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Abstract
Aim  With the advancement in the treatment strategies of congenital diaphragmatic hernia (CDH), there is an increase in 
the survival rates. This fact leads to an increase in the morbidity and extrapulmonary complications in the long term such as 
failure to thrive, hernia recurrence, neurodevelopmental delay, gastrointestinal problems, and musculoskeletal anomalies. 
Herein, we aim to investigate the association between the long-term musculoskeletal complications in CDH patients regard-
ing the defect size, repair type, and perinatal parameters.
Methods  After Institutional Review Board approval was obtained (2017-6361), a retrospective chart review was performed 
on CDH patients from 2003 to 2016. Patients who were operated due to left-sided isolated congenital diaphragmatic hernia 
and survived to date were included in the study. Data were collected on demographics, preoperative characteristics, operative 
interventions, and postoperative outcomes. Statistical analysis was performed with IBM SPSS Statistics 20.0.0 (Chicago, IL).
Results  There were 98 patients with left CDH of whom 33 (33.7%) had primary repair, 25 (25.5%) had patch repair, and 40 
(40.8%) had muscle flap repair. The median age of the patients was 6.00 ± 3.83 years. 45 patients (45.9%) had large diaphrag-
matic defects, 28 patients (28.6%) had at least one type of musculoskeletal deformities, 2 of which were pectus carinatum, 
16 were pectus excavatum, and 18 were scoliosis. CDH patients who had small diaphragmatic defects and repaired with a 
patch were less likely develop musculoskeletal deformities while who had primary abdominal closure after ventral hernia 
significantly have more pectus excavatum.
Conclusion  Although there was a trend towards an increased risk of the pectus deformity and scoliosis in patients repaired 
with muscle flap, it did not reach statistical significance. There is a correlation between musculoskeletal deformities and the 
severity of the CDH.

Keywords  Congenital diaphragmatic hernia · Muscle flap · Prosthetic patch · Outcomes · Scoliosis · Pectus excavatum · 
Musculoskeletal complications

Introduction

Congenital diaphragmatic hernia (CDH) is a severe condi-
tion characterized by the defective formation of diaphragm 
musculature, which causes protrusion of abdominal organs 
into the thoracic cavity [1]. It is seen approximately 1 in 
2500–5000 live births [2]. One theory speculates that 

migration of the abdominal content into the thorax com-
presses the developing fetal lung causing pulmonary hyper-
tension and pulmonary hypoplasia, which have high mor-
tality rates [3]. The type and technique of repair in CDH 
patients were mostly determined by the surgeon’s experience 
and the defect size, as well as the general condition of the 
patient. Most of the time, small defects can be repaired pri-
marily, while larger defects require patch repair or muscle 
flap [3, 4]. With the advancement in the treatment strategies 
of CDH, there is now an increase in the survival rates rang-
ing from 53 to 90% [5]. These higher survival rates have 
also led to an increase in the morbidity and extrapulmonary 
complications in the long term. Failure to thrive, hernia 
recurrence, neurodevelopmental delay, gastrointestinal prob-
lems, and musculoskeletal anomalies are the most common 
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complications [6]. According to the literature, floppy use 
of synthetic patch has decreased the prevalence of muscu-
loskeletal anomalies in these patients compared to patients 
operated with muscle flap repair [7–9].

Chest wall deformities and vertebral deformities com-
promise the central aspect of musculoskeletal anomalies. 
The prevalence of idiopathic scoliosis, which is defined as 
the curvature of the spine greater than 10°, is 2–4% in ado-
lescents. Pectus deformity is also seen approximately 1% 
of adolescents [10]. Of the CDH survivors, 31% have chest 
wall deformities, mainly pectus excavatum, and 13% have 
spinal deformities, mainly scoliosis [11]. There are stud-
ies in the literature that demonstrate the coexistence of the 
musculoskeletal anomalies with CDH; however, there is 
not much study that compares the effect of repair type on 
this comorbidity [6, 10, 12, 13]. Therefore, the hypothesis 
of this study is that most severe diaphragmatic hernias are 
intrinsically associated with musculoskeletal deformities 
independent of the type of repair. We aim to compare the 
long-term musculoskeletal outcomes of CDH patients in a 
selected population per type of repair.

Methods

Data acquisition

After Institutional Review Board approval was obtained with 
IRB #2017-6361, a retrospective review was performed of 
all congenital diaphragmatic hernia repairs from 2003 to 
2016 at a single academic pediatric hospital with associated 
fetal care center. Data were assembled through an institu-
tional database and augmented with the electronic medical 
record for the hospital. Data were collected on demograph-
ics, comorbidities, preoperative characteristics, operative 
interventions, and complications. Long-term outcome data 
were achieved prospectively through parental surveys and 
verified by electronic medical record review. All surveys 
were distributed at a single point in time regardless of the 
original surgery date. Phone calls to non-responders allowed 
for additional data collection for a total inclusion percentage 
of 93%.

Study population

Patients who were operated due to left-sided isolated con-
genital diaphragmatic hernia between January 2003 and 
December 2016 and survived to date were included in the 
study. The primary outcome of this study was the presence 
of musculoskeletal and vertebral deformities. The diagnosis 
was based on the medical records of the patients by primary 
care physicians, pediatric surgeons, orthopedics and radiolo-
gists; and verbal announcements of the parents, which were 

verified by the latest radiological images of the patients. 
Patients were categorized by the technique of their CDH 
repair: primary, patch, and muscle flap. The degree of scolio-
sis was decided mild for curves less than 25°, moderate for 
curves between 25° and 45° and severe for the curves over 
45°. The diagnosis of pectus deformity was made by Haller 
Index in radiological studies. Abdominal closure techniques 
were classified as primary repair, secondary repair (primary 
repair after intentional temporary abdominal ventral hernia), 
tertiary repair (primary repair after multiple closures with 
Silastic or Gore-Tex dual mesh patch, similar to Bogota 
bag), primary closure with mesh, and secondary closure 
with mesh (mesh closure after temporary abdominal ven-
tral hernia).

Statistical analysis was performed with IBM SPSS Sta-
tistics 24.0.0 (Chicago, IL). The characteristics of the study 
sample were summarized by descriptive statistics, with 
dichotomous or ordinal data presented as percentages, and 
continuous data as medians with standard deviations. Kol-
mogorov–Smirnov test was used to demonstrate normal dis-
tribution. One-way ANOVA was used for homogeneity of 
the variables, Student’s T test and Pearson correlation were 
used for parametric data, and Mann–Whitney U, Wilcoxon 
and Kruskal–Wallis tests and Spearman correlation were 
used for non-parametric data. Statistical associations were 
considered significant if the p value was < 0.05.

Results

There were 203 patients who were admitted with a diagno-
sis of CDH during the study period, of which 114 patients 
were diagnosed with isolated left-sided CDH. Among these 
patients, 98 of them (86.0%) survived to date (Table 1).

None of the non-survivals had a musculoskeletal deform-
ity. Among them, 7 (43.8%) were female with a mean birth 
weight of 2848.13 ± 577.46 g. The defect in the diaphragm 
muscle was classified as type D per CDH Study Group reg-
istry classification in 9 (56.3%) of the patients while the rest 
were type C. Six (37.5%) patients were repaired with muscle 
flap, of which 66.7% were type D. The mean age for surgical 
repair was 19.00 ± 14.12 days.

Of these survivors, 33 (33.70%) had primary repair, 25 
(25.50%) had patch repair, and 40 (40.80%) had muscle flap 
repair. The median age of the patients at the time of the 
survey was 6.00 ± 3.83 years. 45 patients (45.9%) had large 
diaphragmatic defects (CDH Study Group registry classi-
fication types C and D) (Table 2). 28 patients (28.6%) had 
at least one type of musculoskeletal deformities, 2 (2%) of 
which were pectus carinatum, 8 (8.2%) were pectus excava-
tum, 10 (10.2%) were scoliosis, and 8 (8.2%) patients had 
both pectus excavatum and scoliosis.
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The majority (89/98, 90.8%) of the patients had pri-
mary abdominal closure while only 9 (9.2%) had mesh 
repair. Among primary abdominal closure patients, five 
were left with a ventral hernia at the initial surgery, which 
was followed by primary repair (Table 3). 6 of 89 primary 
abdominal closure patients were repaired after multiple clo-
sures with a synthetic patch similar to Bogota bag. Among 
patients, those repaired with mesh closure, only 2 (22.2%) 
of them needed secondary mesh closure. In patients with 

musculoskeletal deformity, 8 out of 9 abdominal mesh clo-
sure patients had large diaphragmatic defect (p = 0.007, 
OR 11.24, 95% CI 1.35–93.78). As the number of concur-
rent abdominal closures increases, the probability of the 
musculoskeletal deformity increases; 60% (p = 0.200) in 
patients with primary repair after ventral hernia and 66.7% 
in patients with primary repair after multiple closures with 
a Bogota bag (p = 0.077, OR 4.47, 95% CI 0.76–25.79). Fur-
thermore, CDH patients who had primary abdominal closure 
after ventral hernia significantly have more pectus excava-
tum (p = 0.007, OR 7.36, 95% CI 1.41–60.66).

Patient characteristics and postnatal follow-up course are 
summarized in Table 1. Patient demographics other than 
gestational age at delivery were comparable between groups. 
Further analysis demonstrated that CDH patients who had 
small diaphragmatic defects were less likely to develop 
musculoskeletal deformities than those with large defects 
(p = 0.074, OR 2.318, 95% CI 0.914–5.880). Although there 
was a trend towards an increased risk of the pectus deform-
ity and scoliosis in patients repaired with muscle flap, it did 

Table 1   Characteristics of CDH 
patients included in the study

Values expressed as medians ± standard deviations or counts (percentage of the group). LHR 1 indicates 
the lung-to-head ratio before the 30th week of gestation; O/E LHR 1, observed to expected lung-to-head 
ratio before 30th week of gestation; O/E TLV 1, observed to expected total lung volume before 30th week 
of gestation; LHR 2 indicates lung-to-head ratio after 30th week of gestation; O/E LHR 2, observed to 
expected lung-to-head ratio after 30th week of gestation; O/E TLV 2, observed to expected total lung vol-
ume after 30th week of gestation

Primary repair n 33 Patch repair n 25 Muscle flap repair n 40 p

Demographics
 Female sex 13 (39.4%) 12 (48%) 21 (52.5%) 0.532
 Age of the patient 7.50 ± 3.92 5.00 ± 4.52 5.00 ± 3.11 0.102
 Age of mother 27.00 ± 6.50 26.00 ± 4.50 27.00 ± 6.03 0.978
 Gestational age at diagnosis 29.71 ± 5.08 25.86 ± 5.34 24.29 ± 4.14 0.100
 Gestational age at delivery 38.29 ± 1.15 37.71 ± 1.56 38.07 ± 1.96 0.022
 Birth weight 3130.00 ± 505.51 2907.00 ± 465.19 2875.00 ± 469.43 0.104

Perinatal information
 Prenatal diagnosis 22 (66.7%) 16 (64.0%) 38 (95%) 0.003
 Large defect size 2 (6.1%) 14 (56%) 29 (72.5%) 0.000
 Liver up 3 (9.1%) 11 (50%) 23 (57.5%) 0.000
 Hernia sac 7 (21.2%) 1 (4.4%) 5 (12.5%) 0.157
 LHR 1 1.60 ± 0.69 1.41 ± 0.58 1.20 ± 0.48 0.010
 O/E LHR 1 38.06 ± 11.37 31.93 ± 12.27 30.38 ± 9.11 0.070
 O/E TLV 1 27.62 ± 15.24 14.26 ± 11.89 12.10 ± 9.36 0.003
 LHR 2 1.86 ± 0.74 1.61 ± 0.48 1.70 ± 0.76 0.135
 O/E LHR 2 32.98 ± 11.36 30.07 ± 9.33 32.01 ± 14.26 0.323
 O/E TLV 2 37.28 ± 9.32 24.13 ± 11.04 30.60 ± 9.94 0.130

CDH repair
 Repair time (days) 6.00 ± 9.87 8.00 ± 8.39 13.00 ± 10.72 0.028
 Gastrostomy 4 (12.1%) 13 (52%) 22 (55%) 0.000

Musculoskeletal outcomes
 Pectus excavatum 4 (12.1%) 4 (16%) 8 (20%) 0.662
 Scoliosis 2 (6.1%) 5 (20%) 11 (27.5%) 0.061

Table 2   Comparison of the repair techniques with diaphragmatic 
defect size determined by CDH Study Group staging

Primary repair Patch repair Muscle 
flap 
repair

A 14 0 0
B 17 11 11
C 2 9 21
D 0 5 8
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not reach statistical significance (Table 4). The univariate 
analysis demonstrated that prenatal diagnosis, LHR ratio, 
O/E TLV after the 30th week of gestation, liver herniation 
into the thoracic cavity, diaphragmatic defect size and CDH 
repair type (primary repair and muscle flap repair) were 
independent risk factors for musculoskeletal deformity in 
CDH patients. However, the correlation coefficients between 
each parameter were low.

In the subanalysis of musculoskeletal deformity in CDH 
patients, the majority had a mild deformity, of which 8 
(40%) were isolated pectus excavatum, 6 were isolated sco-
liosis, 1 (5%) was pectus carinatum, and 5 were combined 
scoliosis and pectus excavatum. Only 7 (25%) patients with 
a musculoskeletal deformity needed an intervention which 
is bracing for scoliosis. None of the patients with pectus 
excavatum or carinatum required surgery.

Discussion

While overall survival rates for neonates with CDH have 
improved significantly, pulmonary and extrapulmonary 
complication rates are also increasing [12]. Of the extrapul-
monary ones, musculoskeletal problems are essential to con-
sider during follow-up visits with the prevalence ranging 
between 20 and 48% [13]. In our study, we retrospectively 
analyzed 98 patients with a left-sided isolated congenital 
diaphragmatic hernia for associated musculoskeletal anoma-
lies and found that 28 patients (28.6%) have at least one 
anomaly, mainly scoliosis, and pectus excavatum.

Although there is no definitive mechanism explained for 
musculoskeletal anomalies in CDH patients, there are some 
theories. First, these anomalies are primarily associated with 
CDH given the close relationship between the development 
of chest wall, thoracic spine, diaphragm, and lungs [3]. To 
better evaluate the effects of surgical techniques, we did not 
include any patient with congenital musculoskeletal deform-
ities at birth. Second, musculoskeletal anomalies develop 
as a complication of CDH. Excessive tension after repair 
causes chest wall asymmetries and spinal abnormalities. 
This is supported by the fact that musculoskeletal anomaly 
incidence is higher in larger defects. To deal with the second 
theory, patch repair is widely preferred in the larger defect 
per the floppy patch decreases the tension [10]. In our study, 
even though more patients had pectus deformity and sco-
liosis in patients repaired with muscle flap, the statistical 
significance could not be determined. We speculated that the 
preference of the surgeons related to the repair type might 
put a bias on these results per muscle flap repair technique is 
the most preferred technique in patients with larger defects. 
Another explanation is that the lungs of the patients with 
CDH are hypoplastic and have poor compliance. To over-
come this compliance problem, increased negative intratho-
racic pressure is needed, and it causes inward pulling of the 
chest wall. This increased work of breathing also creates 
increased tension on the diaphragm and may cause spinal 
deformities [10]. This knowledge correlates with our find-
ings in this study. We demonstrated that the severity of the 
musculoskeletal deformities increases as the prenatal lung 
measurements decrease.

Table 3   Distribution of 
musculoskeletal deformity types 
per diaphragmatic repair and 
abdominal closure type

PE pectus excavatum, Sc Scoliosis, PC pectus carinatum

CDH repair type Abdominal closure type Musculoskeletal deformity type

PE Sc PC PE&Sc

Primary repair Primary abdominal closure 2 (50%) 1 (25%) 1 (25%)
Secondary abdominal closure 1 (100%)

Prosthetic patch Primary abdominal closure 2 (28.6%) 3 (42.9%) 2 (28.6%)
Muscle flap Primary abdominal closure 1 (12.5%) 3 (37.5%) 1 (12.5%) 3 (37.5%)

Secondary abdominal closure 1 (50%) 1 (50%)
Tertiary abdominal closure 1 (25%) 2 (50%) 1 (25%)
Primary mesh closure 1 (50%) 1 (50%)

Table 4   Relation between repair 
types and musculoskeletal 
deformity in CDH patients

RR relative risk, CI confidence interval

CDH repair type Pectus excavatum Scoliosis

RR 95% CI p RR 95% CI p

Primary 0.66 0.23–1.88 0.422 0.24 0.06–1.01 0.025
Patch 0.97 0.35–2.74 0.959 1.12 0.45–2.84 0.807
Muscle flap 1.45 0.59–3.54 0.414 2.28 0.97–5.37 0.053
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As stated in the literature, patients with CDH have much 
higher rates of musculoskeletal deformities compared to the 
general population. Vanomo et al. [14] found that in patients 
with CDH, these rates were 27% and 48%, respectively. 
However, to our knowledge, there has been no other study 
that investigates the relationship between abdominal wall 
closure in CDH and musculoskeletal deformities. Since the 
abdominal organs herniate into the thorax, the abdominal 
cavity is small in size compared to healthy counterparts. We 
also speculated that the musculoskeletal deformities were 
not only resulted from the disease itself or type of repair but 
also the abdominal closure might affect that. In our study, 
the majority of patients with musculoskeletal anomalies 
(92.9%) had primary abdominal closure, which supports 
our hypothesis per more tension would be caused in these 
patients.

Our study demonstrated that CDH patients with larger 
diaphragmatic defects were more likely to develop mus-
culoskeletal deformities than those with smaller defects. It 
also showed that that prenatal diagnosis, low LHR ratio, low 
O/E TLV after the 30th week of gestation, liver herniation 
into the thoracic cavity were risk factors. Besides, it was 
revealed that the prevalence of a musculoskeletal deformity 
in CDH patients was higher in patients repaired with mus-
cle flap. The incidence of scoliosis was higher in patients 
with muscle flap repair than primary repair. However, there 
is no statistically significant difference in musculoskeletal 
complication rates between the patch repair and muscle flap 
repair, which is also compatible with the literature [9, 15].

One limitation of the study other than being a retrospec-
tive review which includes inherent bias is the bias on the 
selection of the surgical technique by the surgeon. If there 
is not enough muscle to stitch the patch, then costal stitches 
would be done which probably increase the deformity inci-
dence. To prevent this, the muscle flap technique would be 
the chosen technique in these patients, which contributes 
to the high incidence of deformities in this group. Another 
limitation is relatively short follow-up of the patients per 
musculoskeletal deformities may develop late in childhood 
or even adulthood.

In conclusion, we found a 28.6% incidence of musculo-
skeletal anomalies in CDH patients. Prenatal diagnosis, low 
LHR ratio, low O/E TLV after the 30th week of gestation, 
liver herniation into the thoracic cavity, and larger diaphrag-
matic defect size are risk factors. We also found that muscle 
flap and patch repair have a higher incidence of scoliosis rate 
than primary repair.
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