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Abstract

Purpose This study aimed to analyze the overall incidence of cardiac abnormalities in patients with congenital scoliosis
and the possible influencing factors.

Methods PubMed, Embase, and Cochrane Library were searched for relevant studies. The quality of the studies was assessed
independently by two authors using the methodological index for nonrandomized studies (MINORS) criteria. The follow-
ing data were extracted from the included studies: bibliometric data, number of patients, number of patients with cardiac
anomalies, gender, types of deformity, diagnostic method, type of cardiac anomaly, location, and other associated anomalies.
The Review Manager 5.4 software was used to group and analyze all the extracted data.

Results This meta-analysis included nine studies and identified that 487 of 2,910 patients with congenital vertebral deformity
had cardiac anomalies diagnosed by ultrasound (21.05%, 95% CI of 16.85-25.25%). The mitral valve prolapse was the most
frequent cardiac anomaly (48.45%) followed by an unspecified valvular anomaly (39.81) and an atrial septal defect (29.98).
A diagnosis of cardiac anomalies was highest in Europe (28.93%), followed by USA (27.21%) and China (15.33%). Females
and formation defects were factors significantly associated with increased incidence of cardiac anomalies: 57.37%, 95% CI
of 50.48-64.27% and 40.76%, 95% CI of 28.63-52.89%, respectively. Finally, 27.11% presented associated intramedullary
anomalies.

Conclusions This meta-analysis revealed that the overall incidence of cardiac abnormalities detected in patients with con-
genital vertebral deformity was 22.56%. The incidence rate of cardiac anomalies was higher in females and those with for-
mation defects. The study offers guidance for ultrasound practitioners to accurately identify and diagnose the most common
cardiac anomalies.
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Background

Congenital scoliosis is a spinal deformity present at birth and
characterized by formation, segmentation, or mixed defects
[1]. The spine is formed between four and six weeks—the
crucial stage when associated anomalies could develop [2,
3]. Of these associated anomalies, intraspinal ones are char-
acterized best, with no relationship with the type of spinal
deformity, the level of hemivertebra, or gender [4].
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Few studies have reported on the incidence of congeni-
tal heart disease associated with congenital scoliosis and
whether there are risk factors that increase its incidence or
whether it actually presents a risk in surgery. In addition,
the studies include different populations. The knowledge of
these data could lead to an “appropriate conversation with
patients and families” and the establishment of a diagnostic
algorithm showing the necessary imaging tests [5].

The diagnosis of cardiac anomalies could affect their
prognosis. On the other hand, it has been observed that the
diagnosis of intraspinal anomalies does not affect scoliosis
correction, and there might not be an association between
multiple intraspinal anomalies and previous correction sur-

gery [6, 7].
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In contrast, studies analyzing the risk of cardiac anoma-
lies in spinal surgery tend to be case series and case reports
showing high risk in patients undergoing Fontan or single
ventricle surgery. Complications include pleural effusion,
blood loss, and fluid management issues. There is a cor-
relation between the high surgical risk and the magnitude
of the curve, fused levels, surgery time, and cyanosis [8, 9].
This is why a diagnosis is crucial to optimize the patient’s
condition before spinal correction surgery. Nowadays, there
are more accurate diagnostic methods, such as echocardi-
ography and magnetic resonance imaging (MRI), included
in some cases as a diagnostic algorithm for patients with
congenital scoliosis.

There is no meta-analysis describing the true incidence of
cardiac anomalies in individuals with congenital scoliosis.
Also, no meta-analysis indicates the most evidence-based
risk factors. The present study aimed to investigate the inci-
dence of cardiac anomalies in patients with congenital sco-
liosis and to assess which factors increase the occurrence of
these abnormalities.

Material and methods
Eligibility criteria

This meta-analysis followed the PRISMA guidelines (Fig. 1)
[10]. The study selection was done by two reviewers, who
reached an agreement by discussion. We followed the
PICOS strategy: (P) Patients with congenital scoliosis were
studied. (I) This meta-analysis analyzed incidences with no
intervention. (C) This meta-analysis analyzed incidences
without comparison. (O) The outcomes were incidence of
cardiac anomalies. (S) The studies were cohort studies. The
exclusion criteria were: prenatal ultrasound diagnosis, non-
congenital scoliosis, and duplicate data.

Information sources and search strategy

The databases PubMed (National Library of Medicine) and
the Cochrane Collaboration Library were searched from
2000 to 2020. The selected articles were about cardiac
anomalies associated with congenital scoliosis. The search
terms were “‘congenital scoliosis” or “congenital vertebral
deformit*” and “heart anomalies” or “heart abnormalities”
or “cardiac anomalies” or “cardiac abnormalities.” The ref-
erences of the first studies included were reviewed.

Data extraction and data items
Data extraction was performed by two reviewers using an

Excel spreadsheet. If an agreement was not achieved, a third
reviewer was asked to complete the data extraction form. For
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each study that met the criteria, the following information
was extracted: The primary pooled outcome measure was the
incidence of cardiac anomalies in individuals with congenital
scoliosis. Demographic variables were also collected: author,
years of publication, region, age, gender of the overall popu-
lation, number of patients, and diagnosis. Information on the
gender of those who experienced cardiac anomalies, the type
of malformation (formation, segmentation, or mixed), and
other associated anomalies were gathered as well.

Risk of bias assessment

The quality of the included studies was assessed indepen-
dently by two authors using the Methodological Index for
Non-Randomized Studies (MINORS) criteria [11]. The
maximum score is 24 for comparative studies and 16 for
noncomparative studies. For noncomparative studies, scores
of 0—4 corresponded to very low quality, 5—7 corresponded
to low quality, 8—12 corresponded to fair quality, and > 13
corresponded to high quality. For comparative studies,
scores of 0—6 corresponded to very low quality, 7-10 cor-
responded to low quality, 11-15 corresponded to fair quality,
and > 16 corresponded to high quality.

Assessment of the results

The incidence of cardiac anomalies was calculated as the
total number of patients with congenital cardiac anomalies
divided by the total number of patients with congenital sco-
liosis. In studies in which the standard error (SE) was not
reported, we calculated it from the prevalence using the fol-
lowing formula: SE= \/ p(1-p)/n and 95% Cl=p =+ 1.96xSE,
where p =prevalence [12]. Pooled incidences with 95%
confidence intervals (Cls) were calculated using a random-
effects model. A fixed-effects model was used if heterogene-
ity was low (12 <50%). Otherwise, a random-effects model
was used. All analyses were performed using the Review
Manager 5.4 software package provided by the Cochrane
Collaboration.

Additional analysis

Subgroup analyses were performed using the following vari-
ables: mean age and region of the studies. Funnel plots were
used to examine the possibility of publication bias.
Results

Study selection

The initial search identified 48 results. After eliminating
case reports and reviews, 13 articles were excluded. The
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Fig.1 Study selection flow diagram (preferred reporting items for systematic reviews and meta-analysis)

titles and abstracts of the remaining 35 articles were then
examined. Six studies met the inclusion criteria. After an
in-depth analysis of these articles, three more were included
based on the references cited in the six studies (Fig. 1).

Study characteristics

The main characteristics of the included articles are shown
in Table 1 [5, 13-20]. A total of nine studies involving 2910
patients were included. The articles were published between
2002 and 2020. The age of the patients ranged from 3.5 to
14.9 years. The methodological index for nonrandomized

studies (MINORS) assessment ranged between 10 and 12
points. According to the MINORS criteria, the studies were
of fair quality.

Outcomes

The incidence rate of cardiac anomalies associated with con-
genital scoliosis was 21.05%, with 95% CI of 16.85-25.25%
(Fig. 2). The incidence rates of these anomalies accord-
ing to region were as follows: Europe, 28.93% (95% CI of
9.22-48.64%); USA, 27.21% (95% CI of 19.97-34.45%); and
China, 15.33% (95% CI of 13.28-17.37%) (Fig. 3). Cardiac
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Table 1 Main characteristics of the included studies

Study Country  Age Male n patients n cardiac Incidence  Diagnostic MINORS
Basuetal. [13] UK 8.7 62 126 15 11.90 Echocardiographic 10
Beauregard-Lacroix et al. [14] Canada 14.9 123 286 60 20.98 - 10
Bollini et al. [15] France 3.5 - 75 6 8.00 Echocardiographic 11
Bozcali et al. [16] Turkey 11-7.0 27 55 30 54.55 Echocardiographic 10
Furdock et al. [5] USA 7.3 - 147 35 23.81 Echocardiographic 11
Linetal. [17] China 12.4-8.1 593 1289 177 13.73 Echocardiographic 12
Liu et al. [18] China 12.8-5.8 214 475 67 14.11 Echocardiographic 10
Sevencan et al. [19] Turkey 12.6-7.1 94 231 56 24.24 Echocardiographic 12
Shen et al. [20] China 13.9 94 226 41 18.14 Echocardiographic 10

MINORS: Methodological Index for Non-Randomized Studies

anomalies were diagnosed more frequently in patients over
10 years (24.29%, 95% CI of 19.02-29.57%) than in patients
under 10 years (14.57%, 95% CI of 5.80-23.34%) (Fig. 4).
Table 2 shows the cardiac abnormalities. Mitral valve
prolapse was the most frequent cardiac anomaly, occurring
in 48.45% of patients. The second most frequent anomaly
was nonspecific valvular anomalies, representing 29.98% of
the patients. The third most frequent abnormality was atrial
septal defect (ASD), found in 29.98% of the patients. The
other anomalies found were atrial septal aneurysm (24.42%),
ventricular septal defect (VSD) (21.08%), patent foramen
ovale (13.95%), Fallot tetralogy (10.87%), PDA (10.63%),
dilation coronary sinus (8.47%), and dextrocardia (3.77%).
With respect to gender, cardiac anomalies occurred
more frequently in females than in males (57.37%, 95% CI
of 50.48-64.27% vs. 42.65%, 95% CI of 36.05-49.25%)
(Fig. 5). There were significant differences, with cardiac
anomalies being more frequent in females. Regarding the
type of malformation, the incidence rates of cardiac anoma-
lies related to formation, segmentation, and mixed defects
were 40.76% (95% CI of 28.63-52.89%), 20.20% (95% CI
of 12.75-27.65%), and 24.33% (95% CI of 10.53-38.14%),
respectively (Fig. 6). Patients with formation defects showed
a significantly higher incidence of cardiac anomalies than
those with segmentation defects. Finally, the incidence of

intraspinal anomalies with cardiac anomalies was 27.11%,
(95% CI of 3.24-50.98%) (Fig. 7).

Discussion

This meta-analysis showed that the overall incidence of
cardiac anomalies in patients with congenital scoliosis was
21.05%. It was also observed that females presented a higher
incidence of cardiac anomalies. Regarding the type of mal-
formation, those with formation defects showed a higher
incidence of cardiac abnormalities. The regions with the
highest incidence were Europe and USA, followed by China.
Intramedullary anomalies were present in almost one-third
of the patients with cardiac anomalies. The quality of the
studies was consistent.

Many studies presented diagnoses of new cardiac anoma-
lies through the protocol [5]. Therefore, the incidence could
be underestimated in retrospective studies. Some of the
patients diagnosed during the study were treated for the
anomalies [5]. This highlights the importance of the diag-
nosis of cardiac anomalies. In addition, all studies used
echocardiography, so training in this procedure is crucial.
Furdock et al. [5] proposed to perform echocardiography
in patients with mixed defects and congenital kyphosis [5].

Incidence of cardiac anomalies Incidence of cardiac anomalies

Study or Subgroup Incidence of cardiac anomalies SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Basu et al. 2002 11.9 0.0288 11.1% 11.90 [11.84, 11.96] .
Beauregard-Lacroix et al. 2016 20.98 0.0241 11.1% 20.98 [20.93, 21.03] .
Bollini et al. 2010 8 0.0313 11.1% 8.00 [7.94, 8.06] .
Bozcali et al. 2015 54.55 0.0671 11.1% 54.55 [54.42, 54.68] .
Furdock et al. 2019 23.81 0.0351 11.1% 23.81 [23.74, 23.88] .
Lin et al. 2020 13.73 0.0096 11.1% 13.73 [13.71, 13.75] .

Liu etal. 2011 14.11 0.016 11.1% 14.11 [14.08, 14.14] -
Sevencan et al. 2019 24.24 0.0282 11.1% 24.24 [24.18, 24.30] .
Shen etal. 2013 18.14 0.0256 11.1% 18.14 [18.09, 18.19] .
Total (95% CI) 100.0% 21.05 [16.85, 25.25] L3

Heterogeneity: Tau? = 41.27; Chi® = 667248.74, df = 8 (P < 0.00001); I> = 100%

Test for overall effect: Z = 9.83 (P < 0.00001)

Fig.2 Meta-analysis of the pool incidence of cardiac anomalies in patients with congenital scoliosis
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Incidence of cardiac anomalies

Incidence of cardiac anomalies

Study or Subgroup Incidence of cardiac li SE Weight 1V, Random, 95% CI 1V, Rand 95% Cl
1.2.1 North America

Beauregard-Lacroix et al. 2016 20.98 0.0241 11.1% 20.98 [20.93, 21.03] .
Furdock et al. 2019 23.81 0.0351 11.1% 23.81[23.74, 23.88) .
Lemire et al. 2019 36.84 0.0594 11.1% 36.84 [36.72, 36.96] .
Subtotal (95% CI) 33.3% 27.21 [19.97, 34.45] RS
Heterogeneity: Tau? = 40.89; Chi* = 61414.16, df = 2 (P < 0.00001); I> = 100%

Test for overall effect: Z = 7.37 (P < 0.00001)

1.2.2 Europe

Bollini et al. 2010 8 0.0313 11.1% 8.00 [7.94, 8.06] .

Bozcali et al. 2015 54.55 0.0671 11.1% 54.55 [54.42, 54.68] .
Sevencan et al. 2019 24.24 0.0282 11.1% 24.24 [24.18, 24.30]) .
Subtotal (95% CI) 33.3% 28.93 [9.22, 48.64] i
Heterogeneity: Tau? = 303.53; Chi’ = 434488.05, df = 2 (P < 0.00001); I> = 100%

Test for overall effect: Z = 2.88 (P = 0.004)

1.2.3 China

Lin etal. 2020 13.73 0.0096 11.1% 13.73 [13.71, 13.75] -

Liu etal. 2011 14.11 0.016 11.1% 14.11 [14.08, 14.14] .

Shen et al. 2013 18.14 0.0256 11.1% 18.14 [18.09, 18.19] .
Subtotal (95% CI) 33.3% 15.33 [13.28, 17.37] [}
Heterogeneity: Tau? = 3.27; Chi® = 26096.39, df = 2 (P < 0.00001); I> = 100%

Test for overall effect: Z = 14.67 (P < 0.00001)

Total (95% CI) 100.0% 23.82 [19.14, 28.50] ¢
Heterogeneity: Tau? = 51.37; Chi® = 772557.44, df = 8 (P < 0.00001); > = 100% —SIO —2=S le SIO

Test for overall effect: Z = 9.97 (P < 0.00001)
Test for subgroup differences: Chi* = 11.18, df = 2 (P = 0.004), I* = 82.1%

Fig.3 Subgroup analysis dividing the global incidence of cardiac anomalies in patients with congenital scoliosis by regions (North America,
Europe and China). Europe showed the highest incidence of cardiac anomalies followed by North America and China

Incidence of cardiac anomalies

Incidence of cardiac anomalies

Study or Subgroup Incidence of cardiac li SE Weight 1V, Random, 95% CI 1V, Rand 95% CI
1.3.1 Older than 10yo

Beauregard-Lacroix et al. 2016 20.98 0.0241 11.1% 20.98 [20.93, 21.03] .
Bozcali et al. 2015 54.55 0.0671 11.1% 54.55 [54.42, 54.68] .
Lin etal. 2020 13.73 0.0096 11.1% 13.73 [13.71, 13.75] .

Liu etal. 2011 14.11 0.016 11.1% 14.11 [14.08, 14.14] .
Sevencan et al. 2019 24.24 0.0282 11.1% 24.24 [24.18, 24.30] .

Shen et al. 2013 18.14 0.0256 11.1% 18.14 [18.09, 18.19] .
Subtotal (95% ClI) 66.7% 24.29 [19.02, 29.57] ¢
Heterogeneity: Tau? = 43.48; Chi’? = 534921.63, df = 5 (P < 0.00001); > = 100%

Test for overall effect: Z = 9.02 (P < 0.00001)

1.3.2 Younger than 10yo

Basu et al. 2002 11.9 0.0288 11.1% 11.90 [11.84, 11.96] .

Bollini et al. 2010 8 0.0313 11.1% 8.00 [7.94, 8.06]

Furdock et al. 2019 23.81 0.0351 11.1% 23.81 [23.74, 23.88) .
Subtotal (95% CI) 33.3% 14.57 [5.80, 23.34] >
Heterogeneity: Tau? = 60.01; Chi® = 120017.88, df = 2 (P < 0.00001); I = 100%

Test for overall effect: Z = 3.26 (P = 0.001)

Total (95% CI) 100.0% 21.05 [16.85, 25.25] 4
Heterogeneity: Tau? = 41.27; Chi’ = 667248.74, df = 8 (P < 0.00001); > = 100% _5100 _550 ) 550 1050

Test for overall effect: Z = 9.83 (P < 0.00001)
Test for subgroup differences: Chi? = 3.47, df = 1 (P = 0.06), I’ = 71.2%

Fig.4 Subgroup analysis showing how the cardiac anomalies incidence according to diagnosis age

Intraspinal defects were also associated with congenital
kyphosis [13]. In our study, the formation defects presented
a higher risk for cardiac anomalies. On the other hand, Reck-
les et al. [21] performed echocardiography on patients who
were going to undergo surgery and found cardiac anomalies
in 10% of these patients [21]. In our analysis, only three
studies discussed whether patients with congenital scolio-
sis underwent surgery [5, 15, 16]. Bozcali et al. [16] also
strongly recommended routine echocardiography for patients

with idiopathic and congenital scoliosis [16]. Regarding
whether cardiac anomalies represent a risk, the literature
supports intraoperative and postoperative risks. Severe cor-
rection has been associated with cardiopulmonary decom-
pensation. Renal anomalies have also been associated with
metabolic disturbances [22].

In our study, it was observed that the females presented a
higher incidence of cardiac anomalies, and formation defects
were the most frequent associated defect. In a meta-analysis
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Table 2 Main cardiac anomalies associated with congenital scoliosis

Type of cardiac anomaly %

Mitral valve prolapse 48.45
Valvular anomaly 39.81
ASD 29.98
Atrial septal aneurysm 24.42
VSD 21.08
Patent foramen ovale 13.95
T. Fallot 10.89
PDA 10.63
Dilated coronary sinus 8.47
Dextrocardia 3.71

of the incidence and characteristics of intraspinal anoma-
lies, no differences were observed in terms of gender or type
of malformation [4]. The location could not be analyzed
because it was not reported in the articles. Bollini et al.
[15] observed that the incidence of cardiac anomalies were
greater when the location of the deformity was the thoracic
region [15]. In addition, the relationship between cardiac
and intraspinal anomalies was well established. Bollini et al.
[15] also established the relationship between cardiac abnor-
malities and urogenital, gastrointestinal, and ocular anoma-
lies [15]. Sevencan et al. [19] observed that up to 57.9% of
patients had associated intraspinal anomalies [19]. On the
other hand, cardiopulmonary mortality increased due to the
progression of untreated curves [23]. These cardiopulmo-
nary changes caused by deformity, such as right ventricu-
lar alteration and cor pulmonale, negatively affect patients
with cardiac anomalies, especially those affecting the right
heart [23]. Some articles specified the type of risk for each

anomaly. Patients with Fontan circulation showed altered
coagulation, and patients with single ventricle defects
showed increased bleeding due to higher venous pressures
[8, 24, 25].

A prenatal diagnosis of anomalies could also be done.
The mean incidence found in these articles was 25.97%
(95% CI of 7.36-44.58%) [26-29]. Further, the most fre-
quent anomalies were an abnormal cardiac axis, double-
outlet right ventricle, tetralogy of Fallot, ASD, and VSD
[26-29]. The incidence of valvular anomalies was lower in
the diagnosis of prenatal cardiac anomalies than in the post-
natal diagnosis included in our study. Therefore, efforts in
postnatal ultrasound could be made to find or focus on this
type of anomalies, especially mitral valve prolapse.

This study had several limitations. Maternal or familial
risk factors could not be analyzed because they were not col-
lected in the individual studies. In addition, there was high
heterogeneity. On the other hand, the incidence data is deter-
mined by the practitioner’s ultrasound experience. Also, it
is to be expected that children with a severe heart disease
may die earlier and the incidence may be underestimated.
Moreover, not all studies presented diagnostic algorithms.
Some performed ultrasound on all children, some on those
who were going to undergo surgery, and some on those who
fulfilled certain characteristics; other studies did not specify.

Conclusion

The incidence rate of cardiac anomalies in patients with
congenital scoliosis was 21.05%, with mitral valve pro-
lapse being the most frequent. The incidence was higher
in Europe. Cardiac anomalies increased in females and in

Incidence male

Incidence male

Study or Subgroup Incidence male SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Bollini et al. 2010 50 0.2041 25.0% 50.00 [49.60, 50.40] u
Lin etal. 2020 46.89 0.0548 25.0% 46.89 [46.78, 47.00] u
Liu etal. 2011 34.33 0.058 25.0% 34.33[34.22, 34.44] L]
Sevencan et al. 2019 39.39 0.0653 25.0% 39.39[39.26, 39.52] u
Total (95% ClI) 100.0% 42.65 [36.05, 49.25] ¢

Heterogeneity: Tau? = 45.33; Chi? = 27292.03, df = 3 (P < 0.00001); I> = 100%
Test for overall effect: Z=12.67 (P < 0.00001)

Incidence female
IV, Random, 95% ClI

-100 -50 0 50 100

Incidence female
1V, Random, 95% ClI

Study or Subgroup Incidence female SE Weight
Bollini et al. 2010 50 0.2041 25.0%
Lin et al. 2020 53.11 0.0375 25.0%
Liuetal. 2011 65.67 0.058 25.0%
Sevencan et al. 2019 60.71 0.0653 25.0%
Total (95% ClI) 100.0%

50.00 [49.60, 50.40]
53.11 [53.04, 53.18]
65.67 [65.56, 65.78]
60.71 [60.58, 60.84]

57.37 [50.48, 64.27]

Heterogeneity: Tau? = 49.46; Chi?> = 37302.09, df = 3 (P < 0.00001); I> = 100%
Test for overall effect: Z = 16.31 (P < 0.00001)

-50 -25 O 25 50

Fig.5 Forest plots showing the incidence among genders. Females showed a significant higher incidence of cardiac anomalies
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Incidence formation defects

Incidence formation defects

Study or Subgroup Incidence formation defects SE Weight IV, Random, 95% ClI IV, Random, 95% ClI

Basu et al. 2002 20 0.1033 25.0% 20.00 [19.80, 20.20] u

Lin et al. 2020 44.07 0.0373 25.0% 44.07 [44.00, 44.14] u

Liu etal. 2011 59.7 0.0599 25.0% 59.70 [59.58, 59.82] L]
Sevencan et al. 2019 39.28 0.0653 25.0% 39.28 [39.15, 39.41] L]

Total (95% CI) 100.0% 40.76 [28.63, 52.89] e
Heterogeneity: Tau? = 153.19; Chi? = 127041.48, df = 3 (P < 0.00001); I> = 100% _550 _255 5 255 5{0

Test for overall effect: Z=6.59 (P < 0.00001)

Incidence of segmentation defects

Incidence of segmentation defects

Study or Subgroup Incidence of seg ation defects SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Basu et al. 2002 13.33 0.0878 25.0% 13.33 [13.16, 13.50] u

Lin et al. 2020 20.34 0.0303 25.0% 20.34 [20.28, 20.40] u

Liu etal. 2011 32.84 0.0574 25.0% 32.84 [32.73, 32.95] L]
Sevencan et al. 2019 14.29 0.0468 25.0% 14.29 [14.20, 14.38] L]

Total (95% ClI) 100.0% 20.20 [12.75, 27.65] <o
Heterogeneity: Tau? = 57.83; Chi? = 70502.38, df = 3 (P < 0.00001); I = 100% t 1 y y

Test for overall effect: Z = 5.31 (P < 0.00001)

Incidence of mixed defects

Incidence of mixed defects

Study or Subgroup Incidence of mixed defects SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Basu et al. 2002 40 0.1265 25.0% 40.00 [39.75, 40.25] u
Lin et al. 2020 35.59 0.0585 25.0% 35.59 [35.48, 35.70] u
Liu etal. 2011 7.46 0.0197 25.0% 7.46 [7.42, 7.50] u
Sevencan et al. 2019 14.29 0.0468 25.0% 14.29 [14.20, 14.38] u
Total (95% CI) 100.0% 24.33 [10.53, 38.14] -
e ge 2 _ . 2 _ - 12— 0, 4 1 } 1
Heterogeneity: Tau? = 198.38; Chi* = 265914.27, df = 3 (P < 0.00001); I’ = 100% 100 i ) 50 160

Test for overall effect: Z = 3.46 (P = 0.0005)

Fig.6 Forest plots showing the incidence among type of deformities. Formation defects showed the highest incidence followed by segmentation

defects and mixed defects

Incidence of associated intraspinal anomalies Incidence of associated intraspinal anomalies

Study or Subgroup Incidence of associated i SE Weight v, d 95% CI v, d 95% CI

Liu etal. 2011 14.93 0.1208 50.0% 14.93 [14.69, 15.17] |

Sevencan et al. 2019 39.29 0.0653 50.0% 39.29 [39.16, 39.42] | |

Total (95% CI) 100.0% 27.11 [3.24, 50.98] e i —
ity 2 _ . 2 = = R = + ! } n

Heterogeneity: Tau® = 296.70; Chi 31469.38, df = 1 (P < 0.00001); | 100% e 35 5 25 50

Test for overall effect: Z = 2.23 (P = 0.03)

Fig. 7 Forest plot showing the incidence of intraspinal anomalies associated with cardiac anomalies

those with formation defects. Future studies should focus
on whether cardiac abnormalities actually increase the
risk of spinal surgery. Further studies are also needed to
stratify by type of deformity, identify which factors lead
to an increased risk, and study maternal risk factors by
region or according to different biomarkers linked directly
to risk factors. This study could provide guidance to ultra-
sound practitioners in identifying the most frequent car-
diac anomalies, facilitating their detection and diagnosis
with greater accuracy.
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