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ABSTRACT The combination of pulmonary agenesis and anophtalmia or microphthalmia has been described
previously. This condition is known as Matthew-Wood syndrome and PDAC syndrome (pulmonary hypoplasia/
agenesis, diaphragmatic hernia/eventration, anophthalmia/microphthalmia, and cardiac defect). We report a sporadic
case of female infant with the combination of bilateral microphthalmia, unilateral right pulmonary agenesis and
diaphragmatic eventration in addition to atrial septal defect (ASD) suggesting PDAC syndrome.

INTRODUCTION

Anophthalmiaand microphthalmiaareclearly
defined malformations. On the other hand, primary
unilateral pulmonary agenesisisalso aknown but
arare pathology (Toriello et al.1985; Campanella
and Odell 1987; Sharma et d. 2005). Mostly, it
appears sporadically. There have been several
reports describing the association of pulmonary
agenesis with anophtalmia or microphthalmia
(Seller et d. 1996; Berkenstadt et al. 1999; Li and
Wei 2006). A variety of other defectswasdescribed
previoudly with these malformations (Priolo et al.
2004; Robert Leeet d. 2006). Whilethiscondition
was previously described as Matthew-Wood
syndrome, Chitayat et a. defined it as PDAC
syndrome (pulmonary hypoplasia/agenesis,
diaphragmatic hernialeventration, anophthalmia/
microphthalmia, and cardiac defect) in 2007.

A case of afemaeinfant with the features of
PDAC syndrome including bilateral microph-
thalmiaand unilateral right pulmonary agenesis,
diaphragmatic eventration, in addition to ASD
was reported.

CASE REPORT

The third child of a healthy non-consan-
guineous Caucasian couple aged 30 and 34 years
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has been referred to our University Hospital with
eye malformations. The gestational age was 38
weeks and the birth weight was 3600 gr. Shewas
delivered via caesarian section and had no
remarkable problems except congenital eye
malformations.

Regarding the family history, the first child
was born prematurely (30 weeks) with
gastroschisis and volvulus, who had been
operated and died at the 20" day of birth. The
second child is now a 9-year-old healthy boy.

On physical examination on 50" days, bilateral
microphthalmia (more severe on the left side),
right iris coloboma and depressed nasal bridge
were detected (Fig. 1). Ontheleft orbital border,
there was a congenital cystic mass with the
dimensionsof 2x1 cm (Fig. 2). Chest radiography
and the thoracic tomography imaging showed
right pulmonary agenesis and diaphragmatic
eventration (Fig. 3 and 4). Cranial magnetic
resonance imaging (MRI) indicated bilateral
microphthalmia. ASD and cardiac dextroposition
were determined by echocardiography. Her
chromosome analysis showed a normal 46 XX
female karyotype. The child is now 36 months
old growing in normal ranges without any other
systemic disorders(Fig. 5). During follow-up, her
psychomotor devel opment was normal and social
contact was even better than her peers. Written
permission was taken from his parents for
publication of this report and photography.

DISCUSSION

The combination of pulmonary agenesis and
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anophthalmia or microphthalmia has been
described previoudly. A variety of other defects
were described previously with these malfor-
mations (Pierson et al. 2002). It appearssimilar to
the case of Spear et al. (1987) with bilateral
pulmonary agenesis, microphthalmiaand VSD.
Prioloet a. (2004) hasreported acase of bilateral
microphthalmia, bilateral pulmonary hypoplasia,
unilatera diaphragmatic herniaand ASD. Here, a
case of unilateral pulmonary agenesis with
diaphragmatic eventration, bilateral microph-
thalmiaand ASD was reported.

In addition to these findings, there was also
acongenital cysticlesionontheleft lower orbital
border that was not enlightened via biopsy.

In the previous reports, mostly severe

malformations including bilateral pulmonary
agenesis were described which resulted with
early death (Priolo et a. 2004; Li and Wei 2006;
Robert Leeet a. 2006, Chitayat et al. 2007). Inthe
present case, there was only unilateral (right)
pulmonary agenesis explaining why no
respiratory problems occurred so far.

Inmogt previoudy reported casesof pulmo-nary
agenesis, there were diaphragmatic defects
(Berkengtadt et d. 1999; Pricloet d. 2004; Chitayet et
a. 2007). The present case dso had digphra-gmatic
eventration on the Ste of pulmonary ageness.

During the 20" day of birth, therewasa5 mm
wide ASD detected via echocardiographic
examination, which showed the same condition
in the next echocardiography which was perform-

Fig. 2. Cranial MRI showing the cystic mass and microphthalmia



PDAC SYNDROME: CASE REPORT 257

Fig. 3. Postero-anterior chest radiography showing right lung agenesis
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Fig. 5. The photograph of the patient when she was 24 months old
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Table 1. The clinical manifestastations in the previously reported cases and present case

Findings Present case Spear et al. Sller et al.
-1987 -1996
Number of cases 1 1 2
Pulmonary malformation  Agenesis Agenesis Hypoplasia Hypoplasia
(unilateral) (bilateral) (bilateral) (bilateral)
Diaphragmatic defect Eventration Eventration - -
(unilateral) (unilateral)

Microphthalmia/ Microphthalmia Microphthalmia Anophthalmia  Anophthalmia

anophthalmia (bilateral), (bilateral) (bilateral) (bilateral)

coloboma
(unilateral)

Cardiac malformation ASD VD - Single ventricle,
hypoplastic left
atrium, enlarged
pulmonary trunk

Facial dysmorphism + - + +

Urogenital abnormalities - - - Bicornuate,
hypoplastic uterus

IUGR - - - +

Polyhydramnios - - - -

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

Sporadic/familial Sporadic Sporadic Familial Familial

Outcome Alive PND PND TOP, 18 weeks

Findings Berkenstadt Priolo et al. Li and Wei Robert Lee

et al. (1999) -2004 -2006 et al. (2006)

Number of cases 1 1 1 1

Pulmonary malformation Agenesis Hypoplasia Hypoplasia Hypoplasia

(unilateral) (bilateral) (bilateral) (bilateral)
Diaphragmatic defect Hernia Hernia - Hernia
(unilateral) (unilateral) (unilateral)

Microphthalmia/ Microphthalmia Microphthalmia Anophthalmia Microphthalmia

anophthalmia (bilateral) (bilateral) (bilateral) (bilateral)

Cardiac malformation ? ASD Dilated right -

atrium and vetricle,
small left atrium
and ventricle,

two pulmonary ven

Facial dysmorphism ? ? - -

Urogenital abnormalities ? Malrotated left Left hypoplastic -

kidney pelvic kidney

IUGR + + - +

Polyhydramnios + + - -

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

Sporadic/familial Sporadic Sporadic ? Sporadic

Outcome TOPR, 23 weeks PND PND PND
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Findings Chitayat et al.
-2007
Number of cases 8
Pulmonary malformation  Agenesis Hypoplasia Agenesis Rudimentary
(unilateral), (bilateral) (bilateral) (left lung),
rudimentary unilobar
(rigt lung) (right lung)
Diaphragmatic defect Eventration Hernias Unilateral Unilateral
(unilateral) (bilateral)
Microphthalmia/ Micro/anophthalmia Microphthalmia Microphthalmia Bilateral
anophthalmia (bilateral) (bilateral) (bilateral)
Cardiac malformation VSD, hypoplastic - ? Hypoplastic right
left atrium ventricle, pulmonary
valve atresia, bicuspid
aortic valve
Facial dysmorphism + + + +
Urogenital abnormalities Bicournate and - ? Micropenis, bifid
small uterus and hypoplastic
scrotum
IUGR - - - +
Polyhydramnios - - + +
Karyotype 46,XX 46,XY ? 46,XY
Sporadic/familial Familial Familial Familial Sporadic
Outcome PND TOP PND TOP
Findings Chitayat et al.
-2007
Number of cases
Pulmonary malformation Aplasia - Unilobar lungs Unilobar lungs
(bilateral) (bilateral) (bilateral)
Diaphragmatic defect Bilateral Unilateral - Unilateral
Microphthalmia/ Microphthalmia Microphthalmia Micro/ Micro/
anophthalmia anophthalmia
anophthalmia (bilateral) (bilateral) (bilateral) (bilateral)
Cardiac malformation Hypoplasia of both - ASD,PDA Coarctation of the
atrial appendages, aorta, hypoplastic
VD pulmonary arteries
Facial dysmorphism + + + +
Urogenital abnormalities Hypoplastic uterus, - Hypoplastic left Hydronephrosis,
vaginal atresia, right pelvic kidney, atretic ureter
renal dysplasia hypoplastic uterus
IUGR + - - -
Polyhydramnios + - - -
Karyotype 46,XX 46,XY 46,XX 46,XY
Sporadic/familial Sporadic Sporadic Consanguineous Sporadic
parents
Outcome PND Alive Post-operatively PND

dead at 19 months

IUGR, intrauterine growth retardation; ASD, atrial septal defect; VSD, ventricular septal defect; TOP,
PND, post-natal death, +,present; -,not present

termination of pregnancy;
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ed at the 6" and 21% months. In the previous
reports, severa cardiac defects were described
such asASD, VSD, dilatation of right atrium in
combination of pulmonary agenesis and
congenital eye disorders (Spear et al. 1987; Seller
et al. 1996; Priolo et al. 2004; Li and Wei 2006).
Here, ASD and cardiac dextroposition was
detected in association with right pulmonary
agenesis, right diaphragmatic eventration and
bilateral micropthalmia.

Chitayat et al. (2007) described PDAC
syndrome, i.e. pulmonary hypoplasia/agenesis,
diaphragmatic hernia/eventration, anophthalmia/
microphthalmia, and cardiac defect. They showed
evidences suggesting autosomal recessive
inheritance. They thought that some previously
described cases fit PDAC syndrome. In the
present case, clinical findings such as bilateral
microphthalmia, unilateral pulmonary agenesis,
diaphragmatic eventration and cardiac defect
(ASD) arethemagjor findingsof PDAC syndrome.
Minor findings such as depressed nasal bridge
was present; however, urogenital abnormalities
were not. The clinical manifestations in the
previously reported cases and present case are
summarizedinTablel.

In previous reports, the genetic basis of this
pattern has not been clearly identified. In genetic
etiology, there is probable autosomal recessive
inheritance, abnormal chromozome-2p, mutations
in STRAG (Strafor “stimulated by retinoic asit”)
gene and loss of function of SOX2 gene. (Lurie
et al. 1995; Seller et al. 1996; Say and Carpenter
1998; Raggeet a. 2004; Golzio et a. 2007; Pasutto
et a. 2007). In some cases, it occurs sporadically
(Priolo et al. 2004; Robert Leeet al. 2006). Inthe
conventional cytogenetic analysis of this case,
a46 XX normal female karyotype was found.

STRAG belongs to a novel group of retinoic
acid (RA)-inducible genes that are likely to be
direct targets of the retinoid receptors, such as
RXRa and RARA (Bouillet et al. 1997). During
embryogenesis, it is strongly expressed in the
periocular mesenchyme, in the developing eyes,
in respiratory mesenchymes, and in respiratory/
bronchial epithelium, aswell asinthedeveloping
CNS (meninges, cranial ganglia, choroid plexi,
and brain microvasculature) and in different
embryonic gut derivatives (the epithelium of the
pharyngeal pouches, mesenchyme of the
esophagus, stomach, intestine, and rectum)
(Pasutto et al. 2007). Pasutto et a. (2007) showed
that homozygous mutations in STRAG6 cause a

pleiotropic, multisystem malformation syndrome
characterized by bilateral anophthalmia, mild
facial dysmorphism, normal intrauterine growth,
early lethality in most cases, and a variety of
malformations of thelungs, diaphragm, heart, and
urogenital system. Profound mental retardation
and short stature with relatively large head were
present in one of their patients with long-term
survival having homozygous STRA6 mutation.

Golzio et al. (2007) undertook molecular
analysis of STRAG in two human fetuses from
consanguineous families previously described
as Matthew-Wood syndrome in a context of
severe microphthalmia, pulmonary agenesis,
bilateral diaphragmatic eventration, duodenal
stenosis, pancreatic malformations, and
intrauterine growth retardation. The fetuses had
either ahomozygousinsertion/deletionin exon 2
or ahomozygousinsertionin exon 7 predicting a
premature stop codon in STRAG transcripts. In
the same study, five other fetuses presenting at
least one of the two major signs of clinical
anophthalmia or pulmonary hypoplasia with at
least one of the two associated signs of
diaphragmatic closure defect or cardiopathy had
no STRA6 mutations.

The present case has some findings
consistent with STRA6 mutation, however her
malformations were not as severe as STRA6 and
in addition, her psychomotor development is
excellent at the age of 3 years.

Regarding to family history, first child had
isolated gastroschisis and died after 20 days of
birth. Thereisknown environmental and genetic
effectson gastroschisis. (Torfset al. 1994; Reece
et al. 1997). The situations of the both siblings
may be associated with the role of undetermined
environmental and genetic reasons.
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