CASE REPORT

Holt-Oram Syndrome and Pulmonary Artery Sling with
Tracheal Stenosis: A Case Report of a Rare Combination of
Two Rare Diseases
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Background: Holt-Oram syndrome is a rare genetic disorder characterized by abnormalities in the upper extremities and commonly associated
with heart problems. Pulmonary arterial sling is a congenital disorder in which the left pulmonary artery originates from the right pulmonary
artery, encircling the trachea or esophagus. The authors report a unique case involving the rare combination of these two distinct diseases.

Case Report: A 21-year-old female presented with fever, wheezing, and respiratory failure. Physical examination revealed central rhonchi, a loud
P2, systolic ejection murmur, and radial polydactyly on both hands. The electrocardiogram displayed sinus tachycardia and a notch in the QRS
complex in all inferior leads, consistent with the Crochetage sign, suggesting an atrial septal defect (ASD). After intubation, elevated peak airway
pressure was detected. Bronchoscopy identified circumferential narrowing of the trachea. CT chest revealed a pulmonary arterial sling wrapping
around the trachea. Echocardiography confirmed the presence of ASD and pulmonary hypertension.

Conclusion: This case represents the co-occurrence of Holt-Oram syndrome, a heart-hand syndrome, with a pulmonary arterial sling. Pulmonary
infection in this case exacerbated pulmonary hypertension, resulting in increased constriction of the sling and compromised airway function.
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Holt-Oram syndrome is a rare autosomal dominant
genetic disorder characterized by upper extremity bone
abnormalities and heart problems, collectively known as
heart-hand syndromes'”. Pulmonary artery sling (PAS)
is a rare congenital cardiovascular disease in which one
main pulmonary artery arises from the contralateral main
pulmonary artery, encircling the trachea or esophagus. If
the ring surrounds the trachea, it can cause tracheal stenosis
(TS) and compromised respiratory function®. Such patients
may present with central wheezing, especially during
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forceful expiratory maneuvers, leading to misdiagnosis as
asthma. Our case report presents the uncommon coexistence
of these two rare diseases.

Case Report

A 21-year-old female presented with fever, shortness
of breath, and wheezing for three days. She arrived at our
hospital with acute respiratory failure and hypotension. She
had been diagnosed with asthma and received treatment for
ten years due to a history of wheezing and exertional dyspnea.
Initial vital signs revealed a blood pressure of 49/22 mmHg,
heart rate of 149 bpm, respiratory rate of 30/min, and SpO,
(room air) of 80%. Physical examination showed poor air
entry in both lungs with inspiratory and expiratory rhonchi
at the sub-sternal area. The patient exhibited grunting and
air grasping. Cardiac examination revealed right ventricular
heaving, loud P2, and a systolic ejection murmur grade II
at the left upper parasternal border. Radial polydactyly
was observed in both upper extremities (Figure 1A). Chest
X-ray displayed bilateral alveolar infiltrations. Immediate
endotracheal intubation and assisted ventilation were
performed. High peak airway pressure was detected, with
respiratory system compliance at 15 ml/cmH,O and airway
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resistance at 55 cmH,O/L/sec. Fiberoptic bronchoscopy
revealed circumferential tracheal narrowing (Figure 1B).
Computed tomography (CT) of the chest confirmed the
presence of a pulmonary artery sling, formed by the left
pulmonary artery arising from the right main pulmonary
artery, causing long-segment circumferential tracheal
narrowing (Figure 1C). Enlargement of the pulmonary
trunk, hypertrophy of the right ventricle, and right atrium
were also noted. Electrocardiogram (ECG) demonstrated
notching on the QRS complex in all inferior leads,
consistent with the Crochetage sign (Figure 2), a specific
indicator of atrial septal defect (ASD). Echocardiography
revealed a secundum ASD size 2.3 centimeters (Figure 3)
and pulmonary hypertension. Right heart catheterization
displayed a mean pulmonary arterial pressure (mPAP) of 45
mmHg, pulmonary vascular resistance (PVR) of 5.7 wood
units, pulmonary capillary wedge pressure (PCWP) of 17
mmHg, and the ratio between pulmonary and systemic flow
(Qp/Qs) of 2.18, indicating a left-to-right shunt. Antibiotic,
diuretic, inotrope, vasopressor, and a pulmonary vasodilator
were administered, resulting in clinical improvement and
a decrease in airway resistance. A cardiothoracic surgeon
was consulted for definitive surgical management; however,
the patient passed away before the scheduled surgery due
to septic shock.

Discussion and Conclusions

Tracheal stenosis (TS) can develop due to various causes,
including 1) intraluminal injury such as post-extubation or
injuries from tracheostomy; 2) external compression from
a tumor, lymph node, adjacent vascular, or other nearby
structure; 3) inflammation such as relapsing polychondritis,
tracheal papillomatosis, sarcoidosis, amyloidosis, or
granulomatosis with polyangiitis; 4) post-radiation; 5)
infection such as invasive pulmonary aspergillosis or post-
endobronchial tuberculosis, etc.; and 6) congenital structural
malformation®?. Patients with TS typically present with

Figure 1. A) Radial polydactyly on both upper extremities, B) Circumferential
tracheal stenosis from bronchoscope view, C) Pulmonary arterial sling (PAS)
from CT pulmonary angiogram.

$158

II'II:III

Wf“*ﬁ”ﬂwr“r.[}~’f‘ v
oy 3 - 8

/\k/\k/\,1 ﬁ | AN A A AN 1; | | ] | | | |
\/\J\/\;\/ﬁ/ 1,/\44[/\41/\»\1/\/4,"'“[/y : A A
» LB LA o LAt

MR ¥ G “
& i YRR
1)) i | TGS OB I 9 A

2 | a4
it il L T

\
1 | | | \
A A A A A A \»‘

Figure 2. Electrocardiogram demonstrated “Crochetage sign” or notching
R wave on inferior limb leads.

Figure 3. Color doppler echocardiography demonstrated secondum atrial
septum defect.

symptoms such as cough, shortness of breath, especially
during exertion, stridor, central monotonic wheezing that
is refractory to bronchodilators, cyanosis, dysphagia,
or recurrent pneumonia. TS patients are occasionally
misdiagnosed as having asthma. Treatment modalities
for TS vary based on the underlying cause such as anti-
microbial for infection, anti-inflammatory for autoimmune
disease or chemotherapy for cancer compression, and may
include tracheal surgical reconstruction, laser therapy,
bronchoscopic balloon dilatation, and tracheal stenting™.
In our case, TS was caused by external compression from
PAS, worsened by deteriorating pulmonary hypertension
resulting from hypoxic pulmonary vasoconstriction induced
by pneumonia.

PAS accounts for 20 to 60% of congenital TS cases®>.
PAS is characterized by the aberrant origin of one main
pulmonary artery from the contralateral main pulmonary
artery, with the common type being a left pulmonary
artery arising from the superior and posterior aspect of
the right main pulmonary artery. Complete ring formation
is observed in up to 80% of cases of PAS®. Symptom
severity tends to escalate when the ring is completely
formed. Coexisting intracardiac anomalies are found in
approximately 30% of PAS cases®. In our case, a secundum
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ASD was identified through observations of a heart murmur
and electrocardiogram (ECQG) finding of the Crochetage
sign. This Crochetage sign, characterized by notching in
the R wave of inferior leads resembling a crochet needle,
is highly specific to secundum ASD®. Other reported
cardiac conditions associated with PAS include patent
ductus arteriosus (PDA), ventricular septal defect (VSD),
left subclavian vena cava (LSVC), tetralogy of Fallot (TOF),
hypoplastic lung, absent lung, and bridging bronchus.
Additionally, radial polydactyly observed in both hands
of our patient contributed to the diagnosis of “Holt-Oram
syndrome”.

Holt-Oram syndrome (Mandelian Inheritance in Man
(MIM) No. 142900), first described by Holt and Oram in
1960, is a complex congenital syndrome and a prototype
of heart-hand syndromes”). The genetic abnormality is
located on the long arm of chromosome 12 (12q2)®.
Mutations in the TBXS gene are the underlying culprit and
can be identified in up to 74% of cases”. The TBXS5 gene is
expressed in the embryonic heart and forelimbs, governing
the transcription of downstream genes. Consequently,
mutations in this gene lead to anomalies in both hand
and heart development'?). Differential diagnoses of Holt-
Oram syndrome include heart-hand syndrome type II
(Tobatznik’s syndrome) and heart-hand syndrome type
III (MIM No. 140450); however, atrial septal defects are
usually absent in the latter two conditions"V. Holt-Oram
syndrome is transmitted as an autosomal dominant trait
with high penetrance; however, 85% of cases arise from
new mutations®. Limb malformations may range from mild
thumb abnormalities to the complete absence of the arm or
even additional phocomelia. Abnormalities can be present
on either the unilateral or bilateral sides, with a predilection
for the left rather than the right side and typically sparing
the lower limbs!*!?. Commonly affected areas include the
radial, carpal, and thenar regions®. Approximately 50%
of individuals with Holt-Oram syndrome manifest cardiac
malformations. Commonly observed cardiac abnormalities
were atrial and ventricular septal defects. Additionally,
cardiac conduction abnormalities, such as sinus bradycardia
and varying degrees of atrioventricular block, are also
frequently found'?. The prevalence of Holt-Oram syndrome
has been estimated at 0.95 per 100,000 total births®. Prenatal
genetic diagnosis is recommended for pregnant individuals
with a family history of Holt-Oram syndrome. Treatment is
directed at managing associated cardiac conditions.

Conclusion

The present case report highlights the rare coexistence
of Holt-Oram syndrome and pulmonary artery sling,
contributing to tracheal stenosis exacerbated by worsening
pulmonary hypertension. This complex clinical presentation
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emphasizes the importance of a thorough diagnostic
approach and multidisciplinary management in cases
involving rare and concomitant congenital disorders.

What is already known on this topic?

Holt-Oram syndrome is a genetic disorder characterized
by anomalies in the upper extremity bones and concomitant
heart disorders. Another congenital disorder, pulmonary
arterial sling, manifests as the left pulmonary artery
originating from the right pulmonary artery, forming a loop
around the trachea or esophagus.

What this study adds?

We unveiled a rare case where Holt-Oram syndrome
and pulmonary arterial sling are both present. The presence
of an infection induced hypoxic pulmonary vasoconstriction,
intensifying pulmonary hypertension and accentuating
tracheal stenosis associated with pulmonary arterial sling.
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