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Abstract

Purpose The optimal surgical approach for neonatal con-
genital diaphragmatic hernia (CDH) remains unclear. We
conducted a systematic review and meta-analysis of the
effectiveness of endoscopic surgery (ES) for neonatal CDH.
Methods A systematic literature search was conducted
using MEDLINE and the Cochrane Library. Studies that
compared surgical approaches for necnatal CDH were
selected. Mortality and recurrence of herniation were
analyzed as primary endpoints. Each study was evaluated
following the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system.

Results Eight observational studies comparing ES and
open surgery (OS) met the criteria. As compared with the
OS group, the ES group showed both a significantly lower
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mortality rate [risk ratio (RR) 0.18, 95 % confidence
interval (CI) 0.09-0.38, p < 0.0001] and a significantly
higher recurrence rate (RR 3.10, 95 % CI 1.95-4.88,
p < 0.00001). However, serious selection bias was seen in
seven of the eight studies—because the indication of ES
had been determined intentionally, the ES groups may have
included less severe cases.

Conclusion Although the evidence was insufficient, ES
was clearly associated with more recurrence than was OS.
Therefore, ES should not be the routine treatment for every
neonate. It is crucially important to select suitable cases for
ES.
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procedures - Conversion to open surgery, reoperation,
meta-analysis

Introduction

Congenital diaphragmatic hernia (CDH) is a malforma-
tion characterized by a defect of the posterolateral dia-
phragm, intrathoracic herniation of abdominal viscera,
and varying degrees of pulmonary hypoplasia and pul-
monary hypertension [1]. Although survival in cases of
CDH has improved during the past decades, the treat-
ment of severe cases remains challenging, and a con-
siderable number of survivors experience long-term
morbidity [2, 3].

The initial treatment for CDH comprises surgical repair
of the diaphragmatic defect and perioperative intensive
care. Surgeries are commonly planned after stabilization
of the patient’s general condition. Traditionally, open
surgery (OS) has been performed, mostly via laparotomy.
However, endoscopic surgery (ES) (including laparo-
scopic and thoracoscopic surgeries) has become increas-
ingly common since the mid-1990s. ES is recognized to
be useful for late childhood CDH [4]. However, late
childhood CDH appears to differ from neonatal CDH in
several respects, especially in cases with early onset or
prenatal diagnosis. In addition to their small body sizes,
neonates with CDH often have unstable respiratory and
circulatory dynamics. Therefore, the application of tho-
racoscopic surgery to neonatal CDH should be considered
carefully.

In order to integrate the evidence from recent studies,
we conducted a systematic review and meta-analysis of the
effectiveness of ES for neonatal CDH.

Materials and methods
Electronic data sources and search planning

Systematic searches of English-language articles were
conducted by using MEDLINE and the Cochrane Library,
including all records dated from their first entries to March
2015. When searching MEDLINE, we used the term
“congenital diaphragmatic hernia,” as well as terms related

to surgical methods, including “laparotomy,” “transab-
domi*,” “abdomi*,” “thoracotomy,” ‘“transthoracic*,”
“open,” “laparoscop*,” “thoracoscop*,” “minimally

invasive,” and “minimal access.” The term “congenital
diaphragmatic hernia” was used when searching the
Cochrane Library. The articles were screened according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow chart (Fig. 1).

@ Springer

Selection criteria for included trials

To be included in this meta-analysis, each study had to
fulfill the following criteria: (1) the article type was not a
review, case report, or letter; (2) all candidates were neo-
nates; and (3) ES and OS were compared. ES included
laparoscopic and thoracoscopic surgery, while OS included
open abdominal surgery and open chest surgery. There
were no exclusions based on patient numbers or duration of
follow-up.

Data abstraction from included trials

Two individual authors extracted data from each selected
study. The following items were collected: (1) authors’
names and year of publication, (2) title of the published
study, (3) journal in which the study was published, (4)
country and year of the study, (5) whether the study was
single-center or multicenter, (6) whether the study had a
prospective or retrospective design, (7) testing sample size,
(8) patient age, (9) whether consecutive patients were
included, (10) surgical approaches in both arms of the trial,
(11) method of assigning patients to the two groups, (12)
number of patients receiving each surgical approach, (13)
number of patients who failed the allocated treatment
(conversion to OS), (14) postoperative follow-up period,
(15) number of postoperative deaths, and (16) number of
patients who developed recurrence. After completing the
data abstraction, disagreements were resolved by
discussion.

Statistical analysis

Risk ratios (RRs) and 95 % confidential intervals (Cls)
were determined using RevMan 5.3 software, which is
provided by the Cochrane Collaboration (http://tech.
cochrane.org/reviman/download; Oxford, England). The
random-effects model was used to estimate the combined
outcomes [5]. Heterogeneity was assessed using the XZ test,
and was quantified using /2. F* less than 30 % was con-
sidered to reflect low heterogeneity [6]. Forest plots were
used to display results graphically. The square around the
estimate indicates the accuracy of the estimation (sample
size), and the horizontal line represents the 95 % CI. When
a statistically significant difference was observed between
the groups, the number needed to cause harm (NNH) was
calculated.

Assessing quality of evidence
The quality of evidence for each outcome was evaluated

based on the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system [7]. In the
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart

GRADE system, the quality of evidence is rated as high
(further research is very unlikely to change our confidence

in the estimate of effect), moderate (further research is

likely to have an important impact on our confidence in the
estimate of effect and may change the estimate), low
(further research is very likely to have an important impact
on our confidence in the estimate of effect and is likely to
change the estimate), or very low (any estimate of effect is
very uncertain). The analyses were performed using
GRADEpro software version 3.6 (htipi//tech.cochrane.org/
revman/gradepro), as also provided by the Cochrane
Collaboration.

Qutcomes

Mortality and recurrence of herniation were analyzed as
primary endpoints. The ES group included the patients who
initially underwent ES and were later converted to OS.
Results

Study selection

Of 264 search results, 226 studies were excluded based on
titles and abstracts. After screening the remaining 38

studies based on their full texts, 14 studies were included in
the qualitative synthesis [8-21]. Furthermore, eight obser-
vational studies [14~21] published between 2009 and 2013
were included in the quantitative synthesis (Fig. 1). There
were seven single-center studies [14—18, 24, 21] and one
study that used the database of the Congenital Diaphrag-
matic Hernia Study Group (CDHSG) from January 1995 to
January 2010 [19].

Description of included studies

There were five systematic reviews [8-12], including the
Interventional Procedure Guidance by the National Insti-
tute for Health and Clinical Excellence [9]. Of these sys-
tematic reviews, four included both neonates and infants/
childhood cases [9-17], while only one systematic review
was specific to neonates [£]. However, this neonate-specific
systematic review included only three studies; the five
newly reported studies were not included. Although there
was one randomized controlled trial (RCT) [13], the
investigated outcome was intraoperative condition, rather
than prognosis. Therefore, we excluded the RCT from the
quantitative synthesis.

The eight observational studies were included in a
quantitative synthesis [14-21]. The eight studies included a
total of 4698 patients, of whom 288 belonged to ES groups
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and 4410 belonged to OS groups. In seven of the studies,
ES only included thoracoscopic surgery [14—18, 20, 21]. In
the other study, the ES group included 151 cases, of which
125 (82.8 %) were treated by a thoracoscopic approach and
the remainder were treated by a laparoscopic approach
[19]. The characteristics of the included studies are pre-
sented in Table 1. All of the surgeries were performed
during the neonatal period. The overall rates of patch usage
were 34.0 % in the ES group and 51.5 % in the OS group.
The median rate of conversion in each facility was 25.1 %
(3.440.0 %), and the overall rate of conversion was
10.7 %. Reasons for conversion to OS included technical
problems and unstable cardiorespiratory dynamics during
surgery. Across five of the studies, the mean duration of
follow-up varied from 1.2 to 37 months; however, the
duration of follow-up was not described in the remaining
three studies.

Methodological quality of included studies

As assessed on the GRADE scale, the quality of evidence
was very low for all outcomes (Fig. 2). There was very
serious risk of bias due to inappropriate patient selection,
unequal follow-up durations, and the absence of controlling
for confounding. Particularly, selection bias cannot to be
ignored; patients who underwent ES were selected by their
surgeons or according to facility criteria in six of the
studies [16-21]. Therefore, the ES groups potentially
included milder cases, as compared with the OS groups. In
Cho et al.’s study, the ES group was not selected inten-
tionally. Instead, historical controls were used—OSs

Table 1 Characteristics of the included studies

performed in 2001-2004 were compared with ESs per-
formed in 2001-2007. However, the therapeutic strategy
also changed in 2004, and the mortality rates before and
after 2004 were 21.4 and 6.9 %, respectively [14]. Thus,
this difference was regarded as an indication of serious
performance bias. Gourlay et al. used the control (OS)
cases, as matched by congenital heart defects, extracorpo-
real membrane oxygenation (ECMO) use, ventilatory peak
inspiratory pressure, and oxygenation index on the day of
the operation [15].

There was also substantial imprecision because of the
broad confidence intervals in all studies, except for the
database study [19]. Regarding the outcome of recurrence,
strong associations (RR >2.0) were seen in seven studies
[14, 15, 17-21]. Furthermore, plausible forms of con-
founding would be expected to decrease the effect, because
the higher recurrence rate was observed in the ES group,
which is assumed to have included many mild cases.

Mortality

No heterogeneity was observed among the included studies
(*=000, * =132, y=35, p=093; =0 %). The
incidence of overall mortality was higher in the OS group than
in the ES group (RR = 0.18; 95 % CI 0.09-0.38; 7 = 4.48;
p < 0.00001; Fig. 3). The NNH was 6.7 for mortality.

Recurrence

No heterogeneity was observed among the included studies
(* =0.00, > =276, y =7, p=091; > =0 %). The

References Surgery No. Age at operation (days) Patch use (%) Conversion to OS (%) Follow-up (months)
Cho et al. [14] ES 29 ns 52 3 1.2
oS 28 ns 43 - 8.1
Gourlay et al. [15] ES 20 ns 20 5 14.5
oS 18 ns 44 - 37.0
Keijzer et al. [16] ES 23 3.0 35 26 ns
oS 23 4.1 20 - ns
McHoney et al. [17] ES 13 12.5 46 39 15
(O 35 11.7 34 - : 31
Gander et al. [18] ES 26 3 46 35 14
oS 19 4 84 - 14
Tsao et al. [19] ES 151 54 33 ns ns
oS 4239 6.9 52 - ns
Nam et al. [20] ES 16 4.6 25 13 35.6
oS 34 4.3 15 -
Tanaka et al. [21] ES 10 ns 0 40 ns
0S 14 ns

ns - ns

ES endoscopic surgery, OS open surgery, ns not stated
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Fig. 3 Forest plot of mortality rates, comparing endoscopic surgery with open surgery

risk of recurrence was higher in the ES group than in the
OS group (RR =3.10; 95 % CI 1.95-4.94; 7 =4.78;
p < 0.00001; Fig. 4). NNH of recurrence was 10.0.

Discussion

The present systematic review was designed to establish
the optimal surgical approaches for neonatal CDH.
Although some systematic reviews regarding CDH have
been published previously, this is currently the most up-to-
date review that is specific to neonatal CDH. As compared
with the previous report on this subject [§], this review
includes five additional studies. Furthermore, the present
review is the first to rate the quality of evidence according
to the GRADE system, which has been broadly accepted.

In regard to the outcome of death, mortality in the ES
group was significantly lower than that in the OS group.
However, the quality of evidence was “very low,” mainly
as a product of selection bias. As noted previously, ES was
selected intentionally, and it is likely that the ES group
included a larger share of cases that were less severe.
Therefore, the low mortality in the ES group could not be
taken at face value, and it was impossible to draw a
definitive conclusion concerning mortality.

In regard to recurrence, the rate of recurrence was sig-
nificantly higher in the ES group than in the OS group. The
quality of evidence was “very low,” mainly as a product of
the selection bias discussed above. However, unlike the
mortality outcome, the recurrence rate was higher in the ES
group. Since the ES group was expected to include less
severe cases, the effect size may have been decreased by
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Fig. 4 Forest plot of recurrence rates, comparing endoscopic surgery with open surgery

this confounding. Furthermore, the relative risk was high
(RR = 3.10) and the influence was considered to be rela-
tively large.

To estimate the rate of recurrence in an appropriate
manner, the rate of conversion to OS should also be con-
sidered. Among the seven observational studies that clearly
described completion rates, only one study presented the
recurrence rate in the ES group by counting the completed
cases [17]. In the other six studies, the calculation of
recurrence rates in the ES group included cases with con-
version to OS [14-i6, 18-21]. Therefore, the recurrence
rate in the ES group could have been underestimated.

The presumed advantages of ES for CDH are good
cosmetics for the wounds, as well as reduced intra- and
post-operative surgical stresses. Early recovery from sur-
gical stresses often reduces the duration of postoperative
mechanical ventilation and the overall length of stay [15].
Furthermore, the longitudinal incidences of subsequent
scoliosis and chest deformity may also be reduced [18, 22].
On the other hand, ES was clearly associated with a higher
recurrence rate than OS in our study. Additionally, the
RCT that compared surgical approaches for CDH showed
that thoracoscopic repair of CDH is associated with severe
intraoperative hypercapnia and acidosis [13]. This unstable
status during thoracoscopic surgery probably resulted from
CO, insufflation into the thorax [23]. Little information is
available regarding the cost-effectiveness; Gourlay et al.
reported the adjusted total hospital charges of both
approaches did not have significant difference [15].

Considering the advantages and disadvantages that have
been described above, we concluded that ES should not be
the routine treatment for every neonate. The previous
systematic reviews also noted high rates of recurrence, but
their conclusions were controversial. The first systematic
review that was specific to neonatal CDH did not refer to
clear strategies, but instead emphasized the importance of
further studies, including a prospective registry followed
by RCTs. Vijfhuize et al. concluded that ES potentially had
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beneficial effects on postoperative recovery in a selected
population, and that the higher recurrence rate would be
overcome by technical developments [10]. The other two
systematic reviews concluded that the potential morbidity
associated with ES should be carefully considered [9, iZ].
Despite these controversies, the previous reviews agreed
that it is crucially important to select cases that are suitable
for ES. However, the optimal criteria for ES in neonatal
CDH remain unclear. Various criteria have been adopted in
individual studies: no iNO [13, 20, 21], no ECMO [13, 15,
20], low FiO, setting (40-50 %) [13, 14], low airway
pressure (mean airway pressure <13 mmHg [14], maxi-
mum inspiratory pressure <26 cmH,O [15]), no vaso-
pressor [13, 14], infants who do not have very low birth
weights [13], no cardiac malformation {13], pre-ductal
Sa0, >90 % [14], oxygenation index <5 [15], no costal
malformation [20], no respiratory distress after birth [17],
and stable vital signs in the lateral position for 2 h [14] or
10 min [21]. The development of a consensus is a topic for
future discussion.

It is useful to consider the characteristics of CDH
patients with recurrence when thinking about the selection
criteria for ES. In a recent systematic review that included
neonatal and infantile CDH, the recurrence rate was shown
to be higher after ES with patch repair (odds ratio 4.29,
95 % CI 2.13-8.67, p < 0.0001) than after ES with pri-
mary closure (odds ratio 2.05, 95 % CI 0.77-5.45,
p < 0.15) [12]. The authors strongly recommended con-
verting to OS if a patch was required during ES. Vijfhuize
et al. presented a decision algorithm for ES, and excluded
cases with diaphragmatic agenesis and/or liver up, as well
as cases with unstable respiratory and circulatory dynamics
[13]. Although the use of a patch seemed to be a risk factor
for recurrence in ES, patch use is difficult to predict. In
actuality, the rates of patch use among operative cases were
51.0 % in CDHSG [19] and 37.8 % in the Japanese CDH
Study Group [24]. To establish definitive criteria for ES,
further studies are needed.
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In conclusion, evidence for the effectiveness of ES in

CDH neonates remains insufficient. As derived in the
present study, the best available evidence showed that ES
had an unclear effect on mortality in neonatal CDH, and
that the recurrence rate in the ES group was clearly higher
than that in the OS group. Therefore, ES should not be the
routine treatment for every neonate. It is crucially impor-
tant to select suitable cases for ES, but the details of this
selection remain a topic for future discussion.
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loss. Therefore, agreement
term follow—up for CDH survi-

Wstatus and the severity of the morbidity.
GR is also linked to impaired immune functions, inferior
cognitive/academic functioning, and personality develop-
ment disorders.?

GR has been defined using different methodologies, but
the Z-score has frequently been used in recent studies,
because it evaluates children’s growth precisely.3 The rates
of GR in CDH, which was defined as a weight Z-score of
< — 2.0, were 20.8 and 8.2%, respectively,*> at 1 year of age
in recent single-institution studies. Both studies showed
improving trends associated with growth in CDH survivors
during the first year of life, but little was known about growth
thereafter. Cortes et al showed that the incidence rates of GR,
which was defined as a Z-score of < - 2.0, were 68.8% at
1 year and 28.6% at 2 years of age, but the study’s cohort
comprised extremely severe CDH cases who met the criteria
for fetal tracheal occlusion.® Jaillard et al reported that the
incidence of GR, which was defined as a weight that was lower
than the 5th percentile at 2 years of age, was 17.6%, but the
trend over the 2-year course was not assessed.” Kamata et al
found that 21.2, 15.2, and 12.1% of their patients had weights
that were lower than the 25th percentile at 1, 2, and 3 years of

European Journal of Pediatric Surgery

purpose was to assess the growth of patients with CDH durmg
long-term follow-up using the Z-score and Waterlow
classification.

The pathophysiology of GR in CDH remains poorly under-
stood, but it is considered multifactorial and involves catabolic
stress during the neonatal period, gastroesophageal reflux
disease, oral aversion, and an increased caloric requirement
as a consequence of persistent pulmonary morbidity."”® The
severity of CDH itself, a low birth weight, low nutritional
intakes, and pulmonary insufficiency have been reported as
risk factors associated with GR.>'®"" It is important to know
the factors that contribute to GR and to take specific measures
to reduce the numbers of patients with GR; hence, this study’s
second purpose was to identify the risk factors for GR in CDH
survivors, and to discuss available solutions.

Patients and Methods

Patient Selection

A multicenter retrospective observational study was con-
ducted between September 2013 and October 2013 by the
nine high-volume centers that belong to the Japanese
Congenital Diaphragmatic Hernia Study Group and that
declared their intention to participate in the study. This
study was subsequent of a nationwide survey of neonatal
CDH conducted by the Japanese Congenital Diaphragmatic
Hernia Study Group in 2011.'2 Of the 228 patients, who
were born with CDH between January 2006 and
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December 2010 and who underwent operations at the nine
participating institutions, 182 patients (79.8%) survived to
discharge. Of these surviving patients, 174 were included in
the present study. Patients who had chromosome abnor-
malities (n = 5) or very low birth weights (n = 3) were
excluded from the study. The study was performed after it
had received approval from Chiba University’s institutional
ethics committee (no. 509) and from the independent
ethics committees of the eight other participating
institutions.

Data Collection

Body weights and heights, which were measured when the
patients were 1.5, 3, and 6 years of age during follow-up
assessments, were retrieved from the patients’ medical
records. Only the data that were gathered when the patients
were 1.5 years of age were adjusted according to gestational
age. The tlme pomt deﬁned as 1.5 years of age ranged from

of the patients’ GR were
ssification.” Briefly, a

- represents chronic malnutrition. A W/H of
< 80% is defined as the wasting type of GR, which represents
acute malnutrition.

The clinical variables of the GR and non-GR groups were
compared. The following factors were assessed by review-
ing the medical records: sex, gestational age, birth weight,
birth height, whether the baby was small for the gestational
age (SGA), the Apgar scores at 1 minute and 5 minutes,
prenatal diagnoses, whether the patient was inborn or
outborn, the mode of delivery, the side of the hernia, the
use of inhaled nitric oxide, the use of extracorporeal
membrane oxygenation, whether patch repair was under-
taken during the primary operation, a surgical finding of
liver-up, the size of the defect in the diaphragm, which was
categorized as a defect of < 25%, > 25% and < 75%, > 75%
and < 100%, or agenesis, the length of the hospital stay,
weight at discharge, vasodilator administration at dis-
charge, home oxygen treatment (HOT), a history of surgery
for ileus, a history of surgery for gastroesophageal reflux
disease, the recurrence of herniation, and the duration of
follow-up. SGA was defined as a birth weight that was
below the 10th percentile for the gestational age using the

:'_  Growth Assessmeht' and the Risk of Growth Retardatio n

CDH

n’:rerui”etj’a’f‘. L

Japanese gestational age-specific criteria for birth weight
that are based on a nationwide population.’® Variables that
had high levels (> 15%) of missing data were excluded from
this study.

Statistical Analysis

The statistical analyses were performed using the JMP soft-
ware program, version 9.02 (SAS Inc., Cary, North Carolina,
United States). As continuous variables were not normally
distributed, they were described as median values with an
interquartile range 25th to 75th percentiles (IQR). The Wil-
coxon rank-sum test and Fisher exact test were used to
compare values for the univariate analyses. Multiple logistic
regression analyses were conducted successively on the
factors that were statistically significant at p < 0.01 and
had low correlations with other factors (r < 0.7). In the
multivariate analysis, the continuous data were divided
into two groups according to a cutoff value that was calculat-
ed from a receiver operating characteristic curve. p Values
of < 0.05 were considered statistically significant.

Results

Patients’ Demographucs

nosed prenatally. The right-sided hermatlon rate was 8.4%.
The gestational age, birth weight and height were 37.9 (IQR,
37.1-38.7) weeks, 2,745 (IQR, 2,502-2964) g, and 48.4 (IQR,
46.5-49.5) cm, respectively. Of the survivors, 10.4% were
determined to be SGA, and 81.3% of the patients who were
SGA were low-birth-weight infants. Cases with isolated CDH
accounted for 94.6% of the patients. Cases with diaphragmatic
defects of > 75% accounted for 27.0% of the patients.

Growth Assessment
A total of 35 cases (22.7%) were assigned to the GR group. The
rates of GR at 1.5, 3, and 6 years of age were 19.5(26/133),14.4
(16/111), and 13.5% (5/37), respectively. In the non-GR group,
the median values of weight Z-scores at 1.5, 3, and 6 years of
age were —0.58 (IQR, —1.35 to 0.22), —0.69 (IQR, —1.07 to
0.10), and -0.75 (IQR, —1.00 to -045), respectively
«¥ig, 14), and the median values of height Z-scores at 1.5,
3, and 6 years of age were —0.43 (IQR, —0.96 to 0.44), —0.43
(IQR, —1.01 to 0.34), and —0.06 (IQR, —1.00 to 0.15), respec-
tively (= #%g. 3 ). In the GR group, the weight Z-scores at 1.5, 3,
and 6 years of age were —-2.27 (IQR, —2.71 to —1.48), —1.90
(IQR, —2.13 to —1.30), and —-1.88 (IQR, —1.94 to —1.81),
respectively (=Fig. 1€), and the height Z-scores at 1.5, 3,
and 6 years of age were —2.33 (IQR, —-2.71 to —2.12), —2.09
(IQR, —2.63 to —1.63), and —-1.88 (IQR, —2.63 to —1.65),
respectively (= Fig. 1%2). In the GR patients, the weight Z-score
at 3 years of age was significantly higher than that at 1.5 years
of age (p = 0.036).
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Fig. 2 The Waterlow classification of the survivors of congenital
diaphragmatic hernia and growth retardation (GR). As the patients
aged, the numbers of patients with the wasting type of GR decreased
and the stunting type of GR became predominant.
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-scores for weight and height in congenital diaphragmatic hernia survivors without growth retardation (A, B)
he horizontal lines, lengths of the boxes, and whiskers represent the median values of the Z-scores, the
spectively ("p < 0.05). In the patients with growth retardation, the Z-score for weight at 3 years of age was

Risks for Growth Retardation
«Table 1 showed the risk of GR in CDH patients assessed by
univariate analysis. Multiple logistic regression analyses were
conducted successively on the factors that were statistically
significant (p < 0.01), which showed that a birth weight
of < 2,698 g (cutoff value) (odds ratio [OR] = 5.5, 95% confi-
dence interval [CI] = 2.1-16.8, p < 0.001) and HOT (OR
= 5.8, 95%Cl = 1.6-23.8, p = 0.007) were significant risk
factors for GR (=%akie 2). The factor of defect size of the
diaphragm > 75% was excluded from the multivariate analy-
sis because of high correlation with the factor of patch repair
at the primary operation (r = 0.73).

Discussion

This study has demonstrated that a considerable number of
CDH survivors had GR during the long-term follow-up assess-
ments, and the findings were roughly consistent with previ-
ous reports. However, the definition of GR and the timings of
the evaluations were different (= ¥a#iz 3). Almost none of the
data from the 1980s and 1990s can be used for direct
comparisons, because GR was defined as weights that were
lower than the 5th percentile or the 25th percen-
tile.-310.11.17-20 A 7_ccore of < — 2 was used as the defini-
tion of GR in three studies undertaken in the 2000s. Leeuwen
et al reported a GR rate of 20.8% among CDH patients aged
1 year, which is similar to the rate determined in our study.4
The GR rate was high at 68.8% at 1 year of age among
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