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Congenital defects/diseases

The pulmonary hypoplasia/agenesis, diaphragmatic hernia/eventration, anophthalmia/microphthalmia, and car-
diac defect (PDAC) syndrome is a rare medical condition presumably of autosomal recessive way of inheritance
with only a few reported cases. Recessive mutations in the STRA6 and both recessive and dominant mutations
in RARB gene have been identified as the cause of anophthalmia/microphthalmia and other abnormalities in-
cluded in the PDAC spectrum. However, those mutations have not been found in all PDAC syndrome cases re-
viewed from the literature.

We report a case of a full-term living male infant with pulmonary hypoplasia, left diaphragmatic eventration,
bilateral microphthalmia, congenital cardiac defects, and severe pulmonary hypertension.

The main feature in the reported cases was anophthalmia/microphthalmia. Therefore, screening for the other
associated congenital anomalies is highly suggested. Mutations in STRA6 and RARB genes are commonly en-
countered in this spectrum. However, whole exome sequencing of suspected cases and their parents is recom-
mended to detect possible de novo mutations. Further reports are needed to identify risk factors and progno-
sis of this rare syndrome.

Anophthalmos ¢ Diaphragmatic Eventration ¢ Heart Defects, Congenital ¢ Lung Diseases
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Background

The PDAC (pulmonary hypoplasia/agenesis, diaphragmatic
hernia/eventration, anophthalmia/microphthalmia, and car-
diac defect) syndrome or as it has been previously known as
the Spear or Mathew-Wood syndrome [1], is currently called
microphthalmic syndrome 9 (MCOPS 9, OMIM601186) and
is a rare medical condition presumably of autosomal reces-
sive way of inheritance [2]. Ostor et al. described a prema-
ture stillborn infant with bilateral pulmonary agenesis and
anophthalmia [3]. Spear et al. reported a stillborn boy with bi-
lateral pulmonary agenesis and bilateral microphthalmia asso-
ciated with a complex cardiac defect, and eventration of the
left hemidiaphragm [4]. Seller et al. reported 2 siblings of non-
consanguineous parents, who had bilateral anophthalmia and
pulmonary hypoplasia and called this disorder Mathew-Wood
syndrome as requested by the parents after the name of a first-
born sib [2]. The combination of pulmonary, diaphragmatic, oc-
ular and cardiac congenital malformations has been reported
occasionally in the past 4 decades. Some of the reported cases
were prenatally diagnosed [2,5,6] while others were observed
in the postnatal periods [4,7-9]. Engellenner et al., reported
the only case associated with hydrops fetalis [5]. The first re-
ported living patient was presented by Chitayat et al. [10].
Mutations in the STRA6 (stimulated by retinoic acid 6) gene
have been identified as the cause of anophthalmia/microph-
thalmia and other abnormalities included in the PDAC spec-
trum [11]. However, those mutations were not found in all
PDAC syndrome cases in several reports [10,12,13]. Both re-
cessive and dominant mutations in RARB (retinoic acid re-
ceptor beta) gene were found to cause anophthalmia and/or
microphthalmia and diaphragmatic hernia, providing further
evidence of the role of retinoic acid pathway in eye develop-
ment and organogenesis [14].
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We report a full term living male infant with pulmonary hypo-
plasia, left diaphragmatic eventration, bilateral microphthalmia,
congenital cardiac defects, and severe primary pulmonary
hypertension.

Case Report

Our patient case was a male born at 38-week gestation via
caesarian section delivery for a 33-year old mother with in-
significant prenatal history other than gestational diabetes
managed with insulin. Her 3 previous pregnancies resulted in
3 healthy children.

The couple is nonconsanguineous, both of Saudi Arabian ori-
gin with no history of a similar condition, previous abortions,
or congenital anomalies in the family. The mother had an ul-
trasound study at the 33 week of pregnancy, which showed
absent nasal bone, absent gastric shadow, unilateral clubfoot,
and polyhydramnios. Head and spine were normal. Heart was
not seen well. The scan was limited for anomaly detection due
to fetal position and maternal size.

At birth, the baby was flat and required positive pressure ven-
tilation for 4 minutes. Apgar score was 3, 7, and 9 at 1, 5, and
10 minutes of age, respectively. Birth weight was 2960 g (25%),
length was 49 cm (50%), and head circumference was 35.5 cm
(95%). The newborn was admitted to the neonatal intensive
care unit (NICU) directly and required continuous positive air-
way pressure (CPAP). Physical examination revealed a male born
with dysmorphic features including bilateral microphthalmia,
wide nasal bridge, low set ears, and talipes equinovarus of
the right foot. He was having respiratory distress and stridor.
However, both nostrils were patent. Chest radiograph showed

Figure 1. Echocardiography showing right
atrium (RA), left atrium (LA) and
atrial septal defect (ASD).
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Figure 2. (A, B) Echocardiography showing the main pulmonary artery (PA), right pulmonary artery (RPA), aortic valve (AOV), and

patent ductus arteriosus (PDA).
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Figure 3. (A, B) Coronal section of chest computed tomography scan showing dextrocardia, shifted mediastinum to the right side,
eventration of the left hemidiaphragm, and bilateral pulmonary infiltrations.

elevated left hemidiaphragm with the mediastinum shifted to
the right side. Bowel loops were noted higher up in the dis-
tal part of the left hemithorax. The left lung was small in size,
while the right lung appeared hyperinflated.

At 12 hours of age, the patient was intubated and mechani-
cally ventilated due to respiratory failure.

Echocardiogram (Figures 1, 2A, 2B) on the first day of life
showed mesocardia, normal systemic and pulmonary veins,
dilated right atrium and right ventricle, small to moderate
atrial septal defect (ASD) with bidirectional shunt, moderate
tricuspid regurgitation, a large patent ductus arteriosus (PDA)
with bidirectional shunt, and severe pulmonary hypertension;
he was started on inhaled nitric oxide.
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At the age of 12 days, echocardiogram showed a closed PDA,
severe right ventricular hypertrophy and dilatation, and se-
vere pulmonary hypertension, most likely due to lung hypo-
plasia and a small left pulmonary artery, hence he was com-
menced on sildenafil.

When he was 26 days old, PDA re-opened with a bidirectional
shunt as evidenced by echocardiogram.

Chest computed tomography (CT) scan with IV contrast showed
eventration of the posterior part of the left hemidiaphragm
with no defect/gap (Figure 3A, 3B). The mediastinum was
shifted to the right side, and spleen and stomach were highly
positioned. The left pulmonary artery was not clearly visual-
ized 1 cm beyond its bifurcation. Both lung fields showed ev-
idence of pulmonary infiltrations.

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Andijani AA. et al.:
PDAC syndrome
© Am J Case Rep, 2019; 20: 354-360

S——
MRN

Figure 4. Axial section of plain brain computed tomography
scan showing immature brain with no structural
abnormalities.

Plain brain CT scan (Figure 4) showed immature brain with
no structural abnormalities. Abdominal ultrasound was unre-
markable except for mild left renal pelviectasis. Lung perfusion
scan (Figure 5A, 5B) revealed that the left lung perfusion was
decreased as compared to the right lung contributing to only
20% of total lung perfusion. Chest ultrasound and fluoroscopy
proved that the left hemidiaphragm was elevated with absent
direct movement.

Due to the presence of stridor, flexible bronchoscopy was done
and showed laryngomalacia and narrowing of the right-sided
choana. At 3 weeks of age, we were able to extubate the pa-
tient to CPAP. Eight days later, he went into respiratory failure
and was re-intubated. Due to his respiratory insufficiency and

mechanical ventilation dependency, his family was counseled,
and an informed consent was obtained regarding tracheostomy,
which was done on the 35" day of age.

Chromosomal analysis showed a normal male karyotype
(46, XY). Whole exome sequencing showed no causative patho-
genic mutations, but de novo events were not detected be-
cause parental exome sequencing was not done.

Magnetic resonance imaging (MRI) of the brain at 4 months
of age (Figure 6A—6F) showed thin corpus callosum and bilat-
eral widened cerebrospinal fluid spaces anterior to temporal
and frontal lobes but no hydrocephalus. Myelination was age
appropriate. Posterior fossa structures appeared normal with
no other gross structural morphological abnormalities.

Physical examination of the patient at 6 months of age re-
vealed a conscious, global developmentally delayed, ventila-
tor dependent tracheostomized male infant who was able to
move his limbs minimally. He had broad forehead, small pal-
pebral fissures, scant hair growth at the lateral third of eye-
brows, deep-seated small eyes, broad nasal root, low-set ears,
short neck, a Mongolian spot over the sacral area, and right
sided talipes equinovarus. He had bilateral clear corneas and
lenses, normal retinae and optic discs, and equal round reac-
tive pupils but he did not fix and follow. Ophthalmology ex-
amination revealed blindness. He also failed newborn hearing
test. His cardiac apex was on the right side with a continuous
murmur heard on auscultation. The limbs, apart from right
clubfoot, the abdomen and the external genitalia were normal.

Figure 5. (A, B) Lung perfusion scan showing decreased left lung perfusion compared to the right lung, contributing to only 20% of

total lung perfusion.
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Figure 6. (A—F) Magnetic resonance imaging of the brain showing thin corpus callosum, bilateral widened cerebrospinal fluid spaces
without hydrocephalus and age appropriate myelination. Posterior fossa structures appear normal with no gross structural

abnormality.

Discussion

Only a few cases of PDAC syndrome have been reported in the
last 4 decades (Table 1). However, not all of the cases had all
the congenital anomalies occurring together. Yet, all the cases
had overlapping features with anophthalmia/microphthalmia
being the most remarkable sign. We report here a full-term
male living infant who has dysmorphic features, bilateral mi-
crophthalmia, left-sided diaphragmatic eventration, left lung
hypoplasia, ASD, PDA, severe primary pulmonary hyperten-
sion, laryngomalacia, narrow right-sided choana, global de-
velopmental delay, and normal brain structure apart from
thin corpus callosum and bilateral widened cerebrospinal
fluid (CSF) spaces. Despite the presence of all the main fea-
tures of PDAC syndrome in our reported case, whole exome
sequence did not detect any causative pathogenic gene mu-
tations. Unfortunately, exome sequencing of his parents was
not done which could have helped us in detecting possible de
novo events. Ostor et al. reported 2 cases of bilateral pulmo-
nary agenesis and anophthalmia [3], while Spear et al. [4] were
the first to describe a case with the 4 major features of PDAC
syndrome: anophthalmia, bilateral pulmonary agenesis, even-
tration of the left hemidiaphragm, and ventricular septal defect
(VSD) with overriding aorta. Seller et al. reported 2 siblings,
a male and a female, of a nonconsanguineous couple, with
bilateral anophthalmia and pulmonary hypoplasia associated
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with other congenital anomalies in the female fetus [2]. Those
2 cases raised the possibility of an autosomal recessive mode
of inheritance. While most of the reported cases were diag-
nosed based on prenatal scans or postnatal autopsies due to
the fatal outcome of the syndrome, in a few reported cases,
the infant lived beyond the neonatal period. Pasutto et al. re-
ported 2 cases that lived for 6 months and 14 years of age,
respectively [13]. Both cases had anophthalmia, cardiac de-
fects, dysmorphic features, developmental delay, and normal
brain structure except for absent optic nerves in the second
child. In the same year, Chitayat et al,, reported a male full-
term living child who had 2 out of the 4 major features of PDAC
syndrome [10]. That patient was 9.5 years old, and was born
to nonconsanguineous healthy parents. He had severe bilat-
eral microphthalmia, deep-set orbits, flat nasal bridge, left di-
aphragmatic hernia, and bilateral inguinal hernia. Cardiac and
abdominal sonograms and brain CT were normal. The left dia-
phragmatic hernia was corrected surgically at 2 months of age.
A lung CT scan did not show lung hypoplasia, and lung func-
tion tests at 19 months revealed normal lung capacity. He also
had delayed development and truncal hypotonia. Many gene
mutations have been associated with the development of an-
ophthalmia/microphthalmia either alone or associated with
other congenital malformations. Some genes implicated in the
retinoic acid pathway have been identified to cause a broad
spectrum of congenital anomalies including anophthalmia/
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Table 1. Some of the reported cases of PDAC syndrome and their features.

Findings (o]114 Spear Engellenner Seller Berkenstadt
g case et al. et al. et al. et al.
Number of cases 1 1 1 2 1
Gender M M F M F M
Anophthalmia/ Bil Bil Right eye Bil Bil Bil
microphthalmia
Pulmonary agenesis/ Left hypo-plasia Bil Bil Dysgenesis Bil Right agenesis
dysgenesis/ Hypo-plasia
hypoplasia
Diaphragmatic Left eventration Left = = = Right hernia
eventration/hernia Event.
Cardiac PDA + ASD VSD, absent Dilated RA - Single -
anomalies Dilated RA + RV ductus ventricle,
arteriosus, Hypo-plastic
Overriding LA
aorta
Pulmonary vascular N Absent pul  Absent pul vessels — Enlarged Absent pul
abnormalities vessles Pul vessels
trunk

Karyotype 46, XY 46, XY 46, XX 46, XY 46, XX 46, XY
Familial/sporadic Sporadic Sporadic Sporadic Familial Sporadic

Pierson Steiner Priolo
et al. et al. et al.

Anophthalmia/ Bil Cornneal Bl Bl Bl Bl

microphthalmia cloudign

Pulmonary agenesis/

dysgenesis/ Bil hypo-plasia Normal Bil hypo-plasia  Bil hypo-plasia Bil Hypo-plasia Bil hypo-plasia

hypoplasia

D|aphragmat|c . Left hernia Bilateral eventration Left, Left, =

eventration/hernia hernia hernia

Cardiac Bil ASD, severe Dilated

anomalies Ventricular - RVH ASD - RA + RV
Hyper-trophy

Pulmonary vascular Dilated pul _ _ _ _ Small 2 pul

abnormalities arteries Veins

Karyotype 46, XX 46, XX 46, XY 46, XY 46, XX 46, XX

Familial/sporadic Sporadic Sporadic Sporadic Sporadic Sporadic Sporadic

microphthalmia, congenital heart, lung and diaphragmatic de- should be considered in patients with anophthalmia and pa-
fects and others [12-15]. Segel et al. reported the first living rental counseling regarding the long-term outcome should
child with bilateral microphthalmia, PDA, and congenital lobar be cautious [15].

emphysema in whom compound heterogeneous STRA6 mu-

tations were found. This female child had a mild clinical phe-

notype and normal development expected for blindness at

30 months of age. The authors concluded that STRA6 analysis
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Conclusions

The PDAC syndrome remains a rare disease with different
gene mutations reported and variable prognosis. The main
feature in reported cases was anophthalmia/microphthalmia.
Therefore, screening for the other associated congenital anom-
alies is highly suggested. Mutations in STRA6 and RARB genes
are commonly encountered in this spectrum. However, whole
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exome sequencing of suspected cases and their parents is rec-
ommended to detect possible de novo mutations. Further re-
ports are needed to identify risk factors and prognosis of this
rare syndrome.
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