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Aim: There is very limited data regarding the impact of centralization of care of patients with congenital
diaphragmatic hernia (CDH). The National Board of Health and Welfare in Sweden decided to centralize
the care of CDH from July 2018.

The aim of this study was to assess the short-term impact of centralization in patient outcomes.
Methods: This was a retrospective observational study including all centers in Sweden managing CDH
before and after centralization. Outcomes for patients born with CDH who were managed from 1st of July
2013 to 30th of June 2018 (before centralization) were compared with patients managed 1st of July 2018
to 30th of June 2023 (after centralization). Fisher’s exact test and non-parametric tests were used to
compare differences between the two time periods and a p < 0.05 was considered statistically significant.
The study was approved by the Swedish Ethical Review Authority (2023-02650-01).
Main results: A total of 243 patients with CDH were managed nationally during the study period, 111
before and 132 after centralization. The rates of prenatal diagnosis, side of the defect, need of patch, or
mortality did not differ significantly between the study periods. The need for ECMO decreased signifi-
cantly after centralization 18 % vs. 7 %, p < 0.01).
Conclusions: After centralization, we observed a decreased rate of need for ECMO support. Although the
time from centralization push through is short, it underscores the importance of an ongoing evaluation,
optimization and strategic planning in order to find, describe and maximize the possible benefits of a
centralization of CDH in our settings.
Type of Study: Retrospective cohort study, nationwide.
Level of Evidence: II.
© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Centralization of care for rare diseases might have significant
implications for the quality, accessibility, and outcomes of treat-
ment. [1]. Concentration of care of complex procedures in
specialized adult centers, increasing hospital or surgeon’s volumes,
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have been shown to have a positive impact on the quality of care in
esophageal and pancreatic adult surgery [2,3]. Centralization does
not only enhance the experience and skill level of medical pro-
fessionals but also enhances research efforts, leading to better
understanding and treatment options for these complex conditions
[4]. However, centralization also raises concerns regarding access to
care, with “failure-to-rescue” patients with complications [1].
Insufficient capacity in specialized hospitals represent an obstacle
to centralization [5]. From a patient perspective, longer travel dis-
tances may be inconvenient, although it seems more important
that centralizationmay offer the best chance to high quality care for
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patients [1,6]. Balancing the advantages and challenges of central-
ization in pediatric surgical care for rare diseases is crucial for
optimizing patient outcomes and healthcare system efficiency.

Although data on centralization of pediatric surgery is insuffi-
cient, it has been shown that centralization of portoenterostomy
procedures for biliary atresia improves outcomes for patients due
to the concentration of expertise and resources [7e9]. Similar ex-
amples in pediatric cardiac surgery, cleft surgery and pediatric
oncology have shown that access to specialized care, multidisci-
plinary teams, and state-of-the-art facilities, lead to better treat-
ment success rates and reduced complications [10e12]. Closely to
surgery is the resources of advanced intensive care, for example
extracorporeal membrane oxygenation (ECMO), where data today
shows that consolidation of this life support to high-volume cen-
ters benefits population served in terms of survival, morbidity,
resource utilization, and costs for society [13e17].

From a health economic perspective, centralization can result in
cost savings and a more efficient allocation of resources [18,19],
reducing overall costs per patient treated, while also promoting
innovation and research in the field [19].

Data is very limited regarding the impact of centralization of
care for congenital diaphragmatic hernia (CDH). In Sweden, the
National Board of Health and Welfare decided in 2017 that the
highly specialized care pediatric surgical conditions, including CDH,
should be centralized to Region Stockholm (Karolinska University
Hospital) and Region Skåne (Skåne University Hospital) from 1st of
July 2018. It is not known how this has affected patient outcomes
and quality of care.

We hypothesized that centralization is beneficial in terms of
improving quality of care, standardization of care practices, and
ultimately patient’s outcomes. By consolidating CDH cases in
specialized centers, healthcare providers can develop best prac-
tices, streamline processes, and continuously improve the quality of
care delivered to patients with CDH. This, in turn, contributes to
better overall healthcare system performance and a more coordi-
nated approach to managing complex medical conditions such as
CDH.

The aim of this study was to assess the short-term impact of
centralization in patient outcomes for CDH patients in Sweden.
2. Methods

This was a retrospective observational study, including all pe-
diatric surgical centers in Sweden managing CDH before and after
centralization. Patients born with Bochdalek CDH in Sweden who
were managed from 1st of July 2013 to 30th of June 2018 (before
centralization, referred as Period 1) were compared with patients
managed 1st of July 2018 to 30th of June 2023 (after centralization,
referred as Period 2). All four departments of pediatric surgery in
Sweden were included (Karolinska University Hospital in Stock-
holm, University Hospital in Lund in Skåne, University Children’s
Hospital in Uppsala, and Queen Silvia Children’s Hospital in
Gothenburg).
2.1. Participants

All patients who underwent management for CDH, with or
without surgical repair, at one of the Swedish tertiary pediatric
surgery centers from 1st of July 2013 to 30th of June 2023 based on
the participating hospital’s registers.

Patient characteristics such as place and date of birth, sex,
gestational age at birth (GA, weeks þ days), birth weight (BW, g),
associatedmalformations or syndromes, side of the defect, prenatal
diagnosis, observed to expected lung to head ratio (O/E LHR, %),
fetoscopic tracheal occlusion (FETO), liver position, stomach posi-
tion, delivery mode, age at intubation, age at surgical repair, size of
the defect according to the Congenital Diaphragmatic Hernia Group
(CDHSG) classification [20], extracorporeal membrane oxygenation
(ECMO), ECMO survival, survival to discharge, 90 days survival,
overall survival, non-repairs and length of hospital stay (LOS, days)
were recorded.

2.2. Birth prevalence

The birth prevalence of CDH in Sweden was calculated for each
calendar year. Two time periods were assessed: (1) 2013e2017 and
(2) 2018e2023, to obtain full year data.

The birth prevalence was defined as the total number of
newborn cases/10 000 live births and assessed at both time pe-
riods. Data for all live births in Sweden, available from Statistics
Sweden [21], are highly updated and were used as denominators in
the analyses.

2.3. Mortality

The mortality rates were calculated based on the number of
deaths divided by the number of liveborn cases within each cal-
endar year and it was also calculated per center. Two time periods
were assessed: 1) 2013e2018, and (2) 2018e2023. Survival to
discharge, 30 days survival, 90 days survival, survival after surgical
repair and ECMO survival (defined as survival after weaning off
ECMO) were calculated.

Using the KaplaneMeier method not only deaths but also age at
death was addressed.

2.4. ECMO criteria

The ECMO criteria, as described in the ELSO guidelines, has been
the same during the study period, namely the inability to maintain
preductal saturations >85 % or postductal saturations >70 %,
increased PaCO2 and respiratory acidosis with pH < 7.15 despite
optimization of ventilator management, peak inspiratory pressure
>28 cm H2O or mean airway pressure >17 cm H2O required to
achieve saturation >85 %, inadequate oxygen delivery with meta-
bolic acidosis as measured by elevated lactate �5 mmol/L and
pH < 7.15, systemic hypotension, resistant to fluid and inotropic
therapy, resulting in urine output <0.5 mL/kg/h for at least 12e24 h
or oxygenation index (OI) � 40 at FiO2 of 1.0 at least 3 h present
[22,23]. The criteria are also the same for in-hospital and referral
patients.

2.5. Statistical analysis

Data are presented as absolute values (n) and percentages (%),
median þ interquartile range (IQR), odds ratios (OR) and 95 %
confident interval (CI). For numerical data, multiple comparisons
between centers were performed with non-parametric test, and for
categorical data, Fisher’s test was performed. Kaplan Meier was
used to explore survival. Logistic regression was used to predict
outcome.

Significance was defined as P < 0.05. Analyses were performed
using R software version 2.38 (http://CRAN.R-project.org/package¼
survival).

2.6. Ethics

The study was approved by the Swedish Ethical Review Au-
thority (2023-02650-01).
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3. Results

A total of 243 patients with CDH were managed at any of the
centers during the study period, 111 before and 132 after centrali-
zation. The birth prevalence did not significantly change during the
study period, 2.05/10 000 before vs 2.04/10 000 after centraliza-
tion. Hospital volumes were not evenly distributed before
centralization, and the rates of ECMO and mortality also differed
(Table 1). Patient’s characteristics are summarized in Table 2. The
rates of prenatal diagnosis, side of the defect, need of patch or
mortality did not differ significantly during the study period
(Table 2). After centralization, all prenatal diagnosed were inborn,
and almost all of them by cesarean section, since it has become
standard of care in both referral centers. Only 3 patients, 1 before
and 2 after centralization were treated with FETO, of which all
survived. The need for ECMO decreased significantly after central-
ization (18.9 % vs 7.6 %, OR 0.35, CI 0.15e0.77, p < 0.01). Risk factors
for ECMO were right sided CDH, prenatal diagnosis, liver up, early
intubation, defect size C and D and need of patch (Table 3). ECMO
was associated with longer LOS and mortality rate (Table 3). Hos-
pital volumes were unevenly distributed also during the second
study period, however overall survival rates, but not survival from
ECMO, were similar (Table 4).

The mortality rates to discharge did not differ significantly be-
tween the study periods (6.3 vs 6.1 %) (Table 2), neither did survival
at 30 or 90 days (Fig. 1). The rates of non-repairs did not differ
between both periods, 3.6 vs 3.8 % (Table 2). Overall ECMO survival
differed between centers, 85.2 % vs 25 % (p ¼ 0.0278).
4. Discussion

Centralization of care for CDH in Sweden has not influenced the
number of newborns with CDH, neither decreased mortality, but a
lower fraction of newborn have needed ECMO support. The
decrease in ECMO usage is likely attributed to several factors,
including the implementation of more standardized care protocols
following centralization, optimization of delivery and perinatal
care, and improved clinical expertise at referral centers. The sub-
specialization of healthcare professionals dedicated to managing
these cases may also have contributed to the lower ECMO rates.
Center 1, serving as the reference center exclusively for ECMO
during period 1, has proportionally reduced the number of patients
requiring ECMO in period 2 by including less severe cases in their
caseload after centralization. However, the proportional decline in
ECMO usage cannot be solely explained by the increased caseload
at Center 1, as there was also a reduction in the total number of
cases requiring ECMO. This reduction is likely influenced by the
factors mentioned above, such as refined and improved clinical
expertise at the larger centers. Nonetheless, we acknowledge the
possibility of additional, unidentified factors contributing to the
observed decrease in ECMO rates.
Table 1
Comparing outcomes between hospitals before centralization.

Hospital: 1 2

n 49 25

LOS (median [IQR]) 28.50 [18.50, 44.75] 22.50 [9.75, 3
Non repairs (%) 2 (4.08) 2 (8.0)
ECMO n (%) 19 (38.7) 2 (8.0)
ECMO survival n (%) 17 (94.4) 1 (50.0)
30 days survival (%) 46 (93.3) 22 (88.0)
Survival to discharge (%) 46 (93.3) 21 (84.0)
Survival after surgical repair (%) 46 (97.8) 21 (91.3)

LOS: Length of hospital stay; IQR: Interquartile range; ECMO: Extracorporeal membrane
The centralization of pediatric surgery in Sweden, overseen by
the National Board of Health and Welfare, is part of a broader trend
in Swedish healthcare to centralize specialized medical services to
improve patient outcomes and optimizing the use of healthcare
resources. This initiative was driven by the recognition of the need
for high-quality, specialized care for complex pediatric cases and
the benefits of concentrating such care in fewer, high-capacity
centers [7e11]. The Sweden's National Board of Health andWelfare
has identified the conditions and hospitals to get centralized
through a process involving planning, stakeholder consultations,
and the establishment of specific criteria for centralization sites,
ensuring that these sites could provide the best possible care for
pediatric surgical patients. Other than CDH, the care of esophageal
atresia, anorectal malformations, Hirschsprung’s disease and
bladder exstrophy were also centralized [24]. There is a continuous
monitoring and feedback by the Sweden's National Board of Health
and Welfare, who regularly evaluates the impact of centralization
with regular monitoring of surgical outcomes and overall system
efficiency.

From a European perspective, the European Reference Network
for Rare Inherited and Congenital Anomalies (ERNICA), plays a
significant role in promoting centralization of specialized health-
care services, including pediatric surgery. ERNICA's mission is to
improve the care for patients with rare and complex conditions by
facilitating collaboration, sharing expertise, and pooling resources
across Europe. ERNICA offers a collaborative network among
specialized centers across Europe, allowing for the exchange of
knowledge and best practices in the treatment of rare and complex
conditions, and development of standardized care protocols and
guidelines to ensure high-quality care regardless of the patient's
location [25].

Other examples of centralization in Europe comes from the
Netherlands, where pediatric oncology, CDH, esophageal atresia
and ano-rectal malformations have also been centralized but to
different centers within the country [26].

In another Nordic country, Finland, the hub-and-spoke model
has been applied, as an effective approach for managing complex
pediatric surgical conditions, optimizing resource utilization, and
ensuring high-quality care. This model involves centralizing
specialized services (the hub) while maintaining local care (the
spokes) to balance accessibility and expertise [27]. However, we
realize that centralization of care across national borders is a
challenge limited by different health services and the regional and
organizational differences that exist between countries and the
National Associations of Pediatric Surgery. On the contrary, for
ECMO in general, the Extracorporeal Life Support Organization
(ELSO, Ann Arbor, MI, USA) recommends the hub-and-spoke model
for extracorporeal life support, i.e. ECMO [13]. This work focused on
respiratory support in adult, however, the same principles likely
account for children. For CDH this model has been used on inter-
national level where Stockholm serves as the hub for Irish newly
born and also for Finland until recently [28]. These children have
3 4 p

18 19

6.75] 30.00 [25.00, 39.50] 12.00 [11.00, 16.00] 0.003
0 0 0.2
0 (0.0) 0 (0.0) 0.001
NA NA 0.027
18 (100) 19 (100) 0.293
18 (100) 19 (100) 0.112
18 (100) 19 (100) 1.000

oxygenation.



Table 2
Comparison between both time periods.

n Before centralization After centralization p-value

111 132

Hospital (%) 1 49 (44.1) 95 (72.0) <0.001
2 25 (22.5) 37 (28.0)
3 18 (16.2) 0 (0.0)
4 19 (17.1) 0 (0.0)

Inborn (%) 81 (73.6) 73 (55.7) 0.005
GA (median [IQR]) 38.00 [37.00, 39.00] 38.00 [37.00, 39.00] 0.977
Assoc anomalies (%) 20 (18.5) 21 (15.9) 0.609
Side (%) Bilateral 1 (0.9) 0 (0.0) 0.340

Left 87 (80.6) 100 (76.3)
Right 20 (18.5) 31 (23.7)

Prenatal_diagnosis (%) 63 (57.8) 71 (54.2) 0.603
Liver_up (%) 31 (36.9) 64 (52.0) 0.034
Age_at_intubation (%) <6 h 82 (73.9) 96 (72.7) 0.978

>6 h 14 (12.6) 17 (12.9)
>24 h 15 (13.5) 19 (14.4)

Age_at_surgery_days (median [IQR]) 4.00 [3.00, 6.00] 4.00 [3.00, 5.00] 0.752
Size (%) A 21 (25.0) 32 (28.1) 0.626

B 35 (41.7) 41 (36.0)
C 23 (27.4) 29 (25.4)
D 5 (6.0) 12 (10.5)

Patch (%) 48 (43.2) 58 (43.9) 1.000
ECMO (%) 21 (18.9) 10 (7.6) 0.011
ECMO survival (%) 18 (85.7) 6 (60.0) 0.17
Non repairs (%) 4 (3.6) 5 (3.7) 1.000
LOS days (median [IQR]) 23.00 [12.00, 38.25] 20.00 [13.00, 34.50] 0.506
PICU days (median [IQR]) 10.00 [4.25, 17.00] 8.00 [6.00, 14.00] 0.516
Death 30 days (%) 6 (5.4) 6 (4.5) 0.775
Survival at discharge (%) 104 (93.7) 124 (93.9) 1.000
Age at death, days (median [IQR]) 2.00 [0.50, 20.00] 5.00 [0.75, 18.50] 0.953

GA: Gestational age; LOS: Length of hospital stay; IQR: Interquartile range; ECMO: Extracorporeal membrane oxygenation; PICU: Pediatric intensive care unit.

Table 3
Possible risk factors for ECMO, and relations to other variables.

n No ECMO ECMO p

212 31

After centralization 122 (57.5) 10 (32.3) 0.011
Inborn (%) 133 (63.3) 21 (67.7) 0.693
GA (median [IQR]) 38.00 [37.00, 39.00] 37.50 [35.00, 38.75] 0.184
Assoc anomalies (%) 40 (19.0) 1 (3.3) 0.036
Side (%) 0.008
Bilateral 0 (0.0) 1 (3.2)
Left 168 (80.8) 19 (61.3)
Right 40 (19.2) 11 (35.5)
Prenatal_diagnosis (%) 112 (53.6) 22 (71.0) 0.082
Liver_up (%) 78 (41.9) 17 (81.0) 0.001
Age_at_intubation (%) <0.001
<6 h 147 (69.3) 31 (100.0)
>6 h 31 (14.6) 0 (0.0)
>24 h 34 (16.0) 0 (0.0)
Age_at_surgery_days (median [IQR]) 4.00 [3.00, 6.00] 4.00 [2.00, 5.00] 0.214
Size (%) <0.001
A 53 (29.6) 0 (0.0)
B 74 (41.3) 2 (10.5)
C 41 (22.9) 11 (57.9)
D 11 (6.1) 6 (31.6)

Patch (%) 79 (37.3) 27 (87.1) <0.001
LOS days (median [IQR]) 21.00 [12.00, 33.50] 41.50 [21.75, 74.00] 0.001
PICU days (median [IQR]) 9.00 [5.00, 14.00] 15.00 [13.00, 23.00] 0.149
Death 3 0 days (%) 7 (3.3) 5 (16.1) 0.010
Death at discharge (%) 8 (3.8) 7 (22.6) 0.001
Age at death days (median [IQR]) 0.50 [0.00, 2.25] 17.00 [8.50, 29.00] 0.026

GA: Gestational age; LOS: Length of hospital stay; IQR: Interquartile range; ECMO: Extracorporeal membrane oxygenation; PICU: Pediatric intensive care unit.
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been cannulated at the referring hospital and then transported on
ECMO to Stockholm or another high-volume unit abroad. To
consolidate ECMO for any age group [17], children [14,16], including
CDH [15], have proven to improve quality and survival but also to
cut costs and improve utilization of total resource [13].
Centralization of pediatric surgery in Sweden, while beneficial
for centralized centers, can have several negative effects on the
education and competencies of hospitals that are not selected as
centralization sites. There is a risk that reduced volume of complex
pediatric surgeries can lead to a decline in surgical expertise and



Table 4
Comparing outcomes between hospitals after centralization.

Hospital: 1 2 p

n 95 37

LOS days(median [IQR]) 25.00 [14.50, 35.75] 15.00 [9.00, 23.00] 0.001
Non repairs (%) 4 (4.2) 1 (2.7) 1
ECMO (%) 8 (8.4) 2 (5.4) 0.725
ECMO survival (%) 6 (75.0) 0 (0) 0.013
30 days survival (%) 91 (95.8) 35 (94.6) 0.673
Survival to discharge (%) 91 (93.7) 35 (94.6) 1.000
Survival after surgical repair (%) 91 (100) 35 (97.2) 1.000

LOS: Length of hospital stay; IQR: Interquartile range; ECMO: Extracorporeal membrane oxygenation.

Fig. 1. Kaplan Meier differences on survival between period 1 (before) and 2 (after
centralization).
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confidence among healthcare providers in non-centralized hospi-
tals. There might also be a risk of brain drain of surgeons, trainees,
and other medical professionals that might migrate to centralized
centers for better opportunities, leaving non-centralized hospitals
with a potential shortage of skilled personnel. Hospitals may also
struggle to recruit trainees and staff, as prospective students and
professionals might prefer institutions with more versatile training
and development programs. From an educational and training
perspective, hospitals that are not centralization sites will see fewer
complex pediatric cases, limiting the opportunities for medical
students, residents, and trainees to gain experience with such
surgeries.

From a patient perspective, centralization might present a
challenge for both patients and their families in coordinating care
with the centralized center, with increased travel burdens, both
financially and logistically, to access the appropriate surgical ser-
vices. More patients need to travel to centralized centers and
planned delivery for prenatally diagnosed will take place at the
referral hospital or for complex procedures after birth. Coordi-
nating care with the centralized center, with increased travel bur-
dens, both financially and logistically, to access the appropriate
surgical services, might also be a challenge. Thus, long-term post-
operative care has to be coordinated with the local hospitals, to
avoid risk of a fragmented care and potential difficulties in conti-
nuity of care.

To mitigate these challenges, we have developed national
guidelines where patient’s perspectives have been addressed [29]
and established collaborative programs between centralized and
non-centralized hospitals to ensure continuous skill development
and knowledge sharing among specialists and trainees and have
developed referral networks to ensure seamless patient transitions
between local hospitals and centralized centers. Also, the offering
of support services, such as patient transportation and accommo-
dation, serves to reduce the burden on families needing to travel for
care. Digital meetings together with the patient's doctor (from the
centralized hospital), the local doctor and the CDH parents during
the yearly follow up meetings, can be an effective and a valuable
component for both patients and health care professionals.

Even though long distance from home might sometimes be
challenging for the family during the period of care, traveling dis-
tance is the factor with least importance for patients in general,
according to a report from the Swedish Agency for Health and Care
Services Analysis [30]. The responding patient representatives
declared quality of care (the medical quality and safety) as a factor
with more importance than travel distance. However, more
research regarding the needs of CDH patients and families’ expe-
riences is needed. Centralization of care for CDH does not seem to
have impacted parents ‘attitudes towards pregnancy continuation.
We report unchanged birth prevalence of CDH before and after
centralization, based on yearly volumes, we can assume that
centralization is not a factor that has affected parents’ decision-
making towards the termination of pregnancy, despite logistical
constraints, which was a concern with centralization. However,
even though we cannot see a decreased in newborn with CDH
during the first 5 years post centralization, in the long term, it is still
to be explore.

From a patient perspective, centralization of care for a rare
disease such as CDH, ought to give better conditions to ensure a
high-quality health care, treatment and follow up on equal terms
for all patients, regardless which part of the country the patient
lives in. Another potential positive effect from a parent’s perspec-
tive is the fact that ECMO has not been needed in same extent,
which might have a positive impact on parents’ stress [31,32]. The
O/E LHR was not consistently recorded by all centers throughout
the study period, even less the O/E total lung volumes, especially
not during Period 1, preventing any comparisons of severity over
time. However, we can infer that the severity of patients born with
CDH in both study periods did not differ, as rates of prenatal
diagnosis, side of the defect, need for a patch, or mortality did not
differ significantly during the study period, serving as a proxy for
severity. Thus, a possible explanation for the reduced need for
ECMO might be an improved stabilization of newborns after birth
by staff with exposure to higher volumes, since ECMO criteria have
not change during the past decade. Standard criteria are used
[22,23], i.e. if a preductal saturation >85 % is not possible on
acceptable ventilator settings (peak inspiratory pressure
<25 cm H2O), increased lactate levels (�5 mmol/L) or inability to
maintain adequate blood pressure in spite of vasoactive and
inotropic drugs. The criteria are basically the same as for in-hospital
patients and for retrievals [28,33]. As in many other tertiary high-
volume centers for CDH, it is not only the surgical exposure but
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especially the multidisciplinary team managing these pregnancies
and newborns with CDH that potentially might have led to the
better outcome in terms of reduced need for ECMO.

Only 3 severe CDH were referred for FETO procedure during the
study period, with striking high survival rates. It is difficult to draw
any meaningful conclusions after only 3 cases, but they were all in
the severe group. One possible explanation could be, as it has been
shown before, that patients undergoing prenatal procedure will
receive a more aggressive postnatal approach [34,35], leading to
better survival rates [36].

Despite similar survival rates between centers after centraliza-
tion, ECMO volumes and ECMO survival differed considerably, 85 vs
25 % (p < 0.028). This implies that, in practice, only one center in
Sweden offers ECMO for CDH and has been acting as a “hub-and-
spoke” for neonatal ECMO, including CDH, for decades [33].

With current standardized management protocols [23,37], and
the exceptional high survival rates reported in both time periods,
achieving significant differences in mortality for this patient group
is difficult. But we also have to acknowledge the relatively high
rates of termination of pregnancy for CDH in Sweden, 30 %, having
an effect in the positive selection of this cohort [38]. Before
centralization, survival rates varied between centers, with 100 % in
centers not offering ECMO and 94 % in the center that acts as a “hub
and spoke” for ECMO in CDH. Interestingly, ECMO survival rates in
center 1 decreased from 94 % to 75 %, despite the overall lower rates
of ECMO need, supporting the hypothesis that only truly severe
CDH were supported with ECMO during period 2, and not those
who just deteriorate in other centers. As shown before, survival
rates for ECMO “in-house” are lower that for those retrieved CDH
patients to an ECMO center [28].

This study presents short-term outcome data, with no long-
term comparisons between centers, as the national structured
follow-up program was established in 2017, making long-term
comparisons impossible. However, one can speculate that less
exposure to ECMO and its possible complications might ultimately
lead to less morbidity, although this is more difficult to measure
and account for.

Some limitations of this study are its retrospective character,
and the lack of some variables registered such as prenatal detailed
information, as well as the relatively short time that has been since
centralization for a rare disease such as CDH. A more in-deep
evaluation on patients' perspectives is warranted and currently
underway.

Overall, this study has shown some beneficial effects of
centralization of care for CDH in terms of less need of ECMO sup-
port. However, this underscores the importance of ongoing evalu-
ation, optimization, and strategic planning in order to find, describe
and maximize the possible benefits of centralization while
addressing any associated challenges.
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