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Abstract
Purpose Congenital diaphragmatic hernia (CDH) and cleft lip and/or palate (CL/P) are inborn closure defects. Genetic 
factors in and outcomes for patients with both anomalies (CDH+CL/P) remain unclear. We aimed to investigate associated 
genetic aberrations, prevalence of, and outcomes for, CDH+CL/P.
Methods Data from Congenital Diaphragmatic Hernia Study Group (CDHSG) registry were collected. CL/P prevalence in 
CDH patients was determined. Genetic abnormalities and additional malformations in CDH+CL/P were explored. Patient 
characteristics and outcomes were compared between CDH+CL/P and isolated CDH (CDH−) using Fisher’s Exact Test 
for categorical, and t-test or Mann–Whitney U-test for continuous, data. p < 0.05 was considered statistically significant.
Results Genetic anomalies in CDH+CL/P included trisomy 13, 8p23.1 deletion, and Wolf-Hirschhorn syndrome (4p16.3 
deletion). CL/P prevalence in CDH was 0.7%. CDH+CL/P had lower survival rates than CDH−, a nearly fourfold risk of 
death within 7 days, were less supported with extracorporeal life support (ECLS), had higher non-repair rates, and survivors 
had longer length of hospital stay.
Conclusion Genetic anomalies, e.g. trisomy 13, 8p23.1 deletion, and Wolf-Hirschhorn syndrome, are seen in patients with 
the combination of CDH and orofacial clefts. CL/P in CDH patients is rare and associated with poorer outcomes compared 
to CDH−, influenced by goals of care decision-making.
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Introduction

Congenital diaphragmatic hernia (CDH) and cleft lip and/or 
cleft palate (CL/P) are inborn closure defects. The etiology 
is incompletely understood for the two conditions, but mul-
tifactorial models involving genetic as well as environmental 
factors have been proposed for both malformations [1–3]. 
CDH and orofacial clefts (OFCs) both occur during the first 
trimester of the pregnancy and are found in syndromic and 
non-syndromic variants [4, 5].

CDH affects 2–3 per 10,000 live births [6–8]. The dia-
phragmatic hernia can be classified by its anatomic loca-
tion, and the severity of the defect by the CDH Study Group 
(CDHSG) Staging System for postnatal diaphragm defect 
size [9]. The heterogenicity of the condition leads to a wide 
discrepancy in outcomes, with many healthy survivors but 
also a high morbidity and significant mortality of about 
30–50% [5, 8, 10]. More than 50 genetic causes have been 
associated with CDH [5, 11] and the prevalence of genetic 
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defects in patients with CDH is estimated to approximately 
10%, but reported numbers range up to 34% [12–17]. CDH 
in combination with genetic anomalies has been shown to be 
associated with poorer outcomes and higher neonatal mor-
tality [18]. However, little is known about the association 
with craniofacial abnormalities, such as OFCs.

Cleft lip and palate (CLP) is a common birth defect with 
an incidence of 1–2 per 1000 live births [19, 20]. Orofacial 
clefts are associated with over 600 identified syndromes, 
the most common being van der Woude syndrome (VWS), 
22q11.2 deletion syndrome, Kallmann syndrome, and Pierre 
Robin Sequence (PRS) [21]. A few genes are strongly 
associated with the risk of developing a syndrome which 
includes an OFC, and several genes have been proposed as 
candidate genes for increasing the risk of developing non-
syndromic OFCs [22]. The severity of the cleft has been seen 
to increase with the prevalence of a syndrome or an associ-
ated malformation [21]. However, previous research on the 
association with syndromes with other closure defects, such 
as CDH, is sparse.

Since these two anomalies occur during the same period 
of intrauterine life, there is a possibility for common contrib-
uting genetic or environmental factors, but it is not known 
which genetic factors contribute to the co-occurrence of 
these two anomalies. It has not been investigated how the 
outcomes differ for patients with CDH+CL/P compared to 
CDH− patients.

Aim

The aim of this study was to investigate the co-occurrence 
of a genetic aberration and both malformations, to deter-
mine the prevalence of CL/P in patients with CDH, and to 
describe outcomes for these patients compared to patients 
with isolated CDH.

Methods

Data sources

In this registry-based, international cohort study, data 
were retrieved from the central registry of the CDHSG. 
The CDHSG registry is the largest database on CDH and 
involves patients reported from 133 centers providing care 
for CDH patients (specified in Appendix 1), with 83 centers 
active as per the data retrieval for this study. The database 
collects prospective data, until death or discharge, for all 
CDH patients born at or transferred to the participating cent-
ers, including infants who die in the delivery room or survive 
only a few hours in the participating centers. The form for 
registration of patients to the CDHSG in the current version 
(version 5) can be seen in Appendix 2. The CDHSG registry 

has been approved for use by the Institutional Review Board 
of the McGovern Medical School at UT Health in Houston 
(HSC-MS-03-223).

Study design and study population

All infants reported to the registry of the CDHSG between 
its inception in 1995 through August 2023 were included 
in the study. Data from patients entered in the registry with 
CDH and an associated orofacial cleft (CDH+CL/P) was 
analyzed and compared to data from patients with isolated 
CDH (CDH−). CDH+CL/P was defined as all patients 
entered in the registry with cleft lip with or without cleft 
palate (CL±P), or isolated cleft palate (ICP), or orofacial 
cleft registered as an associated anomaly. Isolated CDH was 
defined as patients with CDH but without any registered 
genetic, cardiac, or other anomaly (Fig. 1).

Variables

The CDH+CL/P group was examined with respect to all 
genetic aberrations recorded in the cohort and to additional 
reported malformations. The methods used for chromo-
some analysis during the study period were not registered 
for CDH+CL/P patients, but the long study period implies 
that both karyotype, microarray, and, lately, whole exome 
sequencing/whole genome sequencing have been used.

Subgroup analysis was performed on CDH+CL/P and 
CDH−. The overall prevalence of CDH+CL/P in the 
registry was determined. The groups CDH+CL/P and 
CDH− were analyzed and compared with respect to sur-
vival rate, time to death, risk of death within and after 

Patients in the CDHSG 
registry

n = 13600

Isolated CDH without 
any genetic or other 
anomalies (CDH-)

n = 9282

CDH with any type of 
orofacial cleft reported 

(CDH + CL/P)
n = 99

CDH with other 
abnormalities (not 

including orofacial clefts)
n = 4219

Fig. 1  Flowchart of the cases included from the CDHSG registry. 
Exclusion and subgrouping of patients from the CDHSG registry into 
two cohorts, CDH+CL/P and CDH−. CDH congenital diaphragmatic 
hernia, CDHSG Congenital Diaphragmatic Hernia Study Group, 
CL/P cleft lip and/or cleft palate
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the first 7 days of life (DOL), survival rate post surgical 
repair, defect side (right, left, or bilateral), defect size 
according to the CDHSG Staging System, use of extra-
corporeal life support (ECLS), timing and type of surgical 
repair (of the diaphragmatic hernia), rate of non-repairs, 
length of hospital stay (LOS), need for oxygen at 30 DOL, 
and persistent pulmonary hypertension of the newborn 
(PPHN). The groups were also compared with respect to 
descriptive parameters, i.e. birth weight, estimated ges-
tational age (EGA), observed/expected lung-to-head ratio 
(O/E LHR), sex, and rate of prenatal CDH diagnosis.

Statistics

The analyzed data was presented in absolute values (n), 
percentages (%), odds ratio (OR), hazard ratio (HR) and 
95% confidence intervals (CI) for categorical variables. 
For continuous variables with a presumed normal distri-
bution, data was presented in mean values and standard 
deviations (SD). Continuous variables with a skewed 
distribution were presented in medians and interquartile 
ranges (IQR). For categorical data, Fisher’s Exact test was 
performed to investigate differences between the groups. 
For continuous variables with a normal distribution, t-test 
was used, and for continuous variables with a skewed dis-
tribution, Mann–Whitney U-test was used. Logistic and 
Cox PH regression was used when appropriate to quantify 
the strengths of possible associations. Cumulative inci-
dence curves for competing risks were used to illustrate 
the probabilities of death versus operation and of dis-
charge versus no discharge. The Kaplan Meier survival 
analysis was used to illustrate time to death after repair 
and time to death after surviving to 7 DOL. Statistical 
significance was defined as p < 0.05. Analyses were per-
formed using SPSS® version 24.

Results

Out of the 13,600 patients in the CDHSG registry, 99 
patients (0.7%) had a reported orofacial cleft of some sort. 
The baseline characteristics for the groups CDH+CL/P and 
CDH− are shown in Table 1. The patients in the CDH+CL/P 
group had a significantly lower birth weight and a signifi-
cantly lower EGA than patients with isolated CDH. In the 
CDH+CL/P group, 76 patients (76.8%) had additional 
abnormalities reported. The single most common malfor-
mation was atrial septal defect (ASD), which was reported 
in 34 patients. Other commonly reported abnormalities were 
polydactyly (8 patients) and ventricular septal defect (VSD) 
(6 patients).

Twenty-two (22.2%) of the 99 patients with CDH+CL/P 
had reported genetic anomalies. Genetic abnormalities were 
most common in the CDH+CL+P group (24.4%) and least 
common in CDH+ICP patients (18.2%). Genetic aberra-
tions reported more than once in the cohort were trisomy 
13 (reported in four patients, out of which three had CL+P 
and one had ICP), 8p23.1 deletion (reported in five patients, 
all with ICP), and Wolf-Hirschhorn syndrome/4p16.3 dele-
tion (reported in two patients, both with CL-P). Only seven 
(31.8%) of the patients with reported genetic anomalies sur-
vived to discharge.

The two cohorts were compared with respect to out-
comes with the results summarized in Table 2. Survival 
rates for the patients in the CDH+CL/P group were signifi-
cantly lower compared to the CDH− group (54.5 vs. 77.7%, 
p < 0.001), with a 3.9 times higher risk of death within 
7 days (p < 0.001). The probabilities of dying or undergo-
ing surgery of the CDH for the two groups at different points 
in time can be visualized in Fig. 2a. However, there was 
no significant difference in risk of death if the patient had 
survived the first 7 DOL (HR 1.07, CI 1.21–4.05, p = 0.8). 
Kaplan–Meier estimates of time to death after surviving to 
7 DOL are shown in Fig. 2b. The rates of patch repair, as 
a proxy of defect severity, were similar; however, the rates 

Table 1  Patient characteristics

A descriptive comparison of the groups CDH+CL/P and CDH−
The p-values considered statistically significant shown in italics
CDH− isolated congenital diaphragmatic hernia, CDH+CL/P congenital diaphragmatic hernia and any 
orofacial cleft, CI confidence interval, EGA estimated gestational age, O/E LHR observed/expected lung-
to-head ratio, OR odds ratio, S.D. standard deviation

CDH+CL/P (n = 99) CDH− (n = 9282) p-value OR (95% CI)

Birth weight (kg), mean ± S.D 2.55 ± 0.75 3.02 ± 0.60 <0.001
EGA (weeks), mean ± S.D 36.49 ± 2.83 37.73 ± 2.22 <0.001
O/E LHR (%), mean ± S.D 33.61 ± 23.87 42.81 ± 18.78 0.195
Male, % (n) 61.6 (61) 58.7 (5435) 0.316 1.13 (0.75–1.70)
Prenatal diagnosis, % (n) 61.6 (61) 65.8 (6085) 0.222 0.84 (0.56–1.26)
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of non-repair were significantly higher in the CDH+CL/P 
group (32.3%) compared to in the CDH− group (11.3%, 
p < 0.001). The difference in risk of surgical repair was 
found to be statistically significant only after 8 DOL (HR 
0.21, CI 0.12–0.61, p = 0.002). Survival curves for deceased 
patients after surgical repair are visualized in Fig. 2c.

Right sided and bilateral CDH was more common in 
patients with an associated orofacial cleft (18.2 and 5.1%, 
respectively), compared to isolated CDH (15.2 and 0.5%, 
respectively, p < 0.001). Patients with CDH+CL/P were also 
supported with ECLS less often (15.2 vs. 29.3%, p < 0.001). 
The need for oxygen at 30 DOL was higher and PPHN 
requiring treatment was more often seen in CDH+CL/P, 
although not statistically significant. The median LOS was 
longer for the CDH+CL/P group (49 DOL) compared to 
CDH− (35 DOL, p = 0.003). The probabilities of a patient 
in either group being discharged or not can be visualized in 
Fig. 3. Furthermore, patients in the CDH+CL/P group were 
half as likely as CDH− patients to be discharged at all (HR 
0.49, CI 0.37–0.63, p < 0.001).

Discussion

Whether there is an association between CDH and CL/P 
and what the outcomes for these patients are have not 
previously been investigated, neither are the genetic and 
environmental factors contributing to the two malforma-
tions fully known. Since these congenital closure defects 
arise during the same period of intrauterine life, there 
could be common genetic factors influencing the devel-
opment of both abnormalities. Trisomy 13, deletion of 
8p23.1, and Wolf-Hirschhorn syndrome/4p16.3 deletion 
were recorded multiple times in CDH+CL/P patients. 
Based on the registered data, the prevalence of OFC 
in patients with CDH was estimated to 0.7%, which is 
markedly higher than the 1–2 per 1000 live births that is 
reported to be the overall prevalence of CL/P [19]. Hence, 
it seems that OFCs are somewhat more common in infants 
with CDH compared to in the non-CDH population. That 
the CDH+CL/P cohort is generally sicker was shown 
by higher odds of death early after birth, higher rates of 

Table 2  Patient outcomes

Outcomes for and analyses of the differences between the groups CDH+CL/P and CDH−
The p-values considered statistically significant shown in italics
CDH− isolated congenital diaphragmatic hernia, CDH+CL/P congenital diaphragmatic hernia and any orofacial cleft, CI confidence interval, 
DOL days of life, ECLS extracorporeal life support, IQR interquartile range, OR odds ratio, PPHN persistent pulmonary hypertension of the 
newborn, S.D. standard deviations

CDH+CL/P (n = 99) CDH− (n = 9282) p-value OR (95% CI)

Survival, % (n) 54.5 (54) 77.7 (7212) <0.001 0.34 (0.23–0.51)
Death within 7 DOL, % (n) 26.3 (26) 8.4 (784) <0.001 3.86 (2.45–6.08)
Survival post repair, % (n) 80.6 (54) 87.5 (7198) 0.071 0.59 (0.32–1.09)
Defect side, % (n) <0.001
 Left 76.8 (76) 84.3 (7817)
 Right 18.2 (18) 15.2 (1411)
 Bilateral 5.1 (5) 0.5 (44)

Defect size, % (n) 0.628
 A 16.7 (2) 14.8 (822)
 B 33.3 (4) 40.4 (2251)
 C 25.0 (3) 32.6 (1819)
 D 25.0 (3) 12.2 (680)

ECLS, % (n) 15.2 (15) 29.3 (2713) <0.001 0.43 (0.25–0.75)
Repair type, % (n) 1.000
 Patch 50.0 (33) 50.3 (4112)
 Primary 50.0 (33) 49.5 (4050)
 Overlay 0.0 (0) 0.2 (17)

Non-repair, % (n) 32.3 (32) 11.3 (1053) <0.001 0.27 (0.18–0.41)
O2 at 30 DOL, % (n) 50.8 (32) 43.3 (3099) 0.143 0.74 (0.45–1.21)
Treatment PPHN, % (n) 70.6 (12) 63.2 (4161) 0.361 1.40 (0.49–3.97)
Time to death (DOL), median (IQR) 5 (1–34.5) 14 (2–28) 0.308
Time to repair (DOL), median (IQR) 4 (2–8) 4 (2–8) 0.133
Time to discharge (DOL), median (IQR) 49 (26–104.5) 35 (21–61) 0.003
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non-repair, and a lower chance of and longer time to dis-
charge. However, after surviving to 7 DOL and after sur-
gical repair, survival rates were not significantly different 

between groups. Even though the results were not sig-
nificant, probably due to a low number of CDH+CL/P 
patients with O/E LHR reported, the severity of lung 

Fig. 2  a–c Death and surgical repair. Orange line CDH+CL/P. Blue 
line CDH−. a Cumulative incidence curves for competing risk, illus-
trating the probability of operation or death over time, measured as 
days since birth. b Time to death after surviving to 7 DOL. c Time to 

death after surgical repair. CDH− isolated congenital diaphragmatic 
hernia, CDH+CL/P congenital diaphragmatic hernia and any orofa-
cial cleft, DOL days of life

Fig. 3  Hospital discharge. 
Cumulative incidence curves for 
competing risks, illustrating the 
probability of being discharged 
or not over time, measured as 
days since birth. CDH− iso-
lated congenital diaphragmatic 
hernia, CDH+CL/P congenital 
diaphragmatic hernia and any 
orofacial cleft
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hypoplasia was shown to be more pronounced in this 
group, shown by lower O/E LHR values.

Multiple studies have pointed towards a heterogenic etiol-
ogy for CDH with varying degrees of genetic determinants 
[10, 23]. This study found 22.2% of the CDH+CL/P patients 
had registered genetic anomalies, compared to the approxi-
mately 10% in all CDH patients that earlier studies have 
reported, although reports range up to 34% [12–17]. This 
relatively large number points to a higher rate of genetic 
abnormalities in CDH+CL/P patients. However, it is not 
the highest number reported, with one possible explana-
tion being that CDH+CL/P patients have another genetic 
background, to a smaller degree associated to chromosomal 
abnormalities. That the diagnostic methods have evolved 
during the study period can also influence the comparison 
with other studies. Moreover, we cannot exclude the possi-
bility that not all patients entered in the registry have under-
gone chromosome analysis.

This is the first study to investigate which genetic aber-
rations occur in patients with both CDH and OFC. Both 
the deletions (deletion of 8p23.1 and deletion of 4p16.3) 
and trisomy 13 described in this study have already been 
reported with CDH, and with CL/P, although to different 
extents. Trisomy 13 is a chromosomal abnormality with a 
strong association to CLP [24, 25], and also one of the more 
common aneuploidies described together with CDH [24], 
with high antenatal mortality and a survival for live births of 
less than 10% [26]. Due to the already established associa-
tions, the finding is not surprising.

The deletions identified in this study both involve inter-
vals known to be associated with CDH and CL/P. The 8p23.1 
deletion is known as a CDH “hot spot”, with an incomplete 
penetrance of about 50% [27]. There are also reports of the 
deletion, and the duplication, of 8p23.1 occurring together 
with an OFC [28, 29]. A gene in this chromosome segment 
hypothesized to contribute to the development of CDH is 
GATA-binding protein 4 (GATA4) [10], a transcription fac-
tor associated with retinoic acid signaling which is expressed 
in the developing heart and diaphragm [30]. On the other 
hand, the 4p16.3 deletion causes Wolf-Hirschhorn syndrome 
(WHS, MIM: 194190), which is characterized by growth 
and mental retardation, cardiac anomalies, and dysmor-
phic craniofacial features [23, 31]. WHS includes an OFC 
in about 25% of cases [32, 33]. Although not a common 
feature of the syndrome, CDH has been reported in more 
than a dozen WHS patients, with multiple genes identified 
whose haploinsufficiency could contribute to CDH [10, 23, 
34]. In summary, the chromosomal abnormalities found in 
this study correspond well with previous literature on the 
hypothesized genetic backgrounds of CDH and CL/P.

As far as the authors are aware, the outcomes for patients 
with CDH and an associated OFC have not been investi-
gated earlier. Although not surprising that outcomes are 

worse than for patients with isolated CDH, it is noticeable 
that the OR for death within 7 DOL is almost four times 
higher for the CDH+CL/P cohort, and that these patients 
are half as likely to eventually be discharged. The results 
suggest that, if not operated on at an early age, CDH+CL/P 
patients have a lower chance of undergoing surgery at all. 
The significantly higher rates of non-repair and lower rates 
of ECLS point towards different tendencies in the care given 
to and resources put into these patients, indicating a sicker 
and more fragile group. One could speculate that the reduced 
rate of ECLS indicates a group with a less severe condi-
tion but, however, the similarities in defect size and PPHN 
requiring treatment (as a proxy of severity of the condition) 
point towards that, presumably, both groups would be need-
ing ECLS to a similar extent. It is therefore plausible that 
these lower numbers indicate that the infants are presumed 
beforehand to be too sick to benefit from receiving ECLS.

Strengths and limitations

The main strength of this study is the broad extent of data. 
Being both multinational and multi-center, the CDHSG reg-
istry includes patients from a wide geographical spectrum. 
We focused on all infants ever to have been reported to the 
registry, which provides for the largest material possible 
from the registry. However, the study also has its limita-
tions, mainly due to reporting of data being both limited 
and varying over time. Some of the parameters, e.g. hernia 
size, PPHN, and O/E LHR, were introduced in recent ver-
sions of the CDHSG reporting form, which means data is 
missing for a large share of the CDH+CL/P patients. This 
could decrease the chance of significant results and poten-
tially skew the results, since some studies have found that 
outcomes have improved for CDH patients over time [8, 35]. 
As the CDHSG registry does not specify whether associated 
abnormalities are not present, not detected, or not registered, 
there is a level of uncertainty regarding this parameter. The 
methods, protocols, and availability for genetic testing has 
also changed a lot during the period that the data were col-
lected. Which genetic tests have been performed, if any at 
all, is not recorded in the current data set, also limiting the 
interpretation of the results regarding possible genetic fac-
tors. As the data collection only comprises the time of in-
hospital stay, it should also be noted that it does not consider 
any events occurring after patients are discharged from the 
centers.

Clinical applications

This study shines a light on the outcomes for infants with 
a rare combination of congenital malformations, a combi-
nation which has not been researched before. Research on 
infants with CDH influences guidelines for clinical decision 
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making by pediatricians involved in these patients within 
both surgery and medicine. Research on infants with CDH 
is also of importance to the families of patients with CDH as 
it can help improve prenatal counselling and risk prediction 
[36]. In this context it is also relevant how the co-occur-
rence of the two malformations CDH and CL/P affects the 
expected outcomes. Although not overwhelming, nor previ-
ously completely undiscovered, the reported genetic anoma-
lies found in the CDH+CL/P group could be of clinical rele-
vance for parents with children with these genetic anomalies. 
The next step is to perform comprehensive genetic analysis 
in these cases, using whole genome sequencing in trio for-
mat. This will facilitate the study of monogenic causes in the 
CDH+CL/P group. With a larger part of the genetic factors 
elucidated, genetic testing and counseling could influence 
the advising and the clinical management in the context of 
prenatally diagnosed CDH, to better help families and indi-
viduals with CDH, with or without CL/P.

Conclusions

Genetic aberrations such as deletion of 8p23.1, Wolf-
Hirschhorn syndrome, and trisomy 13 are associated with 
the co-occurrence of CDH and OFC. CL/P in patients with 
CDH is rare, with a reported prevalence of 0.7%. Compared 
to cases with isolated CDH, these patients have lower sur-
vival rates and higher odds of dying within 7 DOL, require 
longer hospital stays, are less often offered ECLS, and have 
higher rates of non-repair. However, if surviving the first 
week of life and if undergoing surgical repair, the survival 
of CDH+CL/P patients does not seem to be significantly 
lower than that of children with CDH−. Decision-making 
regarding goals of care for these patients seems to influence 
the outcome.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00383- 024- 05843-5.

Author contributions Conceptualization: C.M.B.; Methodology: 
C.M.B, P.N.; Formal analysis and investigation: P.N.; Writing—origi-
nal draft preparation: P.N.; Writing—review and editing: C.M.B., 
M.T.H., E.I., P.P., P.N.; Resources: A.H.E.; Supervision: C.M.B.

Funding Open access funding provided by Karolinska Institute.

 Data availability The data that support the findings of this study are 
not openly available due to reasons of sensitivity and are available 
from the corresponding author upon reasonable request. The data 
were retrieved upon request from the Congenital Diaphragmatic Her-
nia Study Group, Department of Pediatric Surgery at University of 
Texas Health Science Center at Houston. https:// med. uth. edu/ pedia trics 
urgery/ resea rch/ resea rch- cente rs- and- progr ams/ cdhsg/.

Declarations 

Conflict of interest This research did not receive any funds, grants 
or other support from funding agencies in the public, commercial, or 
not-for-profit sectors. The authors have no relevant financial or non-
financial interests to disclose. 

Ethical approval This research study was conducted retrospectively 
from data obtained for clinical purposes and was approved by the Insti-
tutional Review Board of the McGovern Medical School at UT Health 
in Houston (HSC-MS-03-223).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Li J, Rodriguez G, Han X, Janečková E, Kahng S, Song B et al 
(2019) Regulatory mechanisms of soft palate development and 
malformations. J Dent Res 98(9):959–967

 2. Pober BR (2007) Overview of epidemiology, genetics, birth 
defects, and chromosome abnormalities associated with CDH. 
Am J Med Genet C Semin Med Genet 145C(2):158–171

 3. Carroll K, Mossey PA (2012) Anatomical variations in clefts of 
the lip with or without cleft palate. Plast Surg Int 2012:542078

 4. Leslie EJ, Marazita ML (2013) Genetics of cleft lip and cleft pal-
ate. Am J Med Genet C Semin Med Genet 163C(4):246–258

 5. Wynn J, Yu L, Chung WK (2014) Genetic causes of congenital 
diaphragmatic hernia. Semin Fetal Neonatal Med 19(6):324–330

 6. Burgos CM, Frenckner B (2017) Addressing the hidden mortality 
in CDH: a population-based study. J Pediatr Surg 52(4):522–525

 7. McGivern MR, Best KE, Rankin J, Wellesley D, Greenlees R, 
Addor MC et al (2015) Epidemiology of congenital diaphragmatic 
hernia in Europe: a register-based study. Arch Dis Child Fetal 
Neonatal Ed 100(2):F137–F144

 8. Politis MD, Bermejo-Sánchez E, Canfield MA, Contiero P, Cragan 
JD, Dastgiri S et al (2021) Prevalence and mortality in children 
with congenital diaphragmatic hernia: a multicountry study. Ann 
Epidemiol 56:61–9.e3

 9. Lally KP, Lasky RE, Lally PA, Bagolan P, Davis CF, Frenck-
ner BP et al (2013) Standardized reporting for congenital dia-
phragmatic hernia–an international consensus. J Pediatr Surg 
48(12):2408–2415

 10. Pober BR (2008) Genetic aspects of human congenital diaphrag-
matic hernia. Clin Genet 74(1):1–15

 11. Scott DA (2007) Genetics of congenital diaphragmatic hernia. 
Semin Pediatr Surg 16(2):88–93

 12. Garne E, Haeusler M, Barisic I, Gjergja R, Stoll C, Clementi M 
et al (2002) Congenital diaphragmatic hernia: evaluation of prena-
tal diagnosis in 20 European regions. Ultrasound Obstet Gynecol 
19(4):329–333

https://doi.org/10.1007/s00383-024-05843-5
https://med.uth.edu/pediatricsurgery/research/research-centers-and-programs/cdhsg/
https://med.uth.edu/pediatricsurgery/research/research-centers-and-programs/cdhsg/
http://creativecommons.org/licenses/by/4.0/


 Pediatric Surgery International (2024) 40:259259 Page 8 of 8

 13. Howe DT, Kilby MD, Sirry H, Barker GM, Roberts E, Davison 
EV et al (1996) Structural chromosome anomalies in congenital 
diaphragmatic hernia. Prenat Diagn 16(11):1003–1009

 14. Philip N, Gambarelli D, Guys JM, Camboulives J, Ayme S (1991) 
Epidemiological study of congenital diaphragmatic defects with 
special reference to aetiology. Eur J Pediatr 150(10):726–729

 15. Tonks A, Wyldes M, Somerset DA, Dent K, Abhyankar A, Bagchi 
I et al (2004) Congenital malformations of the diaphragm: find-
ings of the West Midlands Congenital Anomaly Register 1995 to 
2000. Prenat Diagn 24(8):596–604

 16. Bollmann R, Kalache K, Mau H, Chaoui R, Tennstedt C (1995) 
Associated malformations and chromosomal defects in congenital 
diaphragmatic hernia. Fetal Diagn Ther 10(1):52–59

 17. Witters I, Legius E, Moerman P, Deprest J, Van Schoubroeck D, 
Timmerman D et al (2001) Associated malformations and chro-
mosomal anomalies in 42 cases of prenatally diagnosed diaphrag-
matic hernia. Am J Med Genet 103(4):278–282

 18. Burgos CM, Gupta VS, Conner P, Frenckner B, Lally KP, 
Ebanks AH, et al. (2023) Syndromic congenital diaphragmatic 
hernia: current incidence and outcome. Analysis from the con-
genital diaphragmatic hernia study group registry. Prenat Diagn 
43(10):1265–1273

 19. Abbott MA (2014) Cleft lip and palate. Pediatr Rev 35(5):177–181
 20. Mossey PA, Little J, Munger RG, Dixon MJ, Shaw WC (2009) 

Cleft lip and palate. Lancet 374(9703):1773–1785
 21. Bartzela T, Theuerkauf B, Reichardt E, Spielmann M, Opitz C 

(2021) Clinical characterization of 266 patients and family mem-
bers with cleft lip and/or palate with associated malformations 
and syndromes. Clin Oral Investig 25(9):5531–5540

 22. Mossey PA, Little J, Steegers-Theunissen R, Molloy A, Peterlin 
B, Shaw WC et al (2017) Genetic interactions in nonsyndromic 
orofacial clefts in Europe-EUROCRAN Study. Cleft Palate Crani-
ofac J 54(6):623–630

 23. Holder AM, Klaassens M, Tibboel D, de Klein A, Lee B, Scott DA 
(2007) Genetic factors in congenital diaphragmatic hernia. Am J 
Hum Genet 80(5):825–845

 24. Kini U (2023) Genetics and orofacial clefts: a clinical perspective. 
Br Dent J 234(12):947–952

 25. Babai A, Irving M (2023) Orofacial clefts: genetics of cleft lip and 
palate. Genes (Basel) 14(8):1603

 26. Goel N, Morris JK, Tucker D, de Walle HEK, Bakker MK, 
Kancherla V et al (2019) Trisomy 13 and 18-Prevalence and 
mortality-A multi-registry population based analysis. Am J Med 
Genet A 179(12):2382–2392

 27. Longoni M, Lage K, Russell MK, Loscertales M, Abdul-
Rahman OA, Baynam G, et  al. (2012) Congenital diaphrag-
matic hernia interval on chromosome 8p23.1 characterized by 

genetics and protein interaction networks. Am J Med Genet A 
158A(12):3148–3158

 28. Lei T, Zhang Y, Wang H, Li F, Cui Y, Fu F et al (2014) Analysis 
of 22 patients with congenital cleft lip and palate using high-
resolution chromosome microarray. Zhonghua Yi Xue Yi Chuan 
Xue Za Zhi 31(4):433–437

 29. Barber JC, Rosenfeld JA, Foulds N, Laird S, Bateman MS, 
Thomas NS, et al. (2013) 8p23.1 duplication syndrome; com-
mon, confirmed, and novel features in six further patients. Am J 
Med Genet A 161A(3):487–500

 30. Brosens E, Peters NCJ, van Weelden KS, Bendixen C, Brouwer 
RWW, Sleutels F et al (2021) Unraveling the genetics of con-
genital diaphragmatic hernia: an ongoing challenge. Front Pediatr 
9:800915

 31. WOLF-HIRSCHHORN SYNDROME (WHS) 07/17/2017 ed. 
Online Mendelian Inheritance in Man, OMIM ®: Online Men-
delian Inheritance in Man, OMIM ®. Johns Hopkins University, 
Baltimore, MD.; 1987:MIM Number: 194190.

 32. Xing Y, Holder JL, Liu Y, Yuan M, Sun Q, Qu X et al (2018) 
Prenatal diagnosis of Wolf-Hirschhorn syndrome: from ultra-
sound findings, diagnostic technology to genetic counseling. Arch 
Gynecol Obstet 298(2):289–295

 33. Chen CP, Chen CY, Chern SR, Wu PS, Chen SW, Lai ST, et al. 
(2017) Prenatal diagnosis of a 1.6-Mb 4p16.3 interstitial micro-
deletion encompassing FGFRL1 and TACC3 associated with 
bilateral cleft lip and palate of Wolf-Hirschhorn syndrome facial 
dysmorphism and short long bones. Taiwan J Obstet Gynecol 
56(6):821–826

 34. Callaway DA, Campbell IM, Stover SR, Hernandez-Garcia A, 
Jhangiani SN, Punetha J et al (2018) Prioritization of candidate 
genes for congenital diaphragmatic hernia in a critical region on 
chromosome 4p16 using a machine-learning algorithm. J Pediatr 
Genet 7(4):164–173

 35. Hagadorn JI, Brownell EA, Herbst KW, Trzaski JM, Neff S, 
Campbell BT (2015) Trends in treatment and in-hospital mortal-
ity for neonates with congenital diaphragmatic hernia. J Perinatol 
35(9):748–754

 36. Guner YS, Harting MT, Jancelewicz T, Yu PT, Di Nardo M, 
Nguyen DV (2022) Variation across centers in standardized mor-
tality ratios for congenital diaphragmatic hernia receiving extra-
corporeal life support. J Pediatr Surg 57(11):606–613

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Congenital diaphragmatic hernia and cleft lip and palate: looking for a common genetic etiology
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Aim

	Methods
	Data sources
	Study design and study population
	Variables
	Statistics

	Results
	Discussion
	Strengths and limitations
	Clinical applications

	Conclusions
	References




