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Ebstein’s anomaly in a child with osteogenesis 
imperfecta type I
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Summary

Cardiovascular involvement is relatively rare in osteogenesis
imperfecta and has a  predilection for left-sided cardiac val-
ves. We report a 5 years old female child  affected by osteo-
genesis imperfecta type I in which an asymptomatic  mild
form of Ebstein’s anomaly, a congenital tricuspid malfor-
mation, was diagnosed during routinely investigation. The
association of these two relatively rare entities could pro-
vide new insight  to better understand the pathogenesis of
cardiac involvement in osteogenesis imperfecta. 
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Introduction

Ebstein’s anomaly (EA) is an uncommon congenital heart defect
occurring in about 1 per 20.000 live births and accounting for 0.5-
1% of all congenital heart disease. The malformation is charac-
terized by downward displacement of the septal and posterior lea-
flets of the tricuspid valve with adherence to the underlying myo-
cardium. The degree of displacement varies from minimal to very
severe. The proximal portion of the right ventricle in continuity with
the right atrium is thin and dysplastic and defined as “atrialized”.
EA shows a spectrum of phenotypic expressions, mainly due to
hemodynamic effects, ranging from severe forms incompatible with
neonatal life to mild form that may come to clinical attention late

in life, if at all. It may present at any age and variable clinical cour-
ses are correlated with the age of presentation (1).
Osteogenesis Imperfecta (OI) is an inherited disorder that
most often involves a mutation in one of the two genes
(COL1A1, COL1A2) for type I collagen, a major structural com-
ponent of musculo-skeletal and cardiovascular connettive tissue,
occurring in 1 out of 20,000 to 30,000 live births. To categorize
OI patients according their different clinical presentation in 1979
Sillence et al. proposed a classification based on 4 different grou-
ps (I-IV) subsequently updated to the current VIII (2). Multiple
fractures and skeletal deformity are the hallmark of OI but cli-
nical presentation could also involve different apparatus like  eyes,
dentine, middle and inner ear, integument, tendons, ligaments
and cardiovascular structures. Cardiovascular involvement is re-
latively rare in OI and has a  predilection for left-sided cardiac
valves (3).
Herein is reported the case of a five-years old child affected by
OI type I associated to a mild form of EA, a congenital right- si-
ded cardiac disease.

Case report

The female proband was the first child of healthy, unrelated and
phenotipically normal parents. She was born at term by sponta-
neous delivery after an uneventful pregnancy. Starting from 20
days of life multiple bone fractures associated with low bone den-
sity in the entire skeleton were detected. No further evaluation
has been performed until she was referred to the Pediatric De-
partment of the University of Rome at the age of five to confirm
the diagnosis. Clinical investigations revealed normal body wei-
ght and height referred to age and sex. Faintly bleu sclerae, nor-
mal dentinogenesis  and dysmorfic triangular face with frontal bos-
sing, hollow-eyes, hypotelorism, micrognathia were also present.
Ligamentous laxity, generalized hypotonia and hypotrofia, legs
eterometria, bowlegs, mild dorsal iper-kyphosis, bilateral coxa val-
ga, flat valgus feet were also detected at clinical examination. Car-
diac evaluation revealed normal perfusion and pulses, normal fir-
st and second heart sound without murmurs. Her blood pressu-
re was always within the normal range and her heart rate was re-
gular. The patient did not experience arrhythmias, exercise in-
tolerance or other symptoms associated with cardiac failure. Elec-
trocardiogram and chest X-radiography were normal. A tran-
sthoracic echocardiography, performed as routinely investigation
for OI, showed a mild displacement of the septal leaflet of the tri-
cuspid valve towards the apex of the right ventricle with a mo-
derate regurgitation (Figure 1). A small atrial septal defect ostium
II type with left-to-right shunt was associated. The systolic pul-
monary arterial pressure was about 30 mmHg. On the basis of
these features a diagnosis of EA was made. Mutation analysis,
based on DHPLC screening, revealed a nonsense mutation
[c.199A>T; p.Lys67X] in exon 2 of COL1A1 gene consistent with
OI type I diagnosis. The patient has been treated with cyclical in-
fusion of neridronate for 18 months and a removal of Rush nails
with intramedullary fixation with Ten nail  was performed. The phar-
macological and surgical treatment resulted in slight improvement
of her clinical condition. The patient was lost after two years of
follow-up. 
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Discussion

We report a child  affected by OI type I with  a mild form of Eb-
stein’s anomaly. During follow-up the patient did not present
arrhythmias, exercise intolerance or other symptoms associated
with cardiac failure. It is not surprising considering that many pa-
tients with mild forms of EA remain asymptomatic until adult age
and in our case the phenotypic expression of cardiac symptoms
could be prevented by OI-induced skeletal deformities causing re-
duced functional capacity to undertake exercise. 
Unlike the other more common connective tissue disorders, car-
diovascular involvement is relatively rare in OI, and the degree of
cardiovascular  involvement does not correlate with the severity
of skeletal disease. The disease usually affects left-sided cardiac
structure being aortic root dilation the most commonly reported
cardiovascular abnormality with a prevalence ranging from 12%
to 28% in different series (3). The most common left-side valvu-
lar abnormality is aortic regurgitation, followed by mitral regurgi-
tation and mitral valve prolapse. Other less common cardiac ma-
nifestations include aortic dissection, sinus of Valsalva aneurysm,
and coronary artery dissection. These abnormalities tend to oc-
cur late in the disease reflecting connective tissue abnormalities
of valvular  apparatus represented by cystic medial necrosis, myxoid
degeneration, decreased and disorganized collagen architectu-
re. Animal models of OI, suggested that increased hemodynamic
stress  on the left side of the heart may play a role in the pre-
ponderance of left cardiac pathology (4). 
To date only three patients affected by OI have been reported with
right-side cardiac involvement. Khashu et al. (5) described a neo-
nate  with a severely dysplastic tricuspid valve and right ventricular
hypertrophy that was difficult to differentiate from tricuspid dy-
sfunction secondary to intrauterine circulatory abnormalities lea-
ding to postnatal pulmonary hypertension. In the other two cases
a diagnosis of EA was made (6,7). The first concerns a 46-years-
old woman that presented in addition prolapse of the mitral and
aortic valves. The second report refers to the autopsy findings of
a neonate affected by a severe form of EA without alteration of
the left side of the heart including the aortic and mitral valves.
Authors suggested that  the development of EA may reflect a sy-
stemic expression of a defect in collagen synthesis. The involvement
of genes codifying collagen synthesis in the pathogenesis of EA
seems to be supported by the occurrence of this rare cardiac ab-
normality in other connective tissue genetic disorder that include
Marfan’s syndrome and Ehlers-Danlos syndrome. Of interest are

the results of genetic studies performed on canine animal model
affected by tricuspide valve malformation, the equivalent of EA in
dogs. The authors identified a group of candidate genes located
in a critical interval that is homologous to a gene rich region of hu-
man chromosome 17q 12 to 17q 23, including COL 1A1 (8). In this
view, it is likely that in OI patients with this rare congenital heart
disease, the genetic mutation of collagen type I could alter the val-
vular morphogenesis in the prenatal period. Therefore, mutations
of COL1A1 gene seems to be at the same time an etiologic fac-
tor for the congenital right sided malformation as well as for the
acquired stress-induced and late onset cardiac anomalies in the
left side described in adults. 
In conclusion, our case reinforces the importance of collagen type
I in valvular morphogenesis suggesting a pathogenetic role of mu-
tational events of COL1A1 in the development of EA. The asso-
ciation of these two relatively rare entities could provide new in-
sight  to better understand the pathogenesis of cardiac involve-
ment in OI. 
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Figure 1 - Two-dimensional echocardiography. Apical 4-
chamber view shows a mild displacement of the septal
leaflet of the tricuspid valve (arrow). The anterior  leaflet
is normally mobile. RA, right atrium; LA, left atrium; RV,
right ventricle;  LV, left ventricle.
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