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Abstract

Holt-Oram syndrome (HOS) is a rare monogenic disorder charac-
terized by upper limb abnormalities, congenital heart defects and/
or conduction abnormalities. It is determined by mutations of TBX5 
gene and is inherited in an autosomal dominant manner. Penetrance 
is complete, but variable expressivity is present, which gives some-
times diagnostic difficulties. Our case is a young adult with a per-
sonal history of preaxial polydactyly operated in infancy, multiple 
cardiac malformations (atrial septal defect, bicuspid aortic valve, left 
ventricular non-compaction) and radiologic findings consistent with 
HOS. Family history is negative for HOS. In conclusion, we present a 
case of HOS diagnosed in the adult period to highlight the diagnostic 
problems for the proband and the family and the importance of an 
early diagnostic.
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Introduction

Holt-Oram syndrome (HOS; MIM 142900) is a rare mono-
genic disorder characterized by upper limb abnormalities, con-
genital heart defects (CHD) and/or conduction abnormalities 
[1]. HOS is the most common heart-hand syndrome (defined 
by congenital heart defects associated with skeletal abnormali-
ties of the upper limb) usually associated with an atrial septal 
defect (ASD). Uncommon subtypes of heart-hand syndrome 
are Tabatznik syndrome (type II; arrhythmias and brachytele-
phalangy) and Spanish variant (type III; arrhythmia and brach-
ydactyly type C) and potential Slovenian type (type IV; ar-
rhythmia, dilated cardiomyopathy, brachydactyly) [2].

HOS was first described by Mary Clayton Holt and Samu-
el Oram in 1960, when they reported members of a family with 
thumb abnormalities and ASD. The birth prevalence of HOS 
is estimated to be about 0.7 in 100,000 births without gender 
differences [3].

HOS is an autosomal dominant condition, being caused by 
a mutation in TBX5 gene (located on chromosome 12q24.1). 
Majority of the mutations are de novo. TBX5 is expressed es-
pecially in the heart and forelimb, but also in lungs and eyes 
[4]. TBX5 is a protein coding gene that consists in nine cod-
ing exons. The gene belongs to T-box domain. These T-box 
domains contain about 180 amino acid residues. These genes 
encode transcription factors involved in development regula-
tion. Most mutations described in HOS are mutations within 
the T-box domain. The gene expression of TBX5 is different 
across the heart tube being maximal at the inflow tract of the 
heart [5]. The other cardiac regions with TBX5 expression are: 
sinus venosus, atria, atrioventricular canal, left ventricle (LV), 
and right ventricle trabeculae. For this reason, there are effects 
on cardiac conduction system in atrioventricular node, atria, 
His bundle and bundle branches [5, 6]. Transcription factor 
has not effects on selected clinical outcomes (survival, growth, 
neurodevelopment, ventricular function) [7].

In heart development, many gene networks are involved 
and TBX5 interacts with some of them. The product of TBX5 
gene has a combined action with GATA4 gene and presents a 
synergistic action with Nkx2-5 gene in coactivation of ANF 
gene by binding to their promoter region (cardiac-specific 
natriuretic precursor peptide type A) [8]. Another mechanism 
for TBX5 in heart development is the interaction TBX5-nucle-
osome remodeling and deacetylase repressor complex with 
consequences in cardiac septation [9].

TBX5 gene is involved in forelimb specification and out-
growth and is expressed from the earliest stages of forelimb 
development. TBX5 plays also a role in dorsoventral pattern-
ing of the eye, but pathogenic variants are not known to result 
in ocular abnormalities in humans [10]. Recent studies sug-
gest that the KLF13 gene could be a modifying gene for TBX5 
gene. The Tbx5 heterozygote mice with Klf13 heterozygote 
status shows no detectable cardiac defects, but loss of a second 
Klf13 allele determines at the same mice the appearance of 
cardiac defects specific for HOS [11].

Mutations in TBX5 gene were identified in more than 70% 
of cases with clinical signs of HOS. More than 70 mutations 
have been described in HOS. Pathogenic variants described 
were: missense or nonsense substitutions, large deletion of 
multiple exons, frameshift mutation, intragenic duplications 
[12]. The consequences of the mutations are haploinsufficien-
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cy, transcripts with a low DNA binding activity, or dominant-
negative effect on downstream targets [12].

The disease is a pleiotropic disorder with complete pen-
etrance, but with a variable expressivity, even in the same fam-
ily.

The diagnosis of HOS is essentially clinical. Clinical di-
agnostic criteria of HOS include CHD and/or conduction de-
fects and preaxial radial anomalies in at least one upper limb 
identified by X-ray examination. The cardiac and upper limb 
abnormalities may vary in presentation, from structural car-
diac anomalies to conduction disorders, respectively from an 
abnormal carpal bone or triphalangeal thumb to bilateral phoc-
omelia. To note that the upper limb abnormalities can be very 
subtle, sometimes the only abnormality is a delayed carpal 
bone age on wrist radiographs [13].

The main clinical characteristics are: upper-limb malfor-
mation, CHD, cardiac conduction disease and for each catego-
ry there are many variants of presentation (Table 1 [1, 13]). All 
patients present a forelimb anomaly and 75% of patients with 
HOS have a structural cardiac anomaly, isolated septal defects, 
usually ASD or ventricular septal defects (VSD) involving the 
trabecular septum, being the most common. Approximately 
25% of patients have complex CHD [1].

The purpose of this paper is to highlight the importance of 
an early diagnostic, to prevent the complications and to iden-
tify other risk family members.

Case Report

A 18 years and 5 months male presented with pediatric history 
of polydactyly of the right hand that was operated at the age 
of 4 years (surgical scar of the thumb) (Fig.1), dilated cardio-
myopathy and severe mitral regurgitation discovered at the age 
of 2 months; after the investigation of a systolic murmur, later 
complicated with a left ventricular (LV) thrombus, who was 
then diagnosed with valvular changes (thickened aortic valve, 
mitral valve (MV) prolapse) and ostium secundum ASD with 
left to right shunt at the age of 3 years.

When addressing to the cardiology clinic, the patient had 
no symptoms and normal effort tolerance, declaratory. Clini-
cally, he had perioral cyanosis, blood pressure of 110/70 mm 
Hg, heart rate (HR) of 85 bpm and a systolic 2/6 murmur at 
the apex.

The electrocardiogram (ECG) reveals a HR of 85 bpm, 
a heart axis of +60°, peaked P waves (P pulmonale) in II, III, 

Table 1.  Clinical Characteristics in HOS [1, 13]

Main clinical characteristics Defects Observations
Upper-limb malformation Carpal bones malformations 100%

Triphalangeal or absent thumb(s)
Preaxial polydactyly (duplication of the thumb)
Aplasia/hypoplasia of the radius
Abnormal forearm pronation and supination
Abnormal opposition of the thumb
Sloping shoulders/restriction of shoulder joint movement

Congenital heart defect ASD 75% ASD: the most common
VSD
Pulmonary atresia/stenosis
Double outlet right ventricle
Aortic valve insufficiency
Aortic valve stenosis
Tricuspid atresia
Mitral valve abnormality
Patent ductus arteriosus
Pentalogy of Fallot
Tetralogy of Fallot
Common arterial truncus
Dextrocardia
Right aortic arch

Cardiac conduction disease Sinus bradycardia
Atrioventricular (AV) block
Atrial fibrillation
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aVF and LV hypertrophy (Sokolow Lyon criteria) (Fig. 2).
The transthoracic echocardiogram (TTE) shows a mildly 

dilated LV (adjusted for body surface area, 3.2 cm/m2), but 
with the rest of cardiac chambers within normal limits, a thick-
ened MV, mainly the anterior MV, with an adjacent calcified 
cord. The MV closes with grade 2 - 3 mitral regurgitation with 
eccentric jet pointing to the posterior wall of the left atrium, 
but without the appearance of MV prolapse. The aortic valve 
appears tricuspid, thickened. An ostium secundum ASD is 
noted, with left to right shunt (Fig. 3). The TTE also reveals 
trabeculations of the LV lateral wall (Fig. 4), septal and ante-
rior wall hypokinesis, and global LV ejection fraction of 50%.

Due to the multiple changes that have been found on TTE, 
we turned to transesophageal echocardiography (TEE) for a 
better assessment of associated lesions and to visualize a pos-
sible MV prolapse as etiology of the mitral regurgitation. Thus, 
it has been noticed that the aortic valve was actually bicuspid, 
the right coronary cusp and the noncoronary cusp being weld-
ed together by a hyperechoic raphe (Fig. 5). No MV prolapse 
aspect was noticed. For the diagnosis of ASD, a bubble con-

trast echocardiogram was performed with the detection of left 
to right shunt by negative contrast effect (Fig. 6).

Considering the multiple cardiac abnormalities found in 
this 18-year patient, we took a closer look at the antecedents 
of polydactyly of the hand, thinking of a genetic disorder that 
affects both heart and hand. We continued with radiologic in-
vestigation of upper limbs and genetic testing by multiplex li-
gation-dependent probe amplification (MLPA) for TBX5 gene, 
in this purpose. The radiographic imaging of the hands showed 
a delayed bone age, corresponding to a 16-year patient, small 
sized bilateral trapezium and trapezoid bones that are partly 
overlapped, hypertrophic bilateral pisiform bones and a meta-
carpophalangeal angle over 5° at the third and forth digits (Fig. 
7).

Genetic testing was done by MLPA using the SALSA 
MLPA P180 Limb malformations-2 probe mix (MRC-Hol-
land, Amsterdam, Netherlands). The result was normal and 
duplications or deletions in the nine exons of the TBX5 gene 
were ruled out. The patient will be tested by sequence analysis 
in order to detect the pathogenic variant in TBX5.

Two of the family members (mother and sister’s proband) 
are also screened by clinical exam, ECG, TTE and posteroan-
terior radiograph of both hands. All these were without patho-

Figure 1. Right hand: surgical scar of the thumb.

Figure 2. 12-lead ECG: sinus rhythm of 85 bpm, AQRS +60°, LV hypertrophy and P pulmonale.

Figure 3. TTE (parasternal short axis view): ASD with left to right shunt.
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logical changes. The father and the old brother were not ex-
amined because they are abroad, but there are no significant 
antecedents for HOS.

Discussion

The management of patients with HOS involves a multidisci-
plinary team consisting of a specialist in cardiology, orthope-
dics (especially specialist in hand surgery), medical genetics. 
Often the specialist in hand surgery is the one that comes first 
in contact with such a patient.

Radial defect is the most common deficiency of the upper 
limb (prevalence 1:30000). It is characterized by the unique 
or combined presence of the following signs: impaired radius 
(hypo- or aplasia), carpal bones (scaphoid and trapezium), 
thumb and metacarpal bone of the thumb [14]. In two-thirds 
of cases are associated with other congenital defects. Preaxial 
polydactyly is defined as the presence of additional fingers of 
the radial/tibial side of hand/foot. The incidence is 0.08 - 1.4 
in 1,000 live births [15]. Manifestations are bilaterally in the 
vast majority of cases, and the left hand is severely impaired 
compared to the right one. Because ossification is incomplete 
in childhood, it is impossible to highlight changes in carpal 
bones at this time.

In our case it seems to be polydactyly type IV (Wassel 
classification) with complete duplication of both phalanges 

but with only one metacarpal bone. The abnormalities of car-
pal bones are bilateral, but supplementary thumb was present 
only on the right side. The carpal bones changes were: bilateral 
hypertrophic pisiform, small bilateral trapezium and trapezoid 
bones and delayed bone age. An abnormal large pisiform was 
described in some cases of HOS [16]. Delayed bone age was a 
radiological sign in others patients with HOS [17].

CHD are one of the most frequent congenital abnormalities 
in 1% to 2-3% newborns (if minor defects are included). The 
incidence of CHD in HOS is high (75%). The clinical effects 
could be severe. In complex CHD the mortality remained high, 
despite the progresses of cardiac surgery. More defects were 
identified in our patient: ASD, bicuspid aortic valve, LV non-
compaction. ASD is the most common CHD in HOS. An asso-
ciated finding in this patient was the LV non-compaction meet-
ing Jenni criteria. A few cases of LV non-compaction in HOS 
have been reported in the literature, apparently not determined 
determined by TBX5 mutation, but further studies are needed 
[18]. The risk consists in the development of subsequent car-
diomyopathy, arrhythmias and thromboembolism [19].

Patients are at risk for cardiac conductive defects, mainly 
sinus bradycardia, first-degree atrioventricular block or right 
bundle branch block. In this case, we noted intraventricular 
conduction disorder manifesting as slurring of QRS in aVL 
and V3. Atrial fibrillation, atrial flutter or sudden cardiac 
deaths have also been reported [16].

HOS is inherited in an autosomal dominant manner, but 
just in 15% of cases the patient has an affected parent. The 
family history is negative for HOS, but it may be apparently 
negative because of failure to recognize the signs and symp-
toms of HOS, early death of a person before the onset of symp-
toms, and mild phenotype with late onset of symptoms. The 
genetic tests are recommended to all first-degree relatives if the 
mutation is known in proband, otherwise the tests like ECG, 
TTE and wrist radiograph are recommended for the screening 
of clinical changes. Posteroanterior wrist radiograph is very 
important because the carpal bones abnormalities are present 
in 100% of the cases and sometimes are the unique sign of this 
disorder [12]. Mother and sister are normal in our cases, and 
father and brother will be investigated.

Genetic testing by MLPA was normal in our patient, but 
this result does not rule out the HOS because this technique 
does highlight only TBX5 gene deletions/duplications and on 

Figure 4. TTE (parasternal short axis view): trabeculations of the LV 
lateral wall with a non-compacted endocardial layer and a thin com-
pacted layer.

Figure 5. TEE (short axis view): bicuspid aortic valve.

Figure 6. TEE (bicaval view): negative contrast effect showing the left 
to right shunt in ASD.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org328

Holt-Oram Syndrome Cardiol Res. 2018;9(5):324-329

the other hand the pathogenic variant was identified just in 
74% of cases with strict clinical criteria [20].

HOS is a pleiotropic disorder, in which the main anatomic 
regions implicated are the heart and the upper limbs. Because 
of variable expressivity the diagnosis is sometimes delayed. 
An early diagnosis is necessary for preventing complications 
in patients and for identifying other family members at risk.
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