Int Clin Neurosci J. 2022;9:e30

Original Article

L) doi:10.34172/icn}.2022.30 |

Check for
updates

International Clinical
Neuroscience Journal

Prevalence of Cardiac Anomalies in Children with
Syndromic and Non-syndromic Craniosynostosis

Ali Riazi' ™, Mahdi Vahidian*~, Mehrdad Larry>™, Donya Sheibani Tehrani* ", Mostafa Alami*> ~, Zahra
Salehi’ ~, Maryam Karimi?, Sarina Loghmani?

'Department of Neurosurgery, Isfahan University of Medical Sciences, Isfahan, Iran
2Faculty of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran
3Department of IT, Shahid Beheshti University, Tehran, Iran

*Correspondence to
Mehrdad Larry, Neurosurgery
Resident, MD-MPH,
Department of Neurosurgery,
Isfahan University of Medical
Sciences, Isfahan, Iran. Email:
mehrdad.larry@gmail.com

Abstract

Background: Craniosynostosis mostly occurs as a single abnormality; however, it may rarely occur
concomitantly with other congenital abnormalities known as syndromic craniosynostosis. Cardiac
anomalies are among the most common ones occurring coincidentally with craniosynostosis.
Nevertheless, the information about the exact prevalence of cardiac anomalies in craniosynostosis
has not been well-understood yet. We aimed to assess the prevalence of different cardiac anomalies
that coincidence with craniosynostosis.

Method: This cross-sectional study was done on 145 patients with craniosynostosis from January
2015 to December 2019. 103 patients with a single-suture involvement were placed in the non-
syndromic group, and the remaining 42 with pansynostosis or the clinical manifestations of Apert,
Pfeiffer, Crouzon, and Carpenter syndromes in the syndromic group. The prevalence of cardiac
anomalies was evaluated and compared between the groups.

Results: The prevalence of congenital cardiac anomalies was 22.3% and 50% in non-syndromic
and syndromic cases, respectively (P=0.001). Syndromic boys predominantly presented cardiac
anomalies (P=0.85), whereas non-syndromic girls were mostly affected by cardiac anomalies
(P=0.75). Age was not associated with congenital cardiac anomalies, neither in non-syndromic
(P=0.31) nor in syndromic (P=0.26) patients. The number of affected sutures was not associated
with cardiac anomalies (P>0.05). Tricuspid regurgitation (TR) (16.7%), patent ductus arteriosus
(PDA) (14.3%), and ventricular septal defect (VSD) (11.9%) were the most prominent anomalies
found among the syndromic patients, while TR (8.7%), atrial septal defect (ASD) (3.9%), and PDA
(3.9%) were common among the non-syndromic ones.

Conclusion: Congenital heart disease is a prevalent abnormality among children with
craniosynostosis. Therefore, cardiac assessment in craniosynostosis is strongly recommended.
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Introduction
The cranial sutures are not fused at birth, allowing the
brain to grow rapidly through the first year of life and
then gradually until adolescence. The metopic suture
is the first one, closing about 6-2 months after birth,
whereas the others typically fuse in adulthood.!
Craniosynostosis is defined as the premature complete
or partial fusion of the cranial sutures. Craniosynostosis
affects 1 in 2000 live births, which makes it one of the
most common craniofacial abnormalities in the United
States.” usually syndromic craniosynostosis accompanied
by facial characteristics, including midface hypoplasia,
breaking nose, proptosis, and hypertelorism eyes.” This
condition can affect one or multiple sutures, including
sagittal, uni- or bilateral coronal, metopic, or lambdoidal

sutures. The sagittal suture is the most common affected
one accounting for 40%-55% of craniosynostosis cases,
followed by coronal, metopic, and lambdoid sutures with
the prevalence of 20%-25%, 5%-15%, and less than 5%,
respectively.*

Craniosynostosis mostly occurs as a single abnormality
referred to as non-syndromic; however, in 15-30% of the
cases, itmay occur concomitantly with other abnormalities
in the limb, heart, central nervous system, or trachea,
which is known as syndromic craniosynostosis.” Over
150 syndromes have been introduced to be associated
with craniosynostosis.**

The most frequently diagnosed craniosynostosis-
associated syndromes include Muenke (1 in 10000-1 in
30000), Crouzon (1 in 25000), Pfeiffer (1 in 100000),
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Apert (1 in 100000), and Saethre-Chotzen (1 in 25000-
50000) syndromes.’

Outbreaks appear to be exacerbated during
craniosynostosis. Shunt with the presence of a
hemodynamically significant congenital heart defect
(CHD) can lead to increased pulmonary arterial flow
and pressure. The onset and severity of pulmonary
arterial hypertension (PAH) are quite variable according
to the type of CHD, and in an extreme form can lead
to Eisenmenger syndrome with irreversible PAH,
contraindicated to any further correction.'

Cardiac anomalies are among the prevalent congenital
abnormalities found coincidentally with craniosynostosis;
nevertheless, the information about comparing
congenital cardiac anomalies incidence in syndromic and
non-syndromic cases is limited. We aimed to investigate
congenital cardiac anomalies in a census study on a large
number of syndromic versus non-syndromic children
admitted for correctional surgery of craniosynostosis.

Methods

The current cross-sectional study was done using the
census method on 145 children with the documented
diagnosis of craniosynostosis admitted to Imam Hussein
Hospital affiliated to Isfahan University of Medical
Sciences from January 2015 to December 2019.

All of the patients with the documented diagnosis of
craniosynostosis (syndromic or non-syndromic/ primary
or secondary craniosynostosis) made by an expert
pediatric neurosurgeon were included the study. We
excluded records that were incomplete (more than 20%)
and no echocardiography was available at the time of
admission.

The included patients were retrieved through a census
selection following the diagnosis of craniosynostosis made
by a physical examination and confirmed by paraclinical
imaging (cranial computed tomography [CT scan]). The
patients were divided into two groups of syndromic and
non-syndromic groups based on the presence or absence
of congenital abnormality in any other parts of the body
other than cardiac anomalies.

All children with pansynostosis and a few children
with typical clinical characteristics compatible with
Apert, Pfeiffer, Crouzon, and Carpenter syndromes, were
considered as syndromic. Other children with isolated
craniosynostosis were in the non-syndromic group.

Cardiac echocardiography is becoming an essential
diagnostic tool for a variety of cardiac pathologies. It
is safe and non-invasive technique. Rotation of the
transducer counterclockwise from the apical four-
chamber orientation gives the apical two-chamber view.
In this orientation, the anterior, inferior, and apical walls
of the left ventricle are visualized, along with the left
atrium and its appendage.'!

The patients’ age, sex, affected suture(s), numbers

of affected suture(s), and the echocardiographic
abnormalities, including ventricular septal defect (VSD),
tricuspid regurgitation (TR), pulmonary insufficiency,
pulmonary embolism, tetralogy of Fallot (TOF),
pulmonary hypertension, patent ductus arteriosus
(PDA), mitral regurgitation, anomaly of left pulmonary
artery, double outlet right atrium, mitral valve prolapsed
(MVP), coarctation of aorta, left ventricular hypertrophy,
biventricular hypertrophy, atrial septal defect (ASD)
and aortic insufficiency were recruited from the medical
records.

Eventually, the obtained information was entered
into the Statistical Package for Social Sciences (SPSS,
version 22, IBM Corporation, Armonk, NY, USA).
The descriptive data were represented mean, standard
deviation, absolute numbers, and percentages. Chi-
square and Fisher’s exact tests were used to analyze the
data. P<0.05 was considered as a significant level.

Results

The current study was done on 145 children with
craniosynostosis, among which 103 were non-syndromic
and 42 were syndromic. The studied population had
a mean=*SD age of 6.13+5.30 months and 61.4% were
male patients.

Most non-syndromic patients were boys (68%), whereas
syndromic ones were predominantly girls (54.8%). The
mean * SD age of syndromic and non-syndromic patients
was 5.22+3.30 and 8.36+8.03 months, respectively. The
two groups were remarkably different in age (P=0.024)
and sex distribution (P=0.011).

The prevalence of congenital cardiac anomalies was
22.3% and 50% in non-syndromic and syndromic cases,
respectively (P=0.001). The detailed information about
the type of anomalies is represented in Table 1.

As shown in Table 2, 69.6% of non-syndromic boys
with craniosynostosis had cardiac anomalies (P=0.85),
while girls were predominantly involved in syndromic
patients (P=0.75). In addition, age was not associated
with congenital cardiac anomalies, neither in non-
syndromic (P=0.31) nor in syndromic (P=0.26) patients.
The number of affected sutures was not associated with
cardiac anomalies (P >0.05).

As shown in Table 2, the presence of cardiac anomaly
was not associated with age, sex and also the affected
sutures in neither syndromic nor non-syndromic

children.

Discussion
To the best of our knowledge, the current study is the first
to investigate and compare the coincidence of cardiac
anomalies with craniosynostosis in a large population
of children admitted to the neurosurgery ward for the
correctional surgery of craniosynostosis.

Consistent with the literature, we found a slight male
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Table 1. The Comparison of Congenital Cardiac Anomalies Between Syndromic and Non-syndromic Cases With Craniosynostosis

Non-syndromic Craniosynostosis (n=103)

Syndromic Craniosynostosis (n=42)

Variables P Value
No. (%) No. (%)
Ventricular septal defect (yes/no) 1(0.9)/102 (99.1) 5(11.9)/37 (88.1) 0.008
Tricuspid regurgitation (yes/no) 9 (8.7)/94 (91.3) 7 (16.7)/35 (83.3) 0.24
Pulmonary insufficiency (yes/no) 2 (1.9)/101 (98.1) 3(7.1)/39 (92.9) 0.14
Pulmonary stenosis (yes/no) 3(2.9)/100 (97.1) 2 (4.8)/40 (95.2) 0.62
Pulmonary embolism (yes/no) 1(0.9)/102 (99.1) 2 (4.8)/40 (95.2) 0.20
Tetralogy of Fallot (yes/no) 0 (0)/100 (103) 1(2.4)/41 (97.6) 0.29
Pulmonary hypertension (yes/no) 2 (1.9)/101 (98.1) 1(2.4)/41 (97.6) 0.99
Patent ductus arteriosus (yes/no) 4 (3.9)/99 (96.1) 6 (14.3)/36 (85.7) 0.035
Mitral regurgitation (yes/no) 1(0.9)/102 (99.1) 0 (0)/42 (100) 0.99
Anomaly of left pulmonary artery (yes/no) 1(0.9)/102 (99.1) 1(2.4)/41 (97.6) 0.49
Double outlet right atrium (yes/no) 0 (0)/103 (100) 1(2.4)/41 (97.6) 0.29
Mitral valve prolapse (yes/no) 0 (0)/103 (100) 1(2.4)/41 (97.6) 0.29
Coarctation of the aorta (yes/no) 0 (0)/103 (100) 1(2.4)/41 (97.6) 0.29
Left ventricular hypertrophy (yes/no) 0 (0)/103 (100) 1(2.4)/41 (97.6) 0.29
Biventricular hypertrophy (yes/no) 0 (0)/103 (100) 1(2.4)/41 (97.6) 0.29
Atrial septal defect (yes/no) 4(3.9)/99 (96.1) 1(2.4)/41 (97.6) 0.99
Aortic insufficiency (yes/no) 0 (0)/103 (100) 1(2.4)/41 (97.6) 0.29

Table 2. The Association of Congenital Cardiac Anomaly With Age, Sex, and Type of Affected Suture in Syndromic and Non-syndromic Children With

Craniosynostosis

Non-syndromic Syndromic
Congenital Cardiac Anomaly
Positive Negative P Value Positive Negative P Value

Age (month), mean+SD 4.61+2.62 5.40+3.46 0.31 6.81+4.26 10.45+9.90 0.26

Sex (female/male), % 30.4/69.6 32.5/67.5 0.85 57.1/42.9 52.4/ 47.6 0.75
Affected sutures, mean+SD 1.09+0.28 1.10+0.30 0.85 2.80+1.09 2.80+0.44 0.99
Coronal suture (affected/non-affected), % 26.1/73.9 35/ 65 0.46

Sagittal suture (affected/non-affected), % 47.8/52.2 31.2/68.8 0.14

Metopic suture (affected/non-affected), % 26.1/73.9 34.5/62.5 0.31
predominance in craniosynostosis'**; however, with among the non-syndromic craniosynostosis; however,

respect to being syndromic or non-syndromic, the mere
incidence of craniosynostosis was remarkably more
among non-syndromic boys versus syndromic girls.
Nevertheless, we found no association between congenital
cardiac anomaly and craniosynostosis. The incidence
of congenital cardiac anomaly was significantly higher
among the syndromic patients, whereas, a statistically
remarkable difference was found only in terms of VSD
and PDA.

TR, followed by ASD and PDA, were the most
common types of congenital heart diseases among the
non-syndromic children with craniosynostosis. We also
found that the age, sex, type, and numbers of affected
sutures were not correlated with cardiac anomalies in
non-syndromic children suffering from craniosynostosis;
however, in line with previous studies, the sagittal suture
was the most prevalent affected one.

We found no study dedicated to cardiac anomalies

the presence of congenital heart disease among the
non-syndromic children was not a weird finding.
Da Costa and colleagues longitudinally assessed the
neurodevelopmental trend among children with non-
syndromic craniosynostosis and represented cyanotic
heart diseases as a common finding in this group of
patients."* Congenital heart diseases and non-syndromic
craniosynostosis associated with incidental de novo
mutations have been reported in limited cases reports by
Homsy et al,"” Tossifov,' Zaidi et al,'” and Timberlake and
colleagues'; however, none assessed further correlations.
TR, PDA, and VSD were the most prominent anomalies
among syndromic children with craniosynostosis. In
a similar pattern to the non-syndromic ones, we found
no correlation between age, sex, and numbers of affected
sutures and the coincidence of congenital heart disease
among syndromic children with craniosynostosis, as
well. Frank-ter Haar syndrome is one of the syndromes
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associated with the SH3PXD2B gene mutation located on
chromosome 5q35.1. This syndrome is accompanied by
craniosynostosis as well as skeletal, cardiac, craniofacial,
and ocularanomalies. VSD, MVP, and aortic regurgitation
are the most prominent cardiac abnormalities in this
syndromic type of craniosynostosis.'®

Carpenter syndrome is another type of syndromic
craniosynostosis accompanying by diverse cardiac
anomalies among which ASD, VSD, TOF, PDA, and
pulmonary stenosis are the most prevalent ones. Along
with the cardiac anomalies, other skeletal, craniofacial,
and renal malformations are present in this syndrome."

Shprintzen-Goldberg  craniosynostosis ~ syndrome
accompanies cardiac anomalies, including aortic
root dilatation and MPV, and skeletal malformation
such as scoliosis, pectus excavatum or carinatum,
craniofacial ~ abnormalities, including  midfacial
hypoplasia, dolichocephaly, hypertelorism, low set ears,
prominent forehead, micrognathia and down slanting
palpebral fissures. Inguinal and umbilical hernia are
the other congenital manifestations of this syndromic
craniosynostosis.?

Apert syndrome is another autosomal dominant
disorder mostly known by craniosynostosis and
craniofacial anomalies and symmetrical syndactyly of
hands and feet. Cardiac anomalies occur in 10% of the
cases, whereas TOF was the most common type of cardiac
anomaly in this syndrome.”

The latter syndrome was associated with the deletion
of 15q15-22.1. represented as craniosynostosis plus limb
abnormalities, craniofacial malformations, including
nasal bridge, hypoplastic alae nasae, and micrognathia
and TOF.?? VSD and ASD were the most common types
of cardiac anomalies among the patients diagnosed
with oculofaciocardiodental syndrome, characterized
by the loss of approximately 554 Kb at chromosome
8p23.2-p23.1. This syndrome’s other manifestations
include temporal hypertrichosis, craniosynostosis with
brachycephaly, supraorbital grooving, deafness, and
underdevelopment of the midface.?

A significant limitation of this study was the failure
to genetically study the patients to find the etiology of
malformations; nevertheless, we found a significantly
high rate of congenital cardiac anomalies among the
children with craniosynostosis regardless of syndromic or
non-syndromic patterns. Therefore, cardiac assessment
for all of the patients with craniosynostosis is strongly
recommended.

Limitations

Many patients had two or more congenital cardiac
anomalies simultaneously, but it was not initially recorded
in the study because of some limitations.

Conclusion
Based on this study, congenital heart disease is a prevalent

abnormality among children with craniosynostosis. TR,
PDA, and VSD were the most prominent anomalies
found among the syndromic, while TR, ASD, and PDA
were the most prevalent among the non-syndromic
ones. Therefore, cardiac assessment for all patients with
craniosynostosis is strongly recommended.
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