B-type natriuretic peptide (BNP) and N-terminal pro BNP assays
are widely used and have the clinical benefit of excluding non-
cardiac causes of respiratory symptoms and fluid retention, of
assessing treatment efficacy, of predicting future hospitalization
and of pinpointing mortality risk (18–20). Cardiac troponin
I and T are also useful biomarkers that can reflect myocyte
injury, but they are less specific to heart failure because elevated
cardiac enzyme levels are often present in other clinical scenarios
including myocarditis or ischemic heart disease (13, 14).

Monitoring of electrolyte levels, liver function and renal function
are crucial for identifying impairment of vital organs due to
poor perfusion; they and can serve as indicators during diuretic
dose adjustment (14). Additionally, a complete blood count and
thyroid function testing may reveal the presence of aggravating
factors for heart failure, including anemia, hyperthyroidism or
hypothyroidism (14). Both the clinical symptoms and objective
findings of our patient were consistent with CHF; it should be
noted that electrolyte imbalance and/or vital organ impairment
were not present on admission.

Neonates with CHDs, including VSDs, complete
atrioventricular canal defects, patent ductus arteriosus and
aortoepulmonary windows, are susceptible to develop CHF
when a persistent left to right shunt and increased pulmonary
blood flow due to reduced pulmonary resistance are present
(10, 14). Nevertheless, the correlation between chromosomal
duplication and cardiac structural abnormalities remains unclear
given the low number of confirmed cases. Based on various
studies, involving animal models, we suggest that alterations
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in the expression of YWHAE and PAFAH1B may result in a
genetic predisposition toward heart failure among 17p13.3
microduplications carriers (21–26).

Both trabeculation and compaction are essential processes
during cardiogenesis (27). The trabecular myocardium makes
up the majority of the embryonic ventricles initially, and
a gradual replacement of the myocardial trabeculum by
a compact myocardium occurs during the later stages of
heart development (21, 27, 28). Mutation of genes regulating
ventricular growth and maturation seem to lead to CHD and
even heart failure (28). Previous studies have shown thatYWHAE
encodes 14-3-3ε, a protein that specifically binds to ubiquitous
phosphoserine/threonines and is crucial for promoting human
endothelial cell survival and regulating ventricular myocardium
compaction. It has been shown to do this in a mouse model
by modulating the cardiomyocyte cell cycle (21, 22). In Kosaka
et al., which explored heart development in mice carrying a
homozygous 14-3-3ε deletion, similar histological characteristics
to left ventricular non-compaction cardiomyopathy in humans
were found. Furthermore, it was shown that defective 14-
3-3ε functioning is detrimental to interventricular septum
maturation resulting in concomitant VSDs in ∼60% of 14-
3-3ε-null mice (21). Despite an unclear role for the 14-
3-3ε protein in ventricular morphogenesis, the presence of
cell cycle arrest, was detectable. This was associated with
upregulation of the G1/S phase transition inhibitor p27Kip1
and downregulation of cyclin E1 in the 14-3-3ε-deficient
cardiomyocytes, providing a tentative explanation for the
phenotype (21).

PAFAH1B1 is another candidate gene that has been postulated
to impact cardiovascular maturation and this seems to occur via
regulation of cardiac-specific microRNAs. The protein encoded
by PAFAH1B1, platelet-activating factor acetylhydrolase IB
subunit alpha, ensures appropriate cell migration by stabilizing
dynein-dependent microtubule dynamics (29). Rao et al.
demonstrated that cardiac-specific deletion of the miRNA-
processing enzyme Dicer results in dilated cardiomyopathy
and premature death (23). Furthermore, microRNA-125b, a
cardiomyocyte maturation inducer, seems to protect murine
cardiac myocytes against myocardium ischemia/reperfusion
injury by suppressing the pro-apoptotic genes p53 and Bak1
(24). Moreover, defective mitochondrial morphology and
dysregulation of fatty acid metabolism were found to be present
in the hearts of miR-125b-1 knockout mice resulting in cardiac
hypertrophy and high prenatal lethality (25). Intriguingly,
in addition to the identification of PAFAH1B1 as a target
of miR-139-5p by proteomics analysis, the expression of
Pafah1b1 protein is known to be upregulated after inhibition of
microRNA-125b (25, 26). While the direct influence of Pafah1b1
protein on cardiovascular development remains open, the
aforementioned findings imply that it potentially can hamper
normal cardiac morphogenesis. The aCGH analysis carried
out on our patient only showed the presence of a PAFAH1B1
amplification and confirmed that the YWHAE gene had a normal
copy number. We hypothesize that the CHF symptoms, which
originated from non-restricted VSD, may be aggravated by
17p13 microduplications encompassing PAFAH1B1. This seems

to result in an increased susceptibility to cardiac hypertrophy
and thus compromised cardiac energy production.

Apart from influencing cardiomyocyte maturation, increased
expression of PAFAH1B1 and its protein LIS1 have been shown
to induce subtle brain malformations, to retard growth and
to cause moderate/severe developmental delay (4). Among the
documented brain abnormalities in patients with class II 17p13.3
microduplication syndrome, a significant number of cases have a
hypoplastic/dysplastic corpus callosum, a smaller occipital cortex
and a mild cerebellum volume loss (1, 4). Mild corpus callosum
hypoplasia was detected in our patient by cranial ultrasound
imaging rather than more widely used brain MRI (1, 4, 7, 12),
regular neurological assessments of similar cases is suggested.

The facial characteristics present in this case are somewhat
similar to the ones described in another patient with class
II 17p13.3 microduplication (7). Nevertheless, it remains
challenging when trying to differentiate the two classes of 17p13.3
microduplication syndrome based on dysmorphic facial features
because there are several unsolved problems. Firstly, subtle facial
dysmorphism tends to be misrecognized/neglected when an
experienced clinical geneticist is not available; therefore whether
existing reports describe accurately the facial characteristics of
each patient is uncertain. Secondly, despite the fact that prior
studies have shown a strong correlation between dysmorphic
facial traits and changes affecting the YWHAE/CRK genes
(3, 5, 30, 31), evidence confirming the genetic impact of
PAFAH1B1 amplification and a normal YWHAE genotype on
the facial development of patients remains lacking. Further
investigations are required to decipher the causative factor(s)
behind facial dysmorphism in patients with chromosome
17p13.3 microduplication.

In conclusion, we describe for the first time a case involving
a Chinese Han male infant with a class II chromosome
17p13.3 microduplication who developed non-restrictive
VSD and significant CHF. In addition to the previously
identified phenotypes associated with chromosome 17p13.3
microduplication, including brain structural anomalies and
facial dysmorphism, pediatricians should be aware of the
possibility of severe heart structural defects and related
complications when patients carry 17p13.3 microduplications.
Moreover, the present case highlights the role of aCGH in
detecting chromosomal anomalies in fetuses with CHD, for
those patients have been shown to carry a higher risk of
additional extracardiac malformations (32). Compared with
conventional karyotyping, high resolution aCGH enables more
accurate detection of copy number variants within the genome
(32). The case report also echoes the comments made by
Ho et al., who emphasized the importance of comprehensive
non-invasive cardiac evaluations when patients have a 17p13.3
microduplication (5). There has been increased application of
early diagnosis by prenatal cytogenetic analysis and fetal cardiac
ultrasound scanning is now more common. This meant that
our patient received timely treatment and did not undergo
progressive deterioration of his heart and possible heart failure.
This case report broadens our understanding of congenital heart
disease among chromosome 17p13.3 microduplication carriers,
while at the same time emphasizing the need for additional
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research to unravel the underlying pathogenesis associated with
chromosome 17p13.3 microduplications.
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