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Abstract 
The Holt–Oram syndrome or atriodigital dysplasia is an autosomal dominant disorder with near complete penetrance and variable 
expression, caused by mutations of the TBX5 gene (12q24.1), affecting one in 100 000 live births. 60% of cases are familial and 40% 
sporadic. We present the case of a 24 years old male patient with a personal history of bilateral coxa vara surgically corrected on the right 
at the age of 8 years, complicated by osteochondritis, short stature (160 cm), underweight (37 kg, BMI 14.45 kg/cm2), triangular face, 
micrognathia, down slanting palpebral fissures, hypertelorism, low set ears, scoliosis, narrow shoulders, shortened left arm, left thumb 
agenesia, limited supination, abnormal toes, hypoplastic muscles, atrial septal defect ostium secundum type, incomplete right bundle 
branch block, hypoacusia and normal intelligence. 
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 Introduction 

The Holt–Oram syndrome (HOS) or atriodigital 
dysplasia is a developmental disorder of the heart and 
upper limbs, first described by Holt and Oram in 1960, 
with autosomal dominant inheritance, near complete 
penetrance and variable expression, affecting one in 
100 000 live births; 40% of cases are sporadic [1]. 

Phenotypic features are represented by upper limb 
defects ranging from phocomelia to minor thumb 
anomalies and cardiac defects in 50–95% of cases, most 
often an ostium secundum type atrial septal defect and 
conduction anomalies; some patients have ocular 
defects and absence of the pectoralis major [2]. 

The responsible gene – TBX5 is located 12q24.1 
[3, 4] and belongs to the T-box gene family, which 
encodes a large family of transcription factors (more 
than 20 members identified in humans), with key role in 
embryonic development (differentiation of posterior 
mesoderm and axial development, control of the proper 
migration and modulation of adhesive properties of 
early embryonic cells). Mutations in T-box genes are 
responsible for HOS (TBX5), ACTH deficiency 
(TBX19), cleft palate with ankyloglossia (TBX22), 
ulnar-mammary syndrome (TBX3) and probably, 
DiGeorge syndrome (TBX1) [5]. 

TBX5 acts synergistically with NKX2-5 and 
promotes cardiomyocytes differentiation by binding to 
the promoter of the gene encoding cardiac-specific 
natriuretic peptide precursor type A (NPPA) [6]. TBX5 
also interact with GATA4 [7] and TAZ [8].  

Another target of TBX5 is connexin 40, expression 
of which is important for the conduction of electrical 

impulses throughout the heart [9].  
Target genes are also several cardiac-expressed 

genes including cardiac apha-actin, atrial natriuretic 
factor, cardiac myosin chains and SALL4. TBX5 and 
SALL4 interact both positively and negatively to 
regulate the patterning and morphogenesis of the 
forelimb and heart [10] SALL4 mutations are 
responsible for the Duane radial ray syndrome [11].  

More than 34 different mutations have been 
described, some of them reducing the DNA-binding 
activity of TBX5 and others generating loss of synergy 
in transcriptional activation between TBX5 and NKX2.5 
[12]. 

The null mutations cause severe cardiac and skeletal 
phenotypes and missense mutations affect differently 
the heart and the limbs [13].  

Patients with limb or heart defects alone may bear 
offspring with the complete syndrome [14]. 

 Patient and methods 

We present the case of a 24 years old male patient 
who was referred to the Department of Endocrinology 
for weight loss (5 kg in the last month), palpitations, 
fatigue, and low back pain. 

He was conceived at maternal age 23 years and 
paternal age 24 years and born after a normal 
pregnancy, at 38 weeks gestational age with a low birth 
weight (2.5 kg). The parents and sister were healthy and 
a brother, delivered prematurely, died in the neonatal 
period. 

At the age of 8 years, he was diagnosed with 
bilateral coxa vara, which was surgically corrected on 
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the right side and complicated by osteochondritis. 
Physical examination revealed short stature of 160 cm, 
underweight (37 kg) with a BMI of 14.45 kg/m2, 
particular craniofacial features (triangular face, 
micrognathia, down slanting, palpebral fissures, 
hypertelorism, low set ears, dental malpositions) 
(Figure 1), scarce body hair with normal genitalia, a 
cardiac murmur on the left side of the sternum and 
multiple skeletal anomalies (scoliosis, narrow shoulders, 
shortened left arm with complete thumb agenesia, 
limited supination, shortened right leg, abnormal toes, 
hypoplastic muscles) (Figure 2), normal thyroid, 
hypoacusia and normal intelligence. 

Skull X ray was normal (Figure 3) and hand X ray 
revealed left thumb agenesia, fused carpal bones on the 
left and bilateral Madelung deformity (Figure 4). 
Calcanean ultrasound densitometry was abnormal with a 
T score of -2.74 consistent with osteoporosis. Thyroid 
and abdominal ultrasound were normal. 

Echocardiography identified an ostium secundum 
type atrial septal defect with significant left to right 
shunt (QP/QS = 2), right chambers dilation and mild 
pulmonary hypertension (pulmonary artery pressure 
28mmHg) and electrocardiogram revealed an 
incomplete right bundle branch block. Subsequently, the 
atrial septal defect was surgically corrected by an 
Amplatzer device implant. 

Audiogram showed a mixed bilateral hypoacusia 
with transmission prevalence. Laboratory parameters 
(hemoglobin, blood cell count, ESR, urea, creatinin, 
glycemia, ionogram, hepatic enzymes, free thyroxine, 
TSH) were in the normal range except cholesterol and 
calcium levels which were low (133 mg/dL, 
respectively 8 mg/dL). Karyotype was normal, 46,XY. 
TBX5 genotyping was not available. 

 Discussions 

The association of upper limb anomalies with atrial 
septal defect and incomplete right bundle branch block 
was suggestive for the diagnosis of Holt–Oram 
syndrome. Strict diagnostic criteria for HOS comprise 
the presence of preaxial radial ray malformation of at 
least one upper limb along with a personal or a family 
history of septation defects and/or atrioventricular 
conduction disease [15]. If this criterion is meet TBX5 
mutations are found in 74% of cases.  

The case we presented seems to be sporadic because 
his parents and sister were apparently healthy but minor 
heart or limb defects could be revealed only by 
echocardiography and radiological examination, which 
were not performed in his first-degree relatives. 

In HOS, radial ray development is abnormal and, 
although bilateral, the left side is more significantly 
affected [14]. 

The thumb is the most commonly affected structure 
(it can be absent, hypoplastic or triphalanged) and is 
usually associated with hypoplastic thenar or limited 
supination of the forearm. Severity ranges from 
phocomelia to clinodactily, limited supination and 
sloping shoulders. Radial hypoplasia ranges from 
complete absence (in this case ulnar ray development 

may be affected too) to mild hypoplasia that can be 
detected only by radiograph. Hypoplasia of the 
shoulders, clavicles and humerus had also been 
reported. Associated muscular hypoplasia of the 
forelimb correlates with the severity of skeletal 
involvement. There is also a positive correlation 
between the severity of the limb and cardiac defects and 
both cardiac and limb defects are more severe in 
sporadic cases [2]. 

Skeletal features in the presented case were more 
complex, involving more than the forelimbs; scoliosis, 
coxa vara, abnormal first toes, hypoplastic mandible 
with retrognathia were also present. The mixed type 
hypoacusia may be explained by an abnormal 
development of the temporal bone.  

Cardiac involvement was typical for HOS. Analysis 
of the literature showed that single cardiovascular 
malformations such as atrial septal defect, ventricular 
septal defect, patent ductus arteriosus were reported in 
66% of cases while 17.5% of patients had more 
complex cardiac defects (hypoplastic left heart, total 
anomalous pulmonary venous return, endocardial 
cushion defects, truncus arteriosus) [16].  

Pulmonic stenosis and mitral valve prolapse were 
also reported and cardiac arrhythmias include 
paroxysmal tachycardia, prolonged PR interval, 
wandering atrial pacemaker, atrial ectopics, 
atrioventricular and sinus bradycardia. 

The presence of palpitations in our patient associated 
with weight loss raised the suspicion of hyperthyroidism 
which was infirmed by the normal level of FT4 and 
TSH. The low bone mass revealed by bone 
densitometry suggests, according to the age of the 
patient, that a normal peak bone mass was not achieved 
due to the underlying skeletal defect. 

 Conclusions 

Phenotypic expression of Holt–Oram syndrome is 
variable, ranging from subtle skeletal and cardiac 
abnormalities to pronounced manifestations that can be 
lethal. Even in milder forms, with atrial septal defect of 
the ostium secundum type, surgical repair may be 
required. The presence of a thumb anomaly, which is 
easily recognizable, would indicate screening for 
cardiac defects.  
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Figure 1 – Craniofacial appearance:
micrognathia and low set ears

Figure 2 – Phenotypic aspect

Figure 3 – Skull X-ray

Figure 4 – Hand X-ray showing absent left thumb, fused
left carpal bones and bilateral Madelung diformity
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