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Echocardiographic findings in children with osteogenesis imperfecta
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Abstract

Background: Osteogenesis imperfecta (Ol) is a group of genetic
disorders characterized by significant variation, which is due to
qualitative or quantitative defects in the production of collagen. The
prevalence of cardiovascular abnormalities in Ol patients is unknown.
This study aimed at investigating cardiac involvement in Ol children
using Echocardiography.

Methods: This cross-sectional research was performed on 65 patients
diagnosed with Ol in a children’s hospital in Tehran, Iran, from 2011 to
2012. The classification of Ol was based on the Sillence criteria. A
consultation with a skilled pediatric cardiologist was scheduled for the
subjects, and echocardiography was carried out, using the Samsung HS70
ultrasonography machine (Medison Co., Seoul; South Korea). Data
analysis was done using SPSS-22, chi-square and t-tests. The exact P-
values were determined and P-values <0.05 were regarded significant.
Results: Sixty percent of patients were male and 40% were female, with
an average age of 6.95+4.36 years (ranged from 2 months to 17 years),
respectively. Based on the Sillence classification, 20% of the cases were
categorized in subtype I, 47.7% in subtype 111, and 32.3% in subtype IV.
The prevalence of aortic root dilatation, mitral valve prolapse (MVP),
mitral regurgitation (MR) and tricuspid regurgitation (TR) were 13.8%,
15.38%, 7.6% and 15.38%, respectively. The MVP and female gender
showed a significant relationship, whereas there was no relationship
between MVP and patients’ subgroups.

Conclusions: Due to the significance of cardiac involvement in Ol,
echocardiography is recommended for all children with Ol.
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Introduction

Osteogenesis imperfecta (OI) or “brittle bone disease” is an inherited
disease of bone fragility and bone fractures in addition to extra skeletal
involvement like musculoskeletal complication, ocular and dental
problems, and early hearing loss " *. Ol is associated with dentinogenesis
imperfecta, blue sclera, short stature and sensory neural deafness * “.
Proximal muscle weakness, laxity of joints and dental malocclusion are
common, as well “ °!. In 1979, Sillence et al. developed a classification of
Ol subtypes considering clinical characteristics and Ol severity, in which
Ol type | is mild and common with blue sclera, Ol type Il is lethal, Ol
type 111 is severe and progressive and Ol type IV has a moderate severity .
Defects in collagen type | synthesis or collagen structure lead to Ol .
Collagen type | is one of the most important parts of the bone and other
organs such as heart; therefore, a reduction in the amount of
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collagen | or changes in its biosynthesis may affect the
function or structure of heart in patients with OI /.

In recent years, the cardiovascular abnormality in Ol
patients has been more considered; however, there are a
few numbers of studies on pediatric population "% **.

This study aimed at investigating cardiac

involvement in Ol children.

Methods

The present cross-sectional research was conducted
in the Pediatric Endocrinology Clinics of Mofid
Children Hospital in a one-year period (2011-2012).
Inclusion criterion was Iranian children aged 1 month
to 18 years with bone fragility disorder. Totally 70
patients with a history of multiple fractures with
minimal trauma were entered into the current study.
The patients’ history was taken and physical
examinations were performed by one endocrine
pediatrician. Patients with endocrine disorders or
mineral abnormality were excluded from the present
study. After excluding other causes of fractures, the
diagnosis was made based on clinical manifestations
and physical examinations. A total of 65 cases were
diagnosed with Ol and classified into 3 subtypes
according to the Sillence et al.’s classification "/,

Informed consent was obtained from one of their
parents, and then demographic information including
gender, age, weight, height, the time of first fracture
and the number of fractures was collected. The body
surface was calculated using the weight/height?
formula.

Cardiac examination was performed
echocardiographically by an expert pediatric
cardiologist using the Samsung HS70 ultrasonography
machine (Medison Co., Seoul; South Korea).
Transthoracic two-dimensional, M-mode and Doppler-
derived echocardiography was done based on the
American Society of Echocardiography guidelines 2.

Patients were placed in the left lateral decubitus
position, while resting. Images were obtained using
standard subcostal four-chamber, apical four-chamber,
parasternal long axis and short axis, and suprasternal
long-axis views.

All structural and valvular abnormalities were
evaluated. Mitral regurgitation (MR) was considered
pathologic after observing in at least 2 views with jet
velocity of more than 2 cm, peak Doppler velocity of
greater than 3m/s and pansystolic jet in at least 1
envelope based on the American Heart Association
criteria */. The aortic root diameter was measured and

compared with normal values for body surface area .
All data were recorded on prepared forms. Data were
analyzed using SPSS 22, chi-square and t-test. The
exact P-values were calculated whenever needed, and
the significance level was considered 0.05.

Results

This study was conducted on 65 patients with Ol, of
whom 60 and 40% were male were female with the
average age of 6.95+4.36 years (ranged, from 2 months
to 17 years), respectively. According to the Sillence et
al.’s classification "), 20% of the patients belonged to
subtype I, (31) 47.7% to subtype Il and (21) 32.3% to
subtype IV.

In echocardiography, the mean of aorta root
diameter was 11.38mmz=4.57 (ranged from 6 to 30
mm). The mean of aorta root diameter according to the
body surface area was 1.55+0.61cm/m2 (ranged from
0.71 to 4.2cm/m2).

The Z score for aorta root showed that 13.8% of the
patients had Z score >2, while 19.3% of them with
subtype 111 were suffered from aortic root dilatation (Z
score>2). Aortic root dilatation was mild and was
slightly more in males (44.4% of the patients were girls
and 55.5% were boys).

The prevalence of tricuspid regurgitation (TR) was
16% and 15.8% in boys and girls, respectively. The TR
was mild, and no statistically significant difference was
found between males and females. No significant
difference was found between various subtypes of
disease (p=0.437).

Only one patient had a history of cardiac surgery
due to the ventricular septal defect (VSD). Aortic
insufficiency (Al), pulmonary insufficiency (PI), mitral
stenosis (MS) and aortic stenosis were not found in our
patients.

Of 65 studied children with Ol, five cases (7.69%)
had MR.

Mitral valve prolapse (MVP) was observed in 10
patients (15.38%): 7 girls (26.9%) and 3 boys (7.6%).
(p=0.039).

There was no significant difference between
various subtypes of disease (p=0.275).

Overall, the prevalence of valvular abnormalities
(TR, MR, and MVP) in Ol patients was 30.7%. Nine
girls and 11 boys had a valvular abnormality, and the
prevalence of valvular abnormality was not statistically
significant between boys and girls (p=0.583; Figure 1).
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The prevalence of valvular abnormalities in various
subtypes of Ol indicated no statistically significant
difference (p=0.197).

The mean thickness of the LV posterior wall was
significantly different between patients with and

without valvular disorders (MVP and MR) (p=0.015),
but there was no significant difference between these
two groups in aorta diameter and septal thickness

(p=0.879 and p=0.499, respectively) (Table 1).

Table 1- The left ventricular (LV) posterior wall thickness, interventricular septum (1VS), and aortic
diameter according to the valvular heart disorders
Valvular heart disorders

Variable

No (n=50) Yes (n=15) =RVZ (i1

meantSD  mean+SD
LV posterior wall thickness 7.16+1.10 8.16x1.81  0.015
Aortic diameter 1.56+0.68 1.54+0.46 0.879
Interventricular septum 7.67+£1.81 7.98+2.07 0.499
valvular abnormality
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Figurel- The prevalence of valvular abnormality, according to sex

Discussion

The most common echocardiography findings in
our patients were aortic root dilatation and MVP.
Ashournia et al. reviewed 68 studies and compared the
prevalence of cardiac involvement in Ol patients.
Based on their results, the Ol patients were found with
a high risk of heart anomaly, according to the
biological plausibility ' and these patients had an
elevated chance of heart valvular disorders. Compared
with other connective tissue disorders, like Marfan
syndrome, the cardiovascular involvement in Ol is less
common ™ *°/ However, the prevalence of
cardiovascular abnormalities in Ol has not yet well
understood ™. We reported echocardiographic
findings of 65 patients with Ol classified into 3 subtypes
according to the Sillence et al.’s classification .
Increased aortic root diameter is the most common

heart anomaly in Ol patients " *" ** “ In Hortop et
al.’s study, the prevalence of aortic dilatation was
12.1%, which was mild and had no relationship with
the patient’s age . Aortic root dilatation was
identified in 28% of the patients with Ol subtype Il in
a survey done by Vetter et al ). Among our patients,
the prevalence of aortic root dilatation in cases with Ol
and subtype Il was 13.8% and 19.3%, respectively.
These values were calculated based on the Z score>2.
In different studies, a Z score >2 has been considered
as the dilatation of aortic root ", Similar to other
surveys, the mild aortic root dilatation was found in our
studied cases.

Collagen type | plays a critical role in the
myocardium structure " ™. It is not surprising that the
patients with connective tissue disorders (Marfan and
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Ehlers-Danlos syndromes and Ol) have an increased
risk of cardiovascular problems *°.

Valvular dysfunction is more prominent on the left
side of the heart “““/. Although Al and MR are the
most common valvular impairments as noted in most
surveys 1 % %1 some studies have reported different
results. For example, Bonilla et al. found that there was
no significant difference between Ol patients and
control group in valvular disorders %',

In the study of Karamifar et al, the TR was the most
common valvular pathology followed by Al ™. Like
their study, the most common valvular pathology was
TR in our samples, as well. In our study, 15.38 and
7.6% of the patients had mild TR and MR,
respectively. In contrast to other studies, the Al was not
found in our patients. The mean age of our cases was
significantly lower than other studies. Moreover,
perhaps, the Al is a phenomenon that progresses with
aging.

The prevalence of MVP in our subjects was
15.38%, which was significantly higher in girls
(p-value=0.039). The MVP impairment has reported
differently in different populations; for example, it has
reported 4.5% in Ilam (Iran) and more common in
women “°!. Sattur et al. studied the prevalence of MVP
in healthy teenagers aged 13 to 19 years and found that
it was less than 1%. The MVP rate was significantly
higher in female teenagers than male ones *".

The frequency of MVP in our cases was higher than
in other relevant studies, which can be due to a higher
prevalence of MVP in the Iranian population *), or
because of a higher prevalence of MVP in patients with
Ol.

Although the most common cardiac manifestations
reported in Ol are aortic root dilatation and valvular
impairment, other anomalies, including aortic
dissection, the involvement of the right side of the
heart, atrial rupture, MVP, and myocardial involvement
have also been reported ' ** ** #?l_ Congenital heart
disease is not more prevalent in Ol patients than
normal population ™ *?. In a study by Vetter et al., four
out of 58 patients had the congenital cardiac disease "* *.
Karamifar et al. observed a patient with both patent
foramen oval (PFO) and patent ductus arteriosus
(PDA) and a patient with PFO in 24 cases with OI "/,
Some clinical reports of congenital cardiovascular
defects like ventricular aneurysm, VSD and Ebstein’s
anomaly have been presented > ** *° In the current
study, only one patient had a history of neonatal
cardiac surgery due to the VSD. Similar to other

studies, the ongoing study found no a significant
frequency of congenital heart disease.

In conclusion, According to the obtained results,
though children with Ol are not at higher risk for a
significant valvular abnormality and aortic root
dilatation, more studies are needed to confirm this
observation. It can be considered that these patients
have an increased risk of developing cardiovascular
disease; therefore, echocardiographic evaluation is
recommended in follow-up programs for these patients.

Limitations of the study: Although the results were
examined, calculated carefully and corrected based on
body surface area and Z score, the lack of a control
group was a limitation.
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