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ABSTRACT

AIM: To report the incidence and interrelationship of concomitant anomalies in congenital scoliosis (CS) patients.

MATERIAL and METHODS: Whole-spine computed tomography and magnetic resonance imaging (MRI) examination, echocardi-
ography, and renal ultrasonography (USG) evaluations of 231 patients with CS were reviewed. Additionally, intraspinal pathologies
and structural cardiac and renal anomalies were recorded.

RESULTS: The incidence of intraspinal pathology was 53.7%. Echocardiography was performed in 140 of 231 patients, and
congenital heart disease was detected in 38 patients. Renal USG was performed in 133 of 231 patients, and a renal disease was
detected in 37 patients. In 133 patients, spinal MRI, echocardiography, and renal USG were performed. In 22 of 67 (32.8%) patients
with an intraspinal anomaly, an additional cardiac anomaly was detected. In 27 of 67 (40.3%) patients with an intraspinal anomaly,
an additional renal anomaly was detected. In 47.3% of patients with a cardiac anomaly, an additional renal anomaly was detected.
In 15 of 133 patients (11.2%) intraspinal, cardiac, and renal anomalies were identified.

CONCLUSION: Surgeons should evaluate additional anomalies in CS if patients report having a congenital anomaly. Because
cardiac and renal anomalies increase intra- and postoperative complication risks, a careful and comprehensive preoperative
evaluation is needed.
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H INTRODUCTION Maternal diabetes mellitus, hypoxia, vitamin deficiencies, and
, . . i . anticonvulsant medication use have been associated with CS

ongenital scoliosis (CS) is chgracterlzed by a spinal (9). Development of the spinal cord and organs of mesoder-
curvature secondary to congenital vertebral malforma- mal origin is closely related to development of the vertebral

tions. Deformity of the spine secondary to fallure Of nor- column (1). As a result, CS is often associated with anomalies
mal vertebral development at 4-6 weeks of gestation is an ¢ 4,6 spinal cord, cardiovascular system, and genitourinary
accepted criterion (16). A multifactorial etiology of scoliosis system (12)

is accepted (2,10,15). The genetic factors associated with CS
remain largely unknown (8). However, environmental factors ~ Previously, the incidences of intraspinal and other organ
are proven to have a strong relationship with CS (1,8,9,14,23).  system pathologies associated with CS were reported
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(1,3,16,19,20,22). The aim of this study was to report the inci-
dences of a larger series and to analyze the interrelationship
between associated spinal cord, cardiovascular, and urogeni-
tal anomalies.

B MATERIAL and METHODS

Between 2009 and 2016, a total of 231 patients with CS
were diagnosed in Baltalimani Bone and Joint Diseases
Training and Research Hospital. Their medical records were
retrospectively reviewed. There were 137 (59%) females and
94 (41%) males. The mean age at the time of diagnosis was
12.6 + 7.1 years (range: 1 month-17 years). Patients with a
history of spinal trauma, tumor, infection, syndromic patients,
and meningocele were excluded. Genetic consultation notes
were used in the distinction between syndromic and non-
syndromic patients.

A whole-spine computed tomography scan with three-
dimensional reconstructions of all 231 patients was evaluated.
Congenital scoliosis was classified according to vertebral
malformation as failure of formation, failure of segmentation,
and mixed groups (24). Magnetic resonance imaging (MRI) of
the whole spine, including the brainstem, was evaluated by
a neuroradiologist for spinal anomalies. Intraspinal anomalies
were classified as syringomyelia, diastematomyelia, tethered
cord, or intradural mass. Caudal displacement of cerebellar
tonsils of more than 5 mm or below the level of the foramen
magnum was considered as an Arnold Chiari malformation.
A pediatric cardiologist examined 140 patients for cardiac
anomalies by echocardiography. An experienced radiologist
evaluated 133 of 231 patients for urogenital anomalies with
ultrasonography (USG). In 133 patients, echocardiography
and renal USG was performed. Because this is a retrospective
study, we could not recruit external consultation notes and
reports of imaging studies. A pediatric cardiologist and
urogenital radiologist have been available at our institution
since 2011.

Statistical Analysis

Mean, standard deviation, lowest and highest frequency, and
ratio were used to describe the data. The chi-square test
was used to evaluate the relationships between categorical
variables. A p value<0.05 was considered to indicate a
statistically significant result. SPSS IBM Statistics 22 (IBM,
Armonk, New York, USA) was used for all statistical analyses.
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B RESULTS

A total of 231 patients with CS were evaluated in this study.
Failure of formation was seen in 129 patients (55.8%). A failure
of segmentation was seen in 64 patients (27.7%). A mixed
defect was seen in 38 patients (16.5%). The sex distributions
by anomaly type and a comparison of their frequencies are
presented in Table |I. There was no statistically significant
difference between genders or CS types.

All patients underwent MRI evaluation for a potential intraspinal
pathology. An intraspinal pathology was detected in 124
patients (53.7%). The most common intraspinal anomaly
among CS patients was syringomyelia followed by the tethered
cord, diastematomyelia, and intradural mass (Table Il). An
intraspinal pathology was found in 45.7% of male patients
and 59.1% of female patients. The distributions of intraspinal
anomalies in male and female patients are shown in Table II.
The incidence of intraspinal pathology was significantly higher
in female patients (p=0.045). The distribution of intraspinal
anomalies was similar to that of vertebral anomalies (p=0.14)
(Table Ill).

An echocardiography was performed in 140 (60.6%) of
231 patients. Congenital heart disease was detected
on echocardiography in 38 of 140 patients (27.1%). The
most common cardiac pathologies were valve-related
pathologies (mitral valve prolapse, aortic valve insufficiency,
bicuspid aortic valve, aortic valve stenosis, pulmonary valve
insufficiency), followed by atrial septal defect, patent foramen
ovale, dextrocardia, and cardiomyopathy (Table Il). Congenital
heart disease was found in 32.3% of male patients and 23.1%
of female patients. There was no statistically significant
difference between male and females in the incidence of
cardiac pathology (p=0.225). According to scoliosis type,
cardiac pathology was found in 29.6% of patients with failure
of segmentation, 26.2% of patients with failure of formation,
and 28.4% of patients with a mixed type. According to
vertebral anomalies, the distribution of cardiac anomaly was
similar (p=0.92) (Table IlI).

A renal USG was performed in 133 of 231 patients. Congenital
renal disease was found in 37 of 133 (27.8%) patients. The
most common renal pathology was ectopic kidney and
horseshoe kidney, followed by renal agenesis, renal pelvic
dilatation, and other urogenital diseases such as cystic kidney,
hydronephrosis, and ectasia. Congenital renal disease was
found in 32.2% of male patients and 24.3% of female patients

Table I: Distribution of Vertebral Anomaly Types in Female and Male Patients

Anomaly type Female Male Total o}
n % n % n %

Segmentation 40 29.2 24 25.5 64 27.7 0.54

Formation 79 57.7 50 53.2 129 55.8 0.50

Mixed 18 13.1 20 21.3 38 16.4 0.10

Total 137 59.3 94 40.6 231 100

*p values indicates the comparisons of the frequencies of anomaly type between the genders.
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(Table Il). There was no significant difference between males
and females in the incidence of renal pathology (p=0.92).
According to scoliosis type, urogenital pathology was found
in 33.3% of patients with failure of segmentation, 25.3% of
patients with failure of formation, and 30.8% patients with the
mixed type. The distribution of renal anomalies was similar
to that of vertebral anomalies (p=0.68) (Table Ill). The Arnold
Chiari malformation was detected in 19 of 231 patients (8.2%).
There was no statistically significant difference between
gender groups (p=0.357).

Figure 1 shows the relationship between intraspinal, cardiac,
and renal anomalies detected in patients with CS who were
evaluated with CT-scan, MRI, echocardiography, and renal

USG. In 22 of 67 (32.8%) patients with an intraspinal anomaly,
an additional cardiac anomaly was detected. In 27 of 67
(40.3%) patients with an intraspinal anomaly, an additional
renal anomaly was detected. In 18 of 38 (47.3%) patients with
a cardiac anomaly, an additional renal anomaly was detected.
In 15 of 133 patients (11.2%), intraspinal, cardiac, and renal
anomalies were identified.

B DISCUSSION

Spinal deformity in CS is the visible part of the iceberg.
Intraspinal anomalies and other organ defects are frequent (16).
In our study, we evaluated the incidences and interrelationships
of intraspinal, cardiac, and renal anomalies. The incidence

Table II: Distribution of Intraspinal, Cardiac, and Renal Anomaly Types in Female and Male Patients

Female (n=137, 59%) Male (n=94, 41%) p*
n % n %

Intraspinal anomalies 53.7% (n=124)**

Syringomyelia 50 61.7 34 79.1

Tethered cord 33 40.7 13 30.2

Diastematomyelia 30 37 14 32.6

Intradural mass 17 21 11 25.6

Total 81 59.1 42 45.7 0.045
Cardiac anomalies 27.1% (n=38)**

Valve anomalies 12 15.4 8 12.9

Atrial septal aneurysm 7 9 4 6.5

Atrial septal defect 6 7.7 6 9.7

Ventricular septal defect 3 3.8 1 1.6

Patent foramen ovale 2 2.6 2 3.2

Dextrocardia 2 2.6 0 0

Tetralogy of Fallot 1 1.3 1 1.6

Cardiomyopathy 1 1.3 0 0

Total 34 23.1 22 32.3 0.225
Renal anomalies 27.8% (n=37)*

Ectopic kidney 3 41 7 11.9

Horse-shoe kidney 5 6.8 5 8.5

Renal agenesis 4 5.4 4 6.8

Renal pelvic dilatation 4 54 4 6.8

Others 4 5.4 2 3.4

Total 20 24.3 22 32.2 0.314

*p values indicate the comparisons of the distrubution of intraspinal, cardiac, and renal anomaly frequency between the genders.

**An intraspinal pathology was detected 53.7% (n=124) in 231 patients.

Congenital heart disease was detected 27.1% (n=38) on echocardiography in 140 patients. A congenital renal disease was found 27.8% (n=37)

in 133 patients.
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Table llI: Distribution of Intra-Spinal, Cardiac, and Renal anomalies according to Congenital Scoliosis Types

Congenital scoliosis type

Anomaly Type Segmentation (n=64) Formation (n=129) Mixed (n=38) p value*
n % n % n %
Intraspinal anomaly**
Yes 41 63.5 65 50.4 18 47.4
0.139
No 23 36.5 64 49.6 20 52.6
Cardiac anomaly***
Yes 8 29.6 22 26.2 8 28.6
0.92
No 19 70.4 62 73.8 20 714
Renal anomaly****
Yes 9 33.3 20 253 8 30.8
0.68
No 18 66.7 59 74.7 18 69.2

*p values indicates the comparisons of the frequencies of the intraspinal, cardiac, and renal anomaly between the congenital scoliosis types.

n: numbers.

Intraspinal anomaly
n=33

Cardiac anomaly
n=13

133 of 231 patients.

Renal anomaly
n=7

A whole-spine CT scan with three-dimensional reconstructions , MRI, echocardiography and renal
USG ewvaluation was performed to identify potential intraspinal, cardiac, and renal anomaly in

Figure 1: Interrelationships
of the anomalies in
congenital scoliosis.

A whole-spine computed
tomography scan with
three-dimensional
reconstructions, magnetic
resonance imaging,
echocardiography, and renal
ultrasonography evaluation
was performed to identify
potential intraspinal,
cardiac, and renal anomaly
in 133 of 231 patients.

of intraspinal anomalies was found to be 53.7%, which was
higher than previous studies (1,4-6,18,21). Syringomyelia
(67.7%) was the most common type of intraspinal anomaly
in this study, which was different from the results of previous
studies (1,4-6,19,21,22).

The incidence of intraspinal anomaly was similar in patients
with formation, segmentation, and mixed defects. Our results
are in contradiction with Basu et al. (1), and Shen et al. (23).
The incidence of cardiac anomalies was found to be 27.1% (38
of 140), which was in line with the study of Basu et al. (1). This
incidence was higher than reported in most of the previous
studies (3,5,22). Valve-related pathologies (14.3%) (MVP
being the most common) were found to be the most common
type of cardiac anomaly. Liu et al. reported similar results (16).

Previously, it was suggested that thorax abnormalities might
cause a change in the heart shape and, subsequently, may
lead to mitral valve prolapse in idiopathic scoliosis (7). The
results of our study and the study of Liu et al. (16) support this
assumption in CS patients.

The incidence of cardiac anomalies was found to be similar in
patients with formation, segmentation, and mixed defects.The
incidence of urogenital anomalies in our study was in line with
those reported in the literature, which vary from 21% to 34%
(1,4,11,13,17). Also, the incidence of urogenital anomalies was
similar in patients with formation, segmentation, and mixed
defects. According to our results, 57.9% of patients with
cardiac anomaly had an additional intraspinal anomaly. This
is in contradiction with Liu et al. (16), who previously reported
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rare presentation of both cardiac and intraspinal anomalies in
the same patient with CS.

Our study described high incidences of additional anomalies
in patients with cardiac, renal, and intraspinal anomalies.These
have not been described previously. In this study, intraspinal
anomalies and congenital heart disease were found to be
associated with congenital renal anomalies. More than half
of the patients with the Arnold Chiari malformation had an
additional intraspinal anomaly. The incidence of all intraspinal,
cardiac, and renal anomalies was found to be 11.2% (15 of
133 patients). This has not been described previously. High
incidences of all three anomalies in the Turkish population may
be associated with genetic or environmental factors. Detailed
investigations on this topic are needed.

Cardiac and renal anomalies bring intra- and postoperative
risks. Excessive correction in the presence of advanced
thoracic deformities and cardiac pathologies may cause
sudden cardiopulmonary decompensation (7). Also, intra- and
postoperative metabolic disorders may develop in patients
with congenital renal anomalies (22).

There are some limitations of this study. First, this is a
retrospective study. Second, not all patients underwent renal
and cardiac examination; therefore, bias may have occurred
in the statistical analysis. The lack of genetic analysis and
detailed patient histories are additional limitations.

B CONCLUSION

For patients reporting a congenital anomaly, surgeons should
be alert to evaluate additional anomalies in CS. Because
cardiac and renal anomalies increase intra- and postoperative
complication risks, a careful and comprehensive preoperative
evaluation is needed.
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