



Case report 

Complete atrioventricular block: An unusual presentation of Holt-Oram Syndrome
Abstract
Background: Holt-Oram syndrome (HOS) is a rare autosomal dominant disorder characterized by congenital upper limb malformations and cardiac anomalies. While structural cardiac defects such as atrial septal defects (ASDs) are commonly reported, isolated conduction abnormalities as the initial manifestation are unusual.
Case Presentation: We report the case of an 18-year-old female who presented with exertional syncope. Electrocardiography revealed a third-degree atrioventricular (AV) block with a ventricular rate of 35 bpm. Physical examination demonstrated bilateral radial deformities and thumb hypoplasia. Genetic testing revealed a pathogenic TBX5 mutation, confirming Holt-Oram syndrome. A dual-chamber pacemaker was implanted with favorable clinical evolution.
Discussion: This case underscores the importance of considering syndromic causes in young patients with unexplained conduction abnormalities, especially when skeletal anomalies are present. Early diagnosis facilitates optimal management, genetic counseling, and family screening.
Conclusion: Holt-Oram syndrome should be considered in young patients with syncope and AV block, particularly in the presence of congenital upper limb deformities.
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Introduction
Holt-Oram syndrome (HOS) is a rare autosomal dominant genetic disorder characterized by abnormalities of the upper limbs and cardiac anomalies, particularly septal defects and conduction system disease. It was first described in 1960 by Holt and Oram, who identified the combination of atrial septal defects and radial ray deformities in multiple members of the same family [1].
The syndrome is caused by mutations in the TBX5 gene, located on chromosome 12q24.1, encoding a transcription factor essential for cardiac and limb development [2,3]. While septal defects are the most common cardiac manifestation, AV conduction abnormalities such as first-degree block, bundle branch blocks, and complete heart block are increasingly recognized and may occur in isolation [4–6].
The estimated incidence of HOS is 1 in 100,000 live births. Although most cases are familial, approximately 40% result from de novo mutations [7]. The phenotypic spectrum is broad, ranging from mild thumb hypoplasia to complete radial aplasia, and from asymptomatic conduction delays to severe congenital heart defects or sudden cardiac arrest.
Advancements in molecular diagnostics and increasing awareness of genotype-phenotype correlations have improved the detection and management of this syndrome [8–10]. This case illustrates an atypical presentation of HOS revealed by complete AV block in a young woman with known upper limb anomalies.

Case Presentation 
An 18-year-old female presented to the emergency department with recurrent exertional syncope and dizziness over a period of three months. There were no associated palpitations, chest pain, or prior cardiovascular diagnoses.
Her past medical history was significant for congenital deformities of both upper limbs, including bilateral radial deviation and thumb hypoplasia, which required orthopedic interventions in childhood. There was no known history of cardiac malformations in infancy.
Family history revealed that her father had received a permanent pacemaker at age 54 for complete AV block. No skeletal deformities were reported in other family members.
On physical examination, she was bradycardic with a heart rate of 36 bpm. Blood pressure was 110/65 mmHg. Cardiac auscultation revealed regular rhythm with no murmurs. There was evident bilateral hypoplasia of the thumbs and radial deviation of the forearms.
ECG showed complete AV block with atrial activity dissociated from a junctional escape rhythm at 35 bpm. Temporary transvenous pacing was initiated. Laboratory tests, including thyroid function, electrolytes, angiotensin-converting enzyme levels, and inflammatory markers, were unremarkable. Serologic tests for autoimmune disorders (ANA, anti-Ro, anti-La) and Lyme disease were negative [11,12].
Transthoracic echocardiography showed structurally normal chambers with preserved biventricular function and no residual septal defects. Pediatric records documented spontaneous closure of small ASD and VSD identified in infancy.
Given the clinical suspicion of a syndromic form of conduction disease, genetic testing was pursued. Sequencing revealed a pathogenic variant in TBX5, confirming the diagnosis of Holt-Oram syndrome.
A permanent dual-chamber pacemaker was implanted. Post-procedure recovery was uneventful. At 6-month follow-up, she remained asymptomatic with normal pacemaker function.
Cascade genetic testing of family members revealed that her father carried the same TBX5 mutation, confirming autosomal dominant inheritance with variable penetrance.

Discussion
Holt-Oram syndrome results from mutations in the TBX5 gene, a transcription factor involved in mesodermal patterning, particularly in the development of the atrial septum, conduction system, and upper limbs [2,3]. The syndrome displays a wide phenotypic variability, even within the same family.
While over 85% of patients present with structural heart defects, particularly ASDs and VSDs, 20–30% may develop progressive conduction system disease [4,13]. In rare cases, like our patient, complete AV block can be the initial or predominant manifestation [5,14].
Recent studies have highlighted the importance of genotype–phenotype correlations in HOS. Specific TBX5 mutations, including gain-of-function variants, have been associated with isolated conduction abnormalities or arrhythmias without major structural defects [6,15,16].
The case presented here emphasizes the importance of recognizing syndromic patterns in cardiac presentations. The coexistence of upper limb malformations and high-grade AV block in a young patient is a strong indication to consider HOS.
Upper limb anomalies typically involve preaxial structures (thumb and radius). In our patient, thumb hypoplasia and radial deviation were consistent with classical HOS limb findings.
Family history is often suggestive but may be misleading due to variable expression. Patient’s father had no skeletal anomalies but shared the same genetic mutation, confirming the role of incomplete penetrance, which is well-documented in recent genetic cohort studies [7,17].
Management of conduction disease in HOS follows standard bradycardia guidelines. Permanent pacemaker implantation is indicated for symptomatic complete AV block. The 2018 ACC/AHA/HRS and 2021 ESC guidelines emphasize early device therapy in young patients with symptomatic high-degree AV block, particularly when genetic syndromes are implicated [18,19].
In addition to acute treatment, the diagnosis of HOS warrants lifelong cardiac surveillance, genetic counseling, and family cascade screening. Advances in next-generation sequencing have improved mutation detection and risk assessment for asymptomatic carriers [8,20].
[bookmark: _GoBack]Recent literature also recommends interdisciplinary management, including cardiology, medical genetics, orthopedics, and in some cases, prenatal counseling [21]. Data from long-term studies suggest that early identification and intervention, especially for conduction disease, significantly improve prognosis and reduce morbidity [22,23].
This case also illustrates the importance of reviewing pediatric and orthopedic history, which can provide diagnostic clues often missed during cardiology-focused evaluations. Limb anomalies present at birth should prompt early cardiovascular screening, particularly in syndromes like HOS.


Conclusion
Holt-Oram syndrome is a rare but important cause of cardiac conduction disease in young patients. The presence of congenital upper limb deformities should prompt consideration of syndromic causes. Genetic testing, particularly for TBX5 mutations, is essential for diagnosis and family risk stratification.
Genetic testing, particularly for TBX5 mutations, is essential for diagnosis and family risk stratification [25]
Early identification and appropriate pacing therapy can prevent complications from conduction disturbances. This case underscores the value of a comprehensive, multidisciplinary approach in evaluating syncope and bradycardia in the young population.
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Fig. 1. Echocardiogram of patient
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