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Abstract: Congenital diaphragmatic hernia (CDH) is a major congenital malformation with high
mortality. Outcome data on larger unselected patient groups in Germany are unavailable as there is
no registry for CDH. Therefore, routine data from the largest German health insurance fund were
analyzed for the years 2009-2013. Main outcome measures were incidence, survival and length of
hospital stay. Follow-up was 12 months. 285 patients were included. The incidence of CDH was
2.73 per 10,000 live births. Overall mortality was 30.2%. A total of 72.1% of the fatalities occurred
before surgery. Highest mortality (64%) was noted in patients who were admitted to specialized
care later as the first day of life. Patients receiving surgical repair had a better prognosis (mortality:
10.8%). A total of 67 patients (23.5%) were treated with ECMO with a mortality of 41.8%. The median
cumulative hospital stay among one-year survivors was 40 days and differed between ECMO- and
non-ECMO-treated patients (91 vs. 32.5 days, p < 0.001). This is the largest German cohort study of
CDH patients with a one-year follow-up. The ECMO subgroup showed a higher mortality. Another
important finding is that delayed treatment in specialized care increases mortality. Prospective
clinical registries are needed to elucidate the treatment outcomes in detail.
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1. Introduction

Congenital diaphragmatic hernia is one of the major live-threatening congenital
malformations, which requires the full spectrum of perinatal care, including prenatal
diagnosis, probable prenatal therapy, postnatal intensive care and paediatric surgery. CDH
has an incidence of 2.3-2.81 per 10,000 pregnancies in Europe and a proportion of live-born
patients between 75% and 83% [1,2]. CDH accounts for approximately 50 fatalities per year
in Germany out of a total of 744,000 births per year (2015) [3]. Although prenatal diagnosis
is feasible and would lead to intensified perinatal care, in Europe, approximately one out
of four CDH cases is not detected prenatally [4].

There is no registry of CDH in Germany. Two German regional clinical registries for
congenital malformations (Province Saxony-Anhalt, City of Mainz) contribute to the Euro-
pean network, EUROCAT [5]. These population-based registries focus on the epidemiology,
prevalence, etiology, genetic diagnosis and risk factors for congenital malformations but
not on the treatment modalities and associated outcomes.

Insurance companies increasingly evaluate their routine patient data, especially with
respect to diagnoses, procedures, mortality and length of hospital stay. These datasets have
been successfully used for epidemiological research [6-8].

Children 2021, 8, 160. https:/ /doi.org/10.3390/ children8020160

https:/ /www.mdpi.com/journal/children


https://www.mdpi.com/journal/children
https://www.mdpi.com
https://orcid.org/0000-0002-6118-550X
https://orcid.org/0000-0002-7796-3329
https://orcid.org/0000-0002-7273-6055
https://orcid.org/0000-0002-1268-6092
https://doi.org/10.3390/children8020160
https://doi.org/10.3390/children8020160
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/children8020160
https://www.mdpi.com/journal/children
https://www.mdpi.com/2227-9067/8/2/160?type=check_update&version=2

Children 2021, 8, 160

2 0f9

There are detailed treatment guidelines for CDH patients [9-11]. Prenatally diagnosed
neonates with CDH are already referred to specialized perinatal centres. However, there is
still limited evidence that a higher caseload per centre results in a better outcome [12-17].
Selected NICU centres with ECMO (extracorporeal membrane oxygenation) facilities have
published their outcome data on CDH patients [18-22] and established international
networks [23-25]. In contrast, little is known about the overall outcome of patients with
CDH in Germany.

Therefore, we analysed routine data from CDH patients insured by the largest local
health insurance fund to evaluate treatment outcomes in the years 2009-2013.

2. Materials and Methods
2.1. Study Population

In Germany, in 2011, 87% of the inhabitants were insured under statutory health
insurance (SHI) [26,27]. The Allgemeine Ortskrankenkasse (AOK) is the largest statutory
health insurance company in the country; it has branches all over the country and covers
approximately one third of German patients.

The number of live births from 2009 to 2013 was 665,126 (2009), 677,947 (2010), 662,685
(2011), 673,544 (2012) and 682,069 (2013) (total: 3,361,371) [3,28].

The number of newborns in the AOK insurance group in this period was estimated to
be 1,043,029, resulting from a proportion of neonates insured by AOK of 31.0%.

2.2. Definitions

According to the International Classification of Diseases, tenth revision (ICD-10),
datasets with the code for congenital diaphragmatic hernia (Q79.0) were reviewed. The
ICD-10 code does not distinguish between the side or sizes of CDH. It is impossible to
detect prenatal diagnosis of CDH using this classification.

Relevant additional ICD codes were screened in each individual case, and respective
diagnoses were truncated and grouped together to facilitate analysis. The same was done
for the German procedure classification codes (OPS). A list of relevant codes is provided
in Table 1.

Table 1. Concomitant diagnoses and procedures in 285 CDH patients (total), including 86 CDH fatalities.

ICD Code(s) Description Number among 285 Patients (%) =~ Number among 86 Fatalities (%)
J93 Pneumothorax 13 (4.6%) 3(3.5%)
K56.2 Volvulus 1(0.4%) 0
P07.00-P07.11 Very low birth weight (<1500 g) 14 (4.9%) 10 (11.6%)
Q20-Q24 Congenital heart defects 75 (26.3%) 20 (23.3%)
Q33.6 Congenital malformation of the lung, including hypoplasia 159 (55.8%) 55 (64%)
Q41 Congenital atresia or stenosis of the small intestine 3 (1.1%) 1(1.2%)
Q42 Congenital atresia or stenosis of the large intestine 3(1.1%) 3 (3.5%)
Q60-Q64 Congenital malformations of the urinary system 18 (6.3%) 3(3.5%)
Q76 Congenital malformations of spine and bony thorax 6 (2.1%) 2 (2.3%)
Q79.2 Exomphalos 6 (2.1%) 3 (3.5%)
Q90-Q91 Trisomy 13, 18 and 21 2(0.7%) 2 (2.3%)
OPS-Code(s) Description Number among 285 patients (%) Number among 86 fatalities (%)
8.852 ECMO 67 (23.5%) 28 (32.6%)
5.340.0 & 8.144 Pleural drainage 98 (34.4%) 24 (27.9%)
5.431 & 5.464.21 Gastrostomy and/or jejunostomy 11 (3.9%) 7 (8.1%)

2.3. Data Extraction

The first screening for patients with CDH was performed by the research staff of the
insurance company. All children born between 2009 and 2011 with the diagnosis Q79.0
who were admitted to the hospital at an age less than 28 days were selected. CDH, with a
later presentation, could not be included. Any identifying information (i.e., name, the date
of birth, the place of birth) was erased. No information about prenatal diagnosis, mater-
nal health or the caseload of the perinatal treatment centre was provided. Concomitant
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diagnoses and codes for procedures (OPS), including the sex, year of birth and length of
hospital stay, were documented for each patient. Anonymized data from CDH patients
were sent to our institution for further analysis.
The data included information on survival at 4 time points (30 days, 3 months,
6 months and 12 months). We defined survival as being alive 12 months after discharge.
Of note, information on stillbirths and abortions due to CDH are not available from
routine insurance data.

2.4. Statistical Considerations

We performed statistical analysis using R software for statistical computing, version
4.0.2 (R Foundation for Statistical Computing, Vienna, Austria, http://www.R-project.org/,
accessed on 19 February 2021). We used the prodlim package to analyse the length of
hospital stay. As the length of hospital stay was not censored, the Wilcoxon rank sum test
was used for between-group comparisons. We applied the Wald test on logistic regression
models including 95% confidence intervals to find possible risk factors for death from
birth before the end of the first year after hospital discharge. All tests were two-sided,
considering p < 0.05 to indicate statistical significance. The 95% confidence limits of the
incidence were calculated according to the equation proposed by Bégau [29].

3. Results

A total of 288 cases were initially included, of which 3 had to be excluded due to a major
inconsistency of the data (no mechanical ventilation, release from hospital within the first week
without surgery). The remaining 285 patients were suitable for enrolment and analysis.

The final number of CDH patients (1 = 285) in the screened population of 1,043,029 live
births resulted in an incidence of 2.73 (2.42-3.06) per 10,000 live births (equal to 1:3700 live
births). Overall mortality in this group was 30.2% (86/285), among this 87.2% (75/86) of
fatalities occurring in the first 30 days of life and 72.1% (62/86) occurring before surgery.

A total of 78.2% (223/285) of patients underwent surgical repair. In this subgroup, the
mortality rate was 10.8% (24/223). Only 8/22 patients who were not admitted on their first
day of life to the treatment facility survived. This represented a mortality rate of 63.6% for
this subgroup, which was significantly higher (p < 0.001).

A total of 67/285 patients (23.5%) were treated with ECMO. In this subpopulation,
mortality was 41.8% (28/67, p = 0.019), with a median time to death of 18 days (range
2-143 days) compared to 2 days (range 1-212 days) in the group of non-ECMO patients.
An overview of the mortality for the first 6 months of life for patients with CDH is given
in Figure 1.

The median hospital stay was 7.5 days (range: 1-212 days, 1st quartile: 2 days, 3rd
quartile: 19 days) for patients who died.

CDH patients frequently present with additional diagnoses, some of which are other
malformations (i.e., heart defects) and others of which are a consequence of CDH (i.e.,
PPHN, lung hypoplasia). The number of additional diagnoses of the included cohort is
given in Table 1.

Using these data, binominal logistic regression was used to identify risk factors for
mortality within the first year of life (see Figure 2). These models identified very low birth
weight (VLBW), extracorporeal membrane oxygenation (ECMO), persistent pulmonary
hypertension (PPHN) and additional major malformations as relevant risk factors for
mortality. There was one patient with chromosomal abnormality who died on the second
day of life.

Among the surviving patients, the median total length of hospital stay, including
re-admissions (until 12 months after initial treatment) was 40 days (range: 6-592 days, 1st
quartile: 24 days, 3rd quartile: 73.5 days). This was significantly different between the
ECMO-treated (91 days, range: 40-592, 1st quartile: 73.5 days, 3rd quartile: 119.5 days)
and non-ECMO-treated patients (32.5 days, range: 6-285 days, 1st quartile: 22 days, 3rd
quartile: 50 days; p < 0.001, Figure 3).
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Figure 1. Survival of CDH patients in association with ECMO treatment and non-ECMO treatment
in the first 6 months of life. The plot shows survival only until 6 months, since the vast majority of
events occur in the first weeks, with a significant delay in the ECMO-subgroup.

Odds 95% Cl [}
VLBW 6.414 (1.953 - 21.073) 0.002 L]
Congenital heart defect 0.793 (0.440 - 1.430) 0.441 -
Other major malformations * 3.206 (1.153 - 8.913) 0.026 -
Malformations of the urinary system 0.443 (0.125 - 1.573) 0.208 =
Hypoplasia of the lung 1.621 (0.963 - 2.728) 0.069 L]
Pneumothorax 0.683 (0.183 - 2.546) 0.570 -
PPHN 1.945 (1.160 - 3.260) 0.012 -
Pleural drainage 0.654 (0.377 - 1.136) 0.131 L
ECMO 1.981 (1.119 - 3.505) 0.019 L

0.1 0.5 1.0 2.0 10.0

Figure 2. Risk factors for mortality in CDH patients (n = 285). * atresia of the small intestine (3 cases),
atresia of the large intestine (3 cases), omphalocele (6 cases), and malformations of the spine (6 cases).
PPHN: persistent pulmonary hypertension of the newborn, VLBW: very low birth weight, <1500 g.
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Figure 3. Total length of hospital stay, including re-admissions, of CDH-patients. Data are shown
separately for the ECMO-treated and non-ECMO-treated patients (p value < 0.001).

4. Discussion

The birth prevalence of diaphragmatic hernia in the analysed population over five
years was 2.73 per 10,000, which is in the upper range of previous European reports (2.3 (2.2
to 2.4) [1], 2.81 (2.65-2.97) [2] 2.79 (2.12-3.61) [30], per 10,000 births), since stillbirths and
abortions are not included in our study. Looking at the reported incidence in our study, the
use of routine data from the AOK seems to provide reliable numbers and substitutes for a
national registry, which is clearly needed in some aspects. Currently, the setup of a national
registry for several congenital anomalies including CDH has been finished and is under
accreditation [31]. Established postnatal risk factors for worse outcome in CDH are low
birth weight, low APGAR score, hypothermia, hypotension, pulmonary hypertension [32],
low pO2, high pCO2 [33,34], and air leaks during treatment [35-37].

Our study confirmed very low birth weight, pulmonary hypertension and ECMO as
factors associated with an unfavourable outcome (Figure 2). This has been clearly shown
in the previous literature [32,34,35].

Two of the aforementioned risk factors, congenital heart disease and air leaks, were
not significant predictors of mortality in our study (see Figure 2). We do not assume that
congenital heart disease and air leaks are not relevant, but we would suspect that the spe-
cific coding may be insufficient. The provided information about heart disease summarizes
the codes Q20-Q24 without discriminating between minor (i.e., ASD) and major defects
(i.e., TGA). Furthermore, the provided codes for air leaks do not distinguish between
a relevant preoperative pneumothorax and the common postoperative pneumothorax.
Additionally, since routine data from health insurance do not include medical charts, we
are not able to finally assess the influence of congenital heart disease and air leaks on the
prognosis. This is a clear limitation of routine data acquisition.

The overall mortality of CDH patients in our observed population was 30.2%. In the
literature, rates between 28% [32] and 62% [38] have been published for populations in
developed countries [33,35,37,39-41]. In recent studies, lower mortality rates were reported
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in the UK and Ireland (16% until day 30 after surgery, 25% until one year of life) [42,43].
Mortality rate in a European multi-centre study of four high-volume centres (Mannheim,
London, Rome and Rotterdam) was comparable (28.1%, until one year after discharge) [23]
and the same was reported from large studies from the United States: 27% and 29% until
discharge [44,45]; 28.8% and 32.5% until one year of life) [46,47].

Our CDH study reports a mortality rate of 9.8% in patients receiving surgical repair.
Some further studies, which included also patients after surgical repair reported much
lower mortality rates, ranging from 0% [21,48] and 5.1% [49] to 10.6% [50]. These low
mortality rates were presumably found in these studies because open versus minimal-
invasive surgical methods were compared in a pre-selected patient group. Furthermore,
these data were provided from high-volume centres [21,48,49].

The largest ECMO centre for CDH patients in Germany has reported a mortality rate
of 21.9% in their ECMO subgroup [23]. We found an overall higher mortality rate in our
ECMO population. This effect might be related to poorer outcomes of these patients in other
centres, may be due to other inclusion criteria for ECMO or different local treatment exper-
tise. Groups with other associated malformations were also related to a higher mortality.
However, due to the small numbers included, this might be a statistical effect only.

The use of ECMO in our cohort was 23.5%, which is higher than reported rates from
unselected cohorts in other European countries: UK: 5% [42], France: 6% [41] but similar to
reports from United States: 20% and 25% [17,35]. In the UK, there are five perinatal centres
offering ECMO therapy for neonates and it is speculated, that the threshold to use this
salvage therapy is here higher [51,52], may be in the British tradition to focus on evidence
based and cost effective therapies [42].

Our analysis showed that patients who were admitted after their first day of life to
a hospital with specialized care had a mortality that was as high as 64%. This subgroup
might contain high-risk patients who were transferred postnatally to an ECMO centre or
who were prenatally undetected CDH patients with a history of perinatal complications.

The median treatment duration until discharge according to recent publications is
31 days (excluding ECMO patients) [17], 32 days [45], 38 days [25], 39 days [41], and
39 days [53]. Re-hospitalizations are an additional burden [53,54] and reflect long-term
morbidity [55]. Our study includes re-admissions after the first release from the hospital,
which explains the longer treatment time in our study (40 days) and gives additional
insights into the treatment course of CDH patients.

The difference in the median length of stay between ECMO-treated and non-ECMO-
treated patients (Figure 3) seems to be trivial since only high-risk patients with severe lung
hypoplasia are in need of extracorporeal membrane oxygenation.

Limitations

The utilization of routine data from health insurances has the limitation, that over- or
under-coding influences the data quality.

5. Conclusions

This is the largest cohort study of CDH patients from Germany covering an unselected
patient group using data from statutory health insurance claims. Mortality of these CDH
patients is comparable to that in previously published international data. The subgroup
of patients who underwent ECMO showed a significantly higher mortality and longer
hospital stay. However, a more specific analysis of risk factors would be dependent on
more accurate and detailed coding, which underlines the need for a national CDH registry.
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