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Introduction

Holt-Oram syndrome (HOS) comprises a rare spectrum of
congenital cardiovascular and preaxial skeletal anomalies
with a prevalence of 1 in 100,000 live births.1 HOS has an
autosomal dominant inheritance with variable expression.2

However, lung involvement in HOS was only reported in a
few cases with severe respiratory distress.2–5 Various lung
anomalies have been reported along with HOS.2–4 We sug-
gest an algorithm for classifying lung abnormalities in cases
of HOS.

Clinical Presentation

A 1-year-old male child patient presented with dyspnea and
suboptimal weight gain in the last 3 months. There were no
episodes of cyanosis or recurrent respiratory tract infections
associated with dyspnea.

He was first in birth order from a nonconsanguineous
marriage and had a preterm vaginal delivery at 34 weeks. He
weighed 2.3 kg at birth and was identified with right upper
limb abnormalities and respiratory distress soon after. He
received standard neonatal care and was discharged at
4 weeks of age on improvement. On examination, his right
thumb was absent with deformation of the forearm, which
was confirmed by an upper limb X-ray (►Fig. 1A, B). His
oxygen saturation at room air was 99%.

The chest X-ray showed a dextroposed heart and a signifi-
cant deviation of the trachea with mild hyperinflation of the
left lung (►Fig. 1C). The aerated area of the right hemithorax
showed a straight border on the medial side and a convex
border on the lateral side, classical of posterior lung hernia-
tion.6 Additional vertebral anomalies were identified by com-
puted tomography (CT) (►Fig. 1D). Echocardiography revealed
a large atrial septal defect (ASD)of theostiumsecundumwitha
1.5:1 shunt and moderate pulmonary hypertension.
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Abstract Holt-Oram syndrome comprises a rare spectrum of congenital cardiovascular and appen-
dicular skeletal anomalies. However, only a few cases have reported lung involvement in
Holt-Oram syndrome. We reported the rare case of a 1-year-old male child patient who
presented with upper limb abnormalities and respiratory distress and was diagnosed with
pulmonary agenesis and pulmonary arterial hypertension secondary to an atrial septal
defect.
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Cardiac CT showed the absence of the right mainstem
bronchus, right pulmonary artery, and right pulmonary veins
(►Fig. 2A), suggestive of right lung agenesis. Dextroposition of
the heart, large ASD, and dilatation of the right atrium and
ventricle were the significant cardiac abnormalities identified
(►Fig. 2B). Normal arrangement of visceral organs was noted
in inferior sections of cardiac CT (►Fig. 2C). The lung paren-
chyma occupying the right hemithoraxwas hyperinflated and
received its pulmonary artery supply and pulmonary venous
drainage from the left side, suggesting aposteriorherniationof
the left lung (►Fig. 2D, E). There was marked deviation of the
tracheaandesophagus to rightandanteriorlyand thedescend-
ing thoracic aorta (DTA) to the rightofmidline,with themedial
segment of the left lower lobe herniating between the esoph-
agus and DTA and reaching the lateral border of the right
hemithorax (►Fig. 2D–F).

The patient underwent a surgical ASD closure, and follow-
up echocardiography at 3 and 6 months showed reduced

severity of pulmonary artery hypertension and improved
symptoms. Weight gain of the child was 40% over the next
6 months.

Discussion

HOS is an important cardiac-limb syndrome with classic
involvement of the preaxial skeleton of the upper extremity
and involvement of the cardiac septum or conduction bun-
dles.7 The TBX5 gene, located on chromosome 12q24.1, is
considered a plausible triggering event in multiorgan in-
volvement but occurs with variable penetrance, resulting in
many dominant carriers not being identified.8 The cooccur-
rence of various other mutations also leads to several addi-
tional clinical features unrelated to HOS diagnosis.7

Lung involvement in HOS has been described only in a few
cases. Kullmann et al described pulmonary involvement in
an infant with HOS for the first time.5 The first case of right
lung agenesis associated with HOS was reported in 2007 by
Tseng et al, but a CT imagehas not been published.2 There is a
reduction in fibroblast growth factor (FGF10) expression in
TBX5 mutation, resulting in failure of mesenchymal induc-
tion of epithelial branching and the absence of a right lung
bud.8 In 2015, a case of HOS with left lung hypoplasia and
right-sided horseshoe lung was reported, although TBX5
genetic mutation was not identified.4 Notably, the right
lung was more involved in HOS.4 Genetic testing could not
be done on our patient.

A method for distinguishing horseshoe lung from poste-
rior lung herniation was described by Kim et al, where the
location of the herniated lung anterior to the esophagus and
aorta was common in horseshoe lung while a location in
between the esophagus and aorta was noted in posterior
lung herniation.6 Another difference is that the horseshoe
lung develops in contralateral lung hypoplasia, whereas
posterior lung herniation is noted in contralateral lung
agenesis. This is probably the first posterior lung herniation
ever reported, along with right lung agenesis in a patient
with clinical HOS.6 Below is the algorithm for distinguishing
the spectrum of right lung hypoplasia in HOS (►Fig. 3).
Differentiating between lung hypoplasia and lung agenesis
was necessary for planning the appropriate anesthesia
strategy during endotracheal intubation during and after
surgery.

Conclusion

Pulmonary anomalies in HOS are infrequent and its identifi-
cationmandates an algorithmic approach to predict accurate
diagnosis.

Fig. 1 (A) Clinical photograph of right hand showing absent thumb and
inward curvature of the forearm and (B) X-ray of right forearm showing
absent radius and thumb. (C) Chest X-ray in posteroanterior (PA) shows
volume loss and rib crowding (yellow dotted arrows) in right hemithorax
with right-sided mediastinal shift and convex outer contour of lung
suggesting hyperinflation.Medial border of lung on the right side is straight
along the descending thoracic aorta (�). A significant deviation of the
trachea to the right by the aortic arch is also noted. (D) Butterfly vertebrae
are noted between D1 and D4 levels (blue arrows) in coronal computed
tomography (CT) section.
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Fig. 2 (A) Three-dimensional volume rendering technique (3D VRT) image of the heart and great vessels from the posterior shows absent
pulmonary venous drainage on the right side (yellow arrows) and a small lower lobe vein from the right joining the left lower pulmonary vein. The
absence of the right pulmonary artery branch from the main pulmonary artery (MPA) is also noted. (B) Four-chamber view of ventricles shows a
large atrial septal defect (ASD) and dilation of the right atrium and ventricle. (C) The axial section of the abdomen in cardiac computed
tomography (CT) shows a normal visceral arrangement with the liver on the right and gastric bubble on the left side. (D) Axial, (E) oblique
coronal, and (F) 3D VRT images from the minimum intensity projections of lung fields show herniation (red arrowhead) of the medial and lower
part of the left lung to right hemithorax posterior to the heart in between anterior esophagus (denoted by✰) and posterior descending thoracic
aorta (DTA). The herniated lung is more hypodense compared with left-sided lung lobes. Right ward displacement of trachea along with the
absence of right bronchus is noted in (F), denoted by �.

Fig. 3 Algorithm for diagnosing various pulmonary pathologies in hypoplastic right hemithorax in Holt-Oram syndrome covering the different
variations.
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