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Abstract
Introduction Open heart surgery is the most common treatment for congenital heart disease. Thoracotomy, sternotomy, or a 
combination of both are the main approaches used in open heart surgeries. In cardiac surgery, there have been concerns that 
these surgeries increase the likelihood of spinal deformities. Therefore, this systematic review and meta-analysis provided 
updated evidence on the prevalence of spinal deformities following congenital heart surgery.
Method EMBASE, Medline, ScienceDirect, and Google Scholar were used to search for studies published until 2022. We 
include randomized clinical trials and observational studies that reported the prevalence of spinal deformities (scoliosis 
and kyphosis) after congenital heart surgery among participants without these deformities before surgery. Two independent 
reviewers independently screened literature identified from the databases. Two reviewers independently conducted screening 
of studies identified during the search, data extraction, and quality assessment of the included studies.
Results In total, 688 studies were screened; 13 retrospective and one prospective cohort studies were included, encompassing 
2294 participants. The pooled prevalence of spinal deformities (scoliosis and kyphosis) after open heart surgery performed 
on skeletally immature patients was 23.1% (95% confidence interval [CI] = 23.1–35.3;  I2 = 97.5%).
Conclusion This review suggests that the prevalence of spinal deformities was high among patients who underwent ster-
notomy or thoracotomy.
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Introduction

A spinal deformity is a disposition in the angulation of a 
natural spinal curvature, causing it to deviate beyond the 
established normative range [1, 2]. Kyphosis and lordosis 
are spinal dispositions in the sagittal axis, while scoliosis 
is a three-dimensional rotational deformation of the spine 
characterized by an abnormal deviation of the lateral spinal 
curvature [3]. The most common form of spinal deformities 
is idiopathic scoliosis, with a prevalence ranging between 2 
and 3%. Female gender, genetic predisposition, and develop-
mental delays are associated with higher risks of idiopathic 
scoliosis [4].

A high prevalence of scoliosis has been reported after 
cardiac surgery for the treatment of congenital heart diseases 
(CHD), and surgical interventions involving the immature 
rib cage (sternotomy or thoracotomy) are considered to be 
complicated by significant musculoskeletal and cosmetic 
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deformities that may not become apparent until the child is 
much older [4]. CHDs affect nearly 1% of all live births [5]. 
CHD is a broad and heterogeneous condition with diverse 
etiologies [6].

The vast majority of CHD cases are treated by open heart 
surgery [7], and the main approaches in open heart surgeries 
include thoracotomy, sternotomy, or a combination of both 
[8]. Despite the significant advances in cardiac surgery in 
recent decades leading to improvements in the prognosis 
of CHD, studies suggest that these surgeries may increase 
the likelihood of spinal deformities, especially scoliosis [9]. 
Meanwhile, there has also been a notable increase in the 
risk of developing secondary scoliosis in CHD patients, and 
various studies estimated the risk to range from 2 to 31% 
[6–8]. Other theories have been proposed to identify the pos-
sible mechanisms by which open heart surgery contributes 
to spinal defects. Some studies suggest that manipulating the 
thoracic cage in the early stages of life is likely a mechani-
cal contributory mechanism [10, 11]. However, the precise 
mechanism remains uncertain.

Most studies on the prevalence and determinants of spinal 
deformities following heart surgery are chiefly limited by 
small sample sizes. Small sample sizes predispose the find-
ings of these studies to random error, making it challenging 
to precisely estimate the prevalence of spinal deformity after 
heart surgery and limited statistical power to identify factors 
associated with spinal deformity following heart surgery. 
There is a need, therefore, to combine the findings of previ-
ous studies in a meta-analysis to provide precise estimates of 
the prevalence of and identify factors associated with spinal 
deformity after heart surgery. This systematic review and 
meta-analysis summarized evidence on the prevalence and 
associated factors with spinal deformities, particularly sco-
liosis and kyphosis, after open heart surgeries in pediatric 
patients with congenital heart diseases.

Methods

This systematic review was performed in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines [12] and 
was registered with PROSPERO (registration number: 
CRD42022379813).

Search strategy

A structured electronic search was performed from March 
9th, 2022, until December 8th, 2022, in EMBASE, Medline, 
ScienceDirect, and Google Scholar with no restrictions on 
the publication date or language. Combinations of the fol-
lowing text words and MeSH terms were used: "congenital 
heart disease," "congenital heart defect," "congenital heart 

anomaly,” “cardiac surgical procedures," "sternotomy," 
"thoracotomy," "spine malformation," "scoliosis," and 
"kyphosis" (see Appendix for search strategy). Additionally, 
a manual search of reference lists of the retrieved articles 
was carried out in order to cover more relevant studies.

Eligibility criteria

The systematic review included the following studies: (1) 
All study designs, including prospective and retrospective 
studies; (2) conducted on children with congenital heart dis-
eases who underwent surgery (thoracotomy, sternotomy, or 
both) before reaching skeletal maturity, which is 18 years 
and younger; (3) had sufficient follow-up to detect spinal 
deformity following surgery; (4) did not include patients 
with deformity before the surgery. The exclusion criteria 
were: studies conducted on patients with syndromes that 
increased the risk of spinal deformity; (5) did not provide the 
required data to calculate the prevalence of spinal deformity.

Study selection and data abstraction

Two reviewers independently screened the titles and 
abstracts of articles identified from database searches based 
on the eligibility criteria, excluding articles that were clearly 
not eligible for this review. They then screened the full texts 
of articles considered to be eligible for inclusion based on 
the title and abstract stage. Disagreements between the two 
reviewers were resolved through consensus or arbitration by 
a third author. A predesigned form was used to abstract the 
data from the full texts of eligible articles.

Risk of bias assessment

The National Institutes of Health Quality Assessment Tool 
for Observational Cohort and Cross-Sectional Studies 
(NIH-QAT, National Institutes of Health, 2017) was used 
to assess the risk of bias among the included studies. The 
tool assesses the clarity of the research question or objec-
tives, the suitability of the selected study population and 
sample size in addition to the adequacy of its description, 
the exposure measurements, the outcomes, the sufficiency 
of the study timeframe with the adequacy of follow-ups, 
and the adequacy of the statistical analyses. Two reviewers 
independently assessed the risk of bias in the included stud-
ies, rating each study as good, fair, or poor quality. The two 
review authors resolved disagreements through discussions.

Statistical analysis

Statistical analyses were performed using the “Meta” and 
“Metafor” packages of the R programming language (ver-
sion 4.2.2, 2022, The R Foundation for Statistical Computing 
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Platform, Vienna, Austria). Study-specific proportions were 
pooled by inverse-variance weighted random-effects meta-
analysis after their variances were stabilized using Freeman-
Tukey double-arcsine transformation before calculating the 
pooled summary estimate. The exact binomial interval was 
used to calculate the confidence interval of the individual 
study estimates.

The I2 statistic and p-value from Cochrane’s Q χ2 test 
were used to assess heterogeneity in the study-specific esti-
mate across studies [13].  I2 statistics below 30%, 30–49%, 
50–70%, and over 70% were interpreted to indicate low, 
moderate, substantial, and considerable heterogeneity in 
study-specific effects. A p-value < 0.05 from Cochrane’s Q 
test indicated statistically significant evidence of heteroge-
neity [13].

Subgroup and metaregression analysis were performed to 
investigate potential sources of heterogeneity for the main 
analysis by age at the time of surgery, percentage of females, 
duration of follow-up, and type of intervention. Subgroup 
analysis was performed if at least ten studies were included 
in the meta-analysis. Funnel plot asymmetry was used to 
assess evidence of small-study effect, and Egger’s regres-
sion test was used to formally test for publication bias. The 
threshold of statistical significance for the subgroup analysis, 
metaregression, and Egger’s test was set at 0.1.

Sensitivity analysis was performed using leave-one-out 
analysis. In addition, the pooled summary prevalence was 
re-estimated after excluding poor-quality studies.

For the analysis of the factors associated with spinal 
deformity, we first recalculated the unadjusted odds ratios 
(ORs) and their respective variances for each study. The 
log-ORs were then pooled into a fixed-effect meta-analytic 
model using the Mantel–Haenszel method if the  I2 < 50%: 
the estimates were pooled using random-effects meta-anal-
ysis if the  I2 ≥ 50% [13–15].

Results

Literature search and study characteristics

A total of 662 studies were identified, 91 full texts were 
assessed, and 13 out of them met our inclusion crite-
ria (Fig. 1). Our included studies reporting data on 2294 
patients were included in this study (Table 1). The included 
studies were published between 1975 and 2018, and most 
(77%) were published from 2010 and beyond. Most studies 
were retrospective cohort studies (92%), conducted in the 
USA (23%), and used a combination of sternotomy and thor-
acotomy (69.2%) for managing CHD (Table 1 and S1). The 
detailed characteristics of the included studies are shown in 
Table S1. The quality of most studies was fair (62%), 23.1% 
was good, and 15.4% was poor (Table 1 and S2).

Prevalence of deformity

Figure 2 shows the prevalence of total deformity among 
patients who underwent surgical intervention for congenital 
heart disease. Data was pooled from 13 studies, including 
2294 participants and 577 cases. The pooled prevalence of 
total deformity was 23.1%, with considerable heterogeneity 
across studies (pooled prevalence = 23.1%; 95% confidence 
interval [CI] = 23.1–35.3;  I2 = 97.5%; Fig. 2).

Figures S1–4 show the results of the subgroup analysis. Dif-
ferences in follow-up times between studies were a significant 
source of heterogeneity in the prevalence of total deformity 
between studies (Fig. S1; Tables S1 and S12). There was no 
significant evidence of moderation of the pooled prevalence 
by age, sex, and type of intervention (Figs. S2–4). We found 
no evidence of publication bias among studies reporting on 
the pooled prevalence of total deformity (Fig. S5). On sensi-
tivity analysis, we found no evidence of influential studies on 
leave-1-out analysis (Fig. S6), and the pooled prevalence did 
not change substantially after excluding poor-quality studies 
(Fig. S2), indicating that our finding was robust. After exclud-
ing poor quality studies, the pooled prevalence of total deform-
ity was 20.9% (95% CI = 10.0–34.3;  I2 = 97.8%; Fig. S7).

Figures 3, 4, 5 display the prevalence of scoliosis, hypoky-
phosis, and hyperkyphosis, respectively. The pooled preva-
lence of scoliosis using data from 10 studies, including 1351 
patients, was 19.5% (95% CI = 10.2–30.7;  I2 = 95.1%; Fig. 3). 
Data used for the meta-analysis of the prevalence of hypoky-
phosis was provided by three studies (Fig. 4), while four stud-
ies provided data for the meta-analysis of the prevalence of 
hyperkyphosis (Fig. 5). The prevalence of hypokyphosis and 
hyperkyphosis were 17.3% (95% CI = 3.1–39.2;  I2 = 94.2%; 
Fig. 4) and 4.7% (95% CI = 0.2–13.4;  I2 = 89.0%; Fig. 5).

Risk factors of total deformity

We investigated the association between age, gender, and 
type of heart disease with total deformity (Figs. 6, 7, 8). 
Two, eight, and five studies provided data on the association 
of age, gender, and type of congenital heart disease with total 
spinal deformities, respectively. We found no evidence of 
an association between age (pooled odds ratio [OR] = 0.52; 
95% CI = 0.00–313.78;  I2 = 97%; Fig. 6), gender (OR = 0.90; 
95% CI = 0.71–1.15;  I2 = 49%; Fig. 7), and type of congeni-
tal heart disease (OR = 1.25; 95% CI = 0.84–1.86;  I2 = 46%; 
Fig. 8).

Discussion

This systematic review and meta-analysis aimed to inves-
tigate the prevalence of spinal deformities following surgi-
cal management of CHD in pediatric patients with no prior 
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spinal deformity or congenital conditions that increase 
their risk of spinal deformity following surgery. The pooled 
prevalence of spinal deformity after surgical management 
of CHD was found to be 23.1%, indicating about one in four 
children undergoing surgical management for CHD are at 
risk of spinal deformities, which is higher than the risk in 
the general population and patients with other underlying 
conditions.

We found that the duration of follow-up explained some 
of the heterogeneity in the prevalence across studies. Studies 
with longer duration of follow-up had a higher prevalence of 
total spinal deformities compared to those with shorter dura-
tions of follow-up. Studies with longer durations of follow-
up are more likely to detect new cases and, therefore, have 
a higher prevalence.

The incidence of idiopathic scoliosis in the general popu-
lation has been reported in various epidemiological studies 
worldwide. More recent studies report a lower incidence of 
scoliosis compared to earlier studies. In 2021, the prevalence 
of scoliosis was reported to range between 0.2 and 0.8% 

among children in a nationwide study conducted in South 
Korea by Sung et al. [16]. the prevalence among children 
10–18 years in the US was reported to be 0.52% in 2022 by 
Thomas et al. [17]; the prevalence reached up to 2.3% in a 
Turkish study conducted in 2020 by Yilmaz et al. [18]. By 
contrast, an earlier review published in 2012 by Konieczny 
et al. [19]—including seven studies published between 1976 
and 2010 that collected data through school screening from 
six countries—reported a prevalence of up to 5.2%. The low-
est reported rates were 0.47% and 0.59%, but those studies 
only included children younger than 15 years—higher rates 
are usually detected in older children, which might have 
underestimated the prevalence.

Multiple studies suggest even higher rates among children 
who underwent sternotomy or thoracotomy on an immature 
rib cage. Mishra et al. [20]. conducted a systematic review 
of 14 institution-based retrospective cohort studies published 
between 1969 and 2019, including 1338 children born with 
esophageal atresia and treated early in life via thoracotomy. 
They reported a prevalence of scoliosis of 20% among all 

Fig. 1  The PRISMA flow dia-
gram of the study inclusion and 
exclusion process
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included children and a prevalence of 13% after excluding 
patients with congenital musculoskeletal anomalies. Both 
reported percentages exceeded the rates reported in any of 
the general population, indicating that these patients have a 
higher risk of scoliosis following thoracotomy compared to 
the general population.

Gender, age at the time of surgery, follow-up period, and 
the type of heart disease have been suggested to be asso-
ciated with spinal deformity following heart surgery, but 
none showed a significant association in the present meta-
analysis. In contrast, Mery et al. [21] reported gender and 
developmental delay were associated with spinal deformity. 
By combining cases from previous studies, this meta-anal-
ysis had a greater statistical power to investigate associa-
tions than individual studies, indicating that findings from 
this meta-analysis may be more reliable. Nevertheless, our 
result on the association between age at surgery and risk of 
spinal deformity may be unreliable as only two studies were 
included in this specific meta-analysis. Therefore, further 
studies are warranted to explore the association between age 
at surgery and the risk of spinal deformity after open heart 
surgery for CHD.

Cyanotic CHD has been hypothesized to cause asym-
metrical bone growth owing to decreased bony perfusion, 

but the findings from previous studies have been controver-
sial. Studies have shown no association between the type of 
CHD and the development of spinal deformity after open 
heart surgery [10, 22]. While other studies have reported 
that patients with cyanotic CHD are more likely to develop 
spinal deformity after surgery compared to patients with 
non-cyanotic CHD [9]. This meta-analysis found no associa-
tion between cyanotic CHD and the risk of spinal deformity 
following open heart surgery.

The severity and types of spinal deformities varied across 
the studies included in our analysis. Scoliosis was the most 
commonly reported spinal deformity, followed by kyphosis 
and lordosis. The heterogeneity in the reported types and 
severity of spinal deformities indicates the complex nature 
of these conditions and underscores the importance of indi-
vidualized assessment and management approaches.

Health implications of the findings

The observed prevalence of deformities of the spine sheds 
light on the critical need to raise awareness among providers 
of healthcare and long-term strategies focused on follow-up 
plans for CHD patients. The implications of spinal deformity 
development in children after surgical management of CHD 
are far-reaching [23]. And can negatively impact the overall 
quality of life, functional abilities, and psychological well-
being of affected individuals [24]. Moreover, spinal deformi-
ties may lead to additional healthcare needs, such as the 
requirement for orthopedic interventions or physical therapy, 
further burdening the healthcare system [25]. Moreover, the 
management of spinal deformities is associated with a sub-
stantial economic burden on the patient’s family, which can 
plunge the patient’s family into poverty. Understanding the 
prevalence of spinal deformities in patients undergoing open 
heart surgery for CHD is crucial to guide resource allocation 
for better management of this complication. Moreover, there 
is a need for large-scale (multinational) prospective cohort 
studies with long durations of follow-up to understand the 
risk factors of spinal deformities in patients with CHD after 
open heart surgery.

Limitations

The limitations of the present study should be acknowl-
edged. First, the included studies exhibited heterogeneity 
in terms of patient characteristics and follow-up duration, 
reducing the precision of the pooled prevalence. Second, 
even though we found no evidence of publication bias, this 
cannot be entirely ruled out, as studies with negative or 
non-significant findings may be underrepresented in the 
literature. Third, a number of the included studies lacked 
long-term follow-up, making it challenging to determine 
the true incidence and progression of spinal deformities 

Table 1  Summary characteristics of studies included in the meta-
analysis

IQR Interquartile range

Characteristics N = 13 studies

Age at surgery in months, median (IQR) 36 (14–63)
Year of publication
Range 1975–2018
Before 2000 3 (23.1%)
2000 and beyond 10 (76.9%)
Study design
Retrospective 12 (92.3%)
Prospective 1 (7.7%)
Country
USA 3 (23.1%)
Germany 2 (15.4%)
Turkey 2 (15.4%)
Others 6 (46.2%)
Intervention
Thoracotomy 2 (15.4%)
Sternotomy 1 (7.7%)
Both 9 (69.2%)
Not reported 1 (7.7%)
Study quality
Good 3 (23.1%)
Fair 8 (61.5%)
Poor 2 (15.4%)
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Fig. 2  Pooled prevalence of total spinal deformity after spinal surgery among patients with congenital heart disease

Fig. 3  Pooled prevalence of scoliosis after spinal surgery among patients with congenital heart disease
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Fig. 4  Pooled prevalence of hypokyphosis after spinal surgery among patients with congenital heart disease

Fig. 5  Pooled prevalence of hyperkyphosis after spinal surgery among patients with congenital heart disease

Fig. 6  Association between age and total spinal deformities
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beyond the immediate postoperative period. Fourth, this 
meta-analysis was underpowered in investigating some 
factors associated with spinal deformities, such as age.

Conclusions

This systematic review and meta-analysis showed that 
about one in four children with CHD developed spi-
nal deformity following surgical management of CHD. 
Healthcare providers should be aware of this potential 
complication and implement appropriate monitoring and 
management strategies. Future research should focus more 
on understanding the underlying mechanisms, risk factors, 

and long-term outcomes associated with spinal deformities 
in this population to optimize patient care and improve 
overall outcomes.
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tary material available at https:// doi. org/ 10. 1007/ s00586- 023- 08083-8.
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