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Williams-Beuren Syndrome Presenting as Pulmonary
Edema with Pleural Effusion: A New Pulmonary
Manifestation of Elastin Vasculopathy
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Abstract

Introduction: Williams-Beuren syndrome (WBS) is a gene dele-
tion disorder characterized by distinct facial features, cardiovas-
cular anomalies, and intellectual disability. Many genes are in-
volved in WBS, of which the elastin (ELN) gene deletion is almost
present in all cases. Limited data exist about pulmonary diseases
in children with WBS. Furthermore, pleural effusion (PE) has not
been reported in these patients.

Case Presentation: A term, small-for-gestational-age (SGA)
male Caucasian newborn presented with respiratory distress
shortly after vaginal birth. A chest radiograph showed significant
pulmonary edema with bilateral pleural effusion. A 2D Echocardio-
gram demonstrated supravalvular aortic stenosis and branch pul-
monary stenosis suspecting WBS. A genetic evaluation revealed
an interstitial 1.5Mb deletion in the long arm of chromosome 7
involving band q11.23 confirming the diagnosis of WBS. The child
underwent surgical repair at 4 months for age due to cardiac dis-
ease progression.

Conclusions: An unexplained finding of pulmonary edema and
PE in a newborn can be associated with genetic disorders and
warrants investigation for WBS, especially in SGA newborns.
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Background:

Williams-Beuren Syndrome (WBS) is a contiguous gene dele-
tion disorder that involves the chromosomal region 7911.23 (1).
WBS affects about 1 in 10000 to 23500 live births, depending on
the population (2,3). The deleted chromosomal region in WBS in-
volves many genes, particularly the elastin (ELN) gene, which is
present in the majority of cases of WBS (1).

The clinical manifestations of WBS are quite variable and com-
prise distinct facial features, cardiovascular anomalies, growth
failure, transient hypercalcemia, hypothyroidism, musculoskeletal
defects, genitourinary, stellate iris pattern, hypotonia, and peculiar
neurodevelopmental and behavioral profile (2-10). Early diagno-
sis of patients with WBS, especially in the neonatal period, can be
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challenging due to the sporadic nature of the disorder; also impor-
tant physical features can be overlooked, resulting in devastating
outcomes including sudden death (11).

Pleural effusion (PE) results from disruption of the pleural liquid
turnover in the pleural space. Although PE is a clinical feature
of some genetic syndromes and chromosomal abnormalities (12-
14), it is not associated with WBS. Additionally, limited data have
been published on the involvement of pulmonary disease in pa-
tients with WBS (15,16).

“The clinical manifestations of WBS

are quite variable and comprise distinct
facial features, cardiovascular anomalies,
growth failure, transient hypercalcemia,
hypothyroidism, musculoskeletal
defects, genitourinary, stellate iris
pattern, hypotonia, and peculiar
neurodevelopmental and behavioral
profile (2-10).”

In this report, we present a case of a male infant with WBS born
with pulmonary edema with PE and progressive supravalvular
aortic stenosis (SVAS) and branch pulmonary artery stenosis
(PAS). We review the relevant literature concerning the presen-
tation of WBS in the neonatal period, mainly due to pulmonary
disease. To our knowledge, there have been no other published
reports similar to this unusual presentation.

Case Presentation:

A Serbian male infant was born at 37 weeks' gestation via induced
vaginal delivery to a 31-year-old caucasian mother. The mother
is otherwise healthy; her firstborn female child was 4 kg at term
birth. Antenatal laboratory screening was unremarkable except
for a positive GBS on the vaginal swab for which she received
adequate treatment with Penicillin G. In the third trimester, fetal
ultrasonography indicated fetal growth restriction with a low end-
diastolic flow and abnormal pulsatility index on the umbilical artery
Doppler. On admission, her membranes were intact, and the fetal
heart rate tracing was category-1. After 20 hours of labor induc-
tion, including a 9-hour second stage, a healthy baby was born
vigorous, the amniotic fluid was clear. The baby required only rou-
tine care. Apgar scores were 9 and 10 at 1 and 5 minutes, respec-
tively. Birth weight was 2.35 kg (5th percentile), head circumfer-
ence 33 cm (35th percentile), and length 45 cm (5th percentile).
The newborn was transferred to the postnatal ward to room in with
his mother. The placental histopathologic examination revealed a
small placenta, weight 350 g (<3rd percentile), and a marginally
inserted 3-vessel umbilical cord.
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(Figure 1a and 1b): Chest x-ray on admission (Figure 1a) demonstrates mild lung hyperinflation, diffuse interstitial edema and opaci-
fication, and bilateral pleural effusion (arrowheads). Chest x-ray 2 days later (Figure 1b) while on CPAP demonstrates inflated lungs,
interstitial edema with fluid in the interlobar fissure, and resolution of the pleural effusion.

In the postnatal ward, the baby developed tachypnea and circum-
oral cyanosis at four hours of age; therefore, he was transferred to
the neonatal intensive care unit (NICU) for further management.

Physical examination upon admission to the NICU revealed
tachypnea with subcostal retractions. The cardiac exam revealed
a grade 2/6 systolic ejection murmur at the left lower sternal bor-
der. Other features included epicanthal folds, upturned nose, and
wide mouth; the rest of the clinical examination was unremark-
able. Chest X-ray (Figure 1a) revealed significant bilateral lung
opacification indicating alveolar and interstitial edema, hyperinfla-
tion, and bilateral pleural effusion.

“Genetic consultation was sought
because of the unexplained finding of
pulmonary edema and PE. Microarray
analyses revealed an interstitial deletion
of the long arm of chromosome 7
involving band q11.23. ”

The baby required continuous positive airway pressure (CPAP)
support for two days and a nasal cannula for an additional day.
He was started on ampicillin and amikacin antibiotic on admis-
sion for suspected sepsis and continued for 7 days, provided the
chest x-ray findings. Chest X-ray (Figure 1b) repeated after two
days demonstrated persistent hyperinflation (on CPAP), intersti-

tial edema, and appearance of fluid in the interlobar fissure, and
resolution of the pleural effusion.

Sepsis evaluation revealed normal results, including a negative
blood culture. Serum electrolytes showed a corrected serum cal-
cium level of 2.41 mmol/L (9.7 mg/dl).

A 2D echocardiogram (echo) done on the second day of life re-
vealed an aneurysmal atrial septum with a small fenestrated atrial
septal defect with left-to-right shunting, a small-mid muscular ven-
tricular septal defect with left-to-right shunting, patent descending
aorta with a peak gradient of 14 mmHg.

Genetic consultation was sought because of the unexplained find-
ing of pulmonary edema and PE. Microarray analyses revealed
an interstitial deletion of the long arm of chromosome 7 involving
band q11.23. The deleted region is ~1.5Mb in size and includes 24
genes, including ELN, LIMK1, BAZ1B, CLIP2, GTF2IRD, NSUNS5,
CLDN4, EIF4H, LAT2, MLXIPL, TBL2, WBSCR18, WBSCR22,
WBSCR27, confirming the diagnosis of WBS. The chromosomal
microarray study done on both parents was normal. The baby was
discharged home at one week of age in a stable condition.

A follow-up echo study done at 4 weeks of age revealed mild
SVAS with a peak gradient of 34 mmHg, and moderate bilateral
branch PAS, peak gradients 40 to 50 mmHg, and normal biven-
tricular size and function. The study was repeated at 10 weeks of
age (Figure 2a & 2b) revealed progression of the SVAS; diameter
5.1mm, Z score -3.2, and branch PAS, right pulmonary artery; di-
ameter 2.9mm, Z score -2.8, and left pulmonary artery; 4.6mm,
Z score -0.43, with a peak gradient of 81 mmHg, and 56 mmHg,
respectively. The descending aorta with flow acceleration showed
a peak gradient of 30 mmHg and moderate left ventricular hyper-
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Figure 2a. A 2D echo with color Doppler depicting Supravalvular aortic stenosis (SVAS) and ventricular septal defect (VSD) in apical
3-chamber view. AV, Aortic valve, AAO; Ascending Aorta, IVS; interventricular septum, RV; right ventricle, LA; left atrium, LV; left

ventricle.
trophy.

A computed tomography (CT) scan of the chest done at three
months of age confirmed the latter cardiac findings and also re-
vealed narrowing in the sub-isthmus part of the descending aorta
but without evidence of focal coarctation.

“The exact cause of pulmonary edema
and PE in our patient is unclear;
however, it is notable that the disruption
of the pleural liquid turnover process

of any etiology results in pleural fluid
accumulation.”

At 4 months of age, the infant underwent open-heart surgery for
Brom aortoplasty of the SAVS with pulmonary homograft patch
augmentation of both PAs. Postoperatively, the baby developed
reactive hypertension requiring treatment with multiple antihy-
pertensives medications; he was discharged home on oral furo-
semide and propranolol. He was also started on prophylaxis for
subacute bacterial endocarditis and continued to have high nor-
mal serum calcium levels and adequate weight gain. He was also

started on levothyroxine treatment for hypothyroidism.
Discussion

WBS is a gene deletion disorder that involves the 7q11.23 regions
(1). Although up to 28 deleted genes have been described in this
disorder, the ELN gene mutation is the most predominant one.
This particular gene deletion results in elastin vasculopathy char-
acterized by elastosis and disorganization of the elastic lamellae
in the affected tissue (6,17). Although ELN gene deletion is pe-
culiarly related to the cardiovascular disease often described in
patients with WBS, the role other deleted genes play in the pa-
thology and clinical manifestations of WBS is hardly defined (18).

Elastin is expressed in multiple cell types in the lung, including
pleural mesothelial cells, smooth muscle cells in airways and
blood vessels, endothelial cells, and interstitial fibroblasts (19).
Elastin protein integrates with fibrillin-containing microfibrils in the
extracellular matrix to form the elastic fibers that contribute to the
physical property of these tissues (19).

The exact cause of pulmonary edema and PE in our patient is
unclear; however, it is notable that the disruption of the pleural
liquid turnover process of any etiology results in pleural fluid accu-
mulation. pleural liquid normally originates from the high-pressure
systemic blood vessels in the parietal pleural membranes and
drains into the lymphatic stomata located in the submesothelial
connective tissue of the parietal pleura. We hypothesize that elas-
tosis in the submesothelial connective tissue or in the vascular
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Figure 2b. A 2D echo with color Doppler depicting pulmonary artery (PA), right pulmonary artery (RPA), and left pulmonary artery (LPA)
in high parasternal view. AO; Aorta, RA; right atrium, LA; left atrium

wall increases the microvascular pressure and results in either
altered pleural liquid secretion or impaired drainage, or both (20).
Additionally, blockage of the lymphatic stomata by a similar mech-
anism affects liquid absorption. Alveolar and interstitial edema,
consequently, PE can also arise if the elastin layer in the visceral
pleura, and the alveolar or vascular wall is defective. Speculative-
ly, this can result in either leakage of the fetal alveolar fluid into the
pleural space, impaired clearance of the fetal fluid from the alveoli
and the interstitium, or through both mechanisms (21). Although
PE due to congenital lymphatic malformation (chylothorax) is as-
sociated with specific genetic and chromosomal disorders such
as Gorham-Stout, Optiz G/BBB, Hennekam, Milroy syndromes,
Trisomy 21, Turner, and noon syndrome (12-14), our patient is the
first reported description of PE in a case of WBS.

Other respiratory conditions reported in patients with WBS are
congenital lobar emphysema (CLE). Walsh et al. published the
case of a preterm male infant who had suffered respiratory dis-
tress syndrome until day 25 of life when he developed CLE, re-
quiring left upper lobectomy at six weeks of age. Wong et al. also
reported a 2-month-old infant found to have CLE in the right mid-
dle lobe during his preoperative cardiac workup for surgical repair;
a bronchoscopy demonstrated a small, collapsed right middle
lobe bronchial orifice. Impaired lung elastin production has been
suggested to play the primary role in the pathogeneses of CLE in
both patients (15,16).

Studies have shown that loss of elastin fiber integrity is a trigger of
inflammation and tissue injury in certain diseases such as chronic
obstructive pulmonary disease, emphysema, and cutis laxa (21-
24). In the adult literature, Wojcik et al. reported a case of severe

bullous emphysema in a male adult who was later confirmed to
have WBS (26). Another case of WBS for a young adult man who
had paraseptal emphysema incidentally found on chest CT. To fur-
ther assess the association of pulmonary manifestations in WBS,
Wan et al. studied a cohort of 16 nonsmoker adolescents and
young adults with WBS. They found higher respiratory symptoms
in WBS subjects despite nonsignificant spirometric abnormalities
compared to controls (26).

The penetrance and severity of SVAS and total cardiovascular dis-
ease in WBS subjects are more common among male subjects,
as described by Sadler et al., possibly due to hormonal effect (27).
In her study, male gender and a low body mass index increased
the likelihood of an earlier diagnosis of WBS (27). Consistent with
the previous study conclusion, the abnormal finding of chest X-ray
in our patient, in addition to growth restriction, led us to entertain a
genetic diagnosis. Although chest CT did not delineate a discrete
coarctation in our patient, the subisthmus narrowing of the aorta
is usually regarded as an atypical form of coarctation, particularly
in this disorder, resulting in the so-called middle aortic syndrome.
Such a syndrome can rapidly progress to a severe form of focal
coarctation or diffuse narrowing, as describe by Kammache et al.
and Hall et al. (28,29). Moreover, lifelong cardiac follow up is es-
sential in the patient because of the risk of developing vasculopa-
thy or arterial hypertension (8).

Finally, the upper respiratory features of this disorder include
changed quality of voice, which may advance to upper airway ob-
struction. Stridor associated with subglottic cyst has been report-
ed in WBS (30). Koren et al. and Vaux et al. published the cases
of bilateral vocal cord paralysis revealed on an endoscopic exam
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of 2 separate newborns who later required tracheostomy (31, 32).
A third infant presented with noisy breathing in the neonatal period
and developed significant stridor in the second year of life (32).
The findings of harsh, hoarse, or brassy quality of voice changes
in WBS patients can be explained by impaired elastogenesis in
the lamina propria of the vocal cords, as illustrated by heterozy-
gous Ein deletions (Eln +/-) experiment in mice (33). However,
the mechanism of paralysis of the vocal cords in these children
needs further explanation.

Conclusion:

WBS is associated with severe short and long term morbidity and
mortality in children. Unexplained findings of PE after birth can be
a manifestation of elastin vasculopathy disorder such as WBS,
especially in the presence of additional abnormal features such as
growth restriction and cardiac murmur. Therefore, it is imperative
to exercise vigilance in order to diagnose WBS in the neonatal
period.
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