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A Systematic Review and Meta-Analysis
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Objective: To compare outcomes of open and endosurgical neonatal con-
genital diaphragmatic hernia (CDH) repairs.
Background: Historically a surgical emergency, neonatal CDH repair is
now deferred pending stabilization of characteristically labile cardiopulmo-
nary physiology. Usually accomplished via laparotomy, surgical repair may
acutely worsen lung function; conversely, by reducing the visceral hernia,
surgery might improve it. Theoretically, endosurgical repair could minimize
deleterious effects of surgery while garnering benefits from decompressing
the CDH lung. As endosurgical repair gains popularity, it is important to
investigate whether or not minimally-invasive neonatal CDH repair has
benefits.
Methods: We searched Medline, Embase, and Cochrane Trials databases for
studies comparing open with endosurgical CDH repair. Non-neonatal series
and reports without comparison groups were excluded. References from
papers and conference proceedings were also hand searched. Meta-analysis
used a fixed effects model and was reported in accordance with PRISMA.
Results: We included 3 studies (1 unpublished; none randomized); all
compared thoracoscopic and open CDH repair and together described 143
patients. All studies had limitations, including use of historical controls.
Demographics, CDH sidedness, APGAR and associated anomaly prevalence
were similar between groups. For endosurgical repair, recurrence was higher
(RR: 3.2 �1.1, 9.3�, P � 0.03) and operative time longer (WMD 50 minutes
�32, 69�, P � 0.00001). Survival and patch usage were not different between
open and endosurgical groups.
Conclusions: Neonatal thoracoscopic CDH repair has greater recurrence
rates and operative times but similar survival and patch usage compared with
open surgery. A prospective registry for all such cases would guide devel-
opment of trials (Stage 2b; IDEAL recommendations).

(Ann Surg 2010;252: 000–000)

The Bochdalek-type of congenital diaphragmatic hernia (CDH) is
a birth defect comprising a posterolateral diaphragmatic defect,

intrathoracic herniation of abdominal viscera, and varying degrees
of pulmonary hypoplasia. Population-based studies have shown the
prevalence of CDH to be between 1 in 2600 and 1 in 3700 live
births.1,2 Despite advances in neonatal intensive care, this condition
retains a mortality rate of almost 50% and survivors have consider-
able long-term morbidity.1,3–5 Much of the acute mortality is a

consequence of pulmonary hypoplasia and persistent pulmonary
hypertension.6,7 Managing lung hypoplasia and its physiological
consequences has therefore become central to clinical CDH re-
search. In prenatal attempts to ameliorate pulmonary hypoplasia,
pediatric surgeons have trialled fetal interventions including correc-
tion of the diaphragmatic defect in utero and fetoscopic endoluminal
tracheal occlusion (FETO).8–10 Postnatally, emergency open CDH
repair was used to try to decompress the hypoplastic lung and
address the characteristic respiratory failure.11 Conversely, concerns
that acute surgery may worsen both pulmonary function and phys-
iological stability led to surgeons delaying surgery in favor of prior
medical stabilization.12 This uncertainty prompted trials to compare
urgent with delayed open surgical repair of CDH. These small and
hence underpowered studies failed to show a difference in survival
between the 2 approaches.13,14 Common practice is now to delay
open CDH repair to allow prior stabilization of labile perinatal
physiology.15 However, it remains possible that there are survival
differences between acute and delayed surgery cohorts.16 Moreover
the advent of minimally-invasive surgery (MIS) raises the possibil-
ity that earlier endosurgical CDH repair may reap some of the
putative gains (decompressing the hypoplastic lung) with less of the
adverse physiological sequelae associated with open surgery.

Traditionally, open surgical CDH repair has been accom-
plished via thoracic or abdominal approaches (Fig. 1A).17 Laparot-
omy has been argued to be advantageous compared with thoracot-
omy for CDH repair: the former allows mobilization of the posterior
rim of the diaphragmatic defect to facilitate closure; laparotomy also
allows easy management of midgut rotational anomalies if re-
quired18; neonatal thoracotomy is associated with later musculoskel-
etal deformity.19 Subcostal laparotomy is now the most commonly
used mode of access (91% of cases in one study).15 However,
studies have yielded conflicting results regarding the physiological
and, in particular, respiratory sequelae of open CDH repair. Major et
al reported that lung volume, pulmonary mechanics, and oxygen-
ation are all improved when early CDH repair is performed in a
lamb model.20 However, Sakai et al found that respiratory compli-
ance was reduced following open surgical repair and when this
reduction was �50%, the outcome was universally fatal.21 Further-
more, open CDH repair via laparotomy may be associated with early
problems such as requirement for prosthetic patch abdominoplasty
and later complications including adhesive bowel obstruction.22,23

Hence while laparotomy for neonatal CDH repair can be seen as a
“gold-standard,” concerns persist over its optimum timing as well as
its acute and late effects.

Minimally invasive surgery (MIS) has been argued to reduce
the trauma and physiological disturbance of surgery.24 It has also
been suggested that MIS can ameliorate postoperative pain, improve
outcomes and enhance cosmesis.25 Silen reported the first minimally
invasive repair of a Bochdalek-type CDH in 1995.26 However, this
was undertaken thoracoscopically in an adolescent patient expected
to be free of the cardinal physiological lability encountered in
newborn CDH. MIS for the newborn infant has evolved over a
period of more than 15 years facilitated by technological improve-
ments in instrumentation and optics as well as better understanding
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of the physiological effects of surgery in the newborn.27 Neonates
undergoing surgery are vulnerable to hypothermia and acidosis:
concerns have been raised that the CO2 insufflation for MIS may
exacerbate both.28 Newborns with CDH have a restricted ability to
excrete CO2 via their hypoplastic lungs and this may render them
particularly vulnerable to acidosis during CO2 insufflation. Similarly
CO2 insufflation into thorax and abdomen raises the intracavity
pressures (and may cool the patient). Anesthetists caring for CDH
newborns may respond to these 2 issues by raising minute volumes
and airway pressures, respectively. Given the catastrophic effects of
barotrauma on the hypoplastic lung, both of these ventilatory re-
sponses to CO2 insufflation may potentially be harmful.29,30 Pedi-
atric surgeons have therefore moved with some trepidation towards
MIS for the repair of neonatal CDH.

In 1998, Rothenberg described his experience with MIS in
infants and this included 2 laparoscopic repairs of Bochdalek-type
CDH.31 Subsequent reports of endosurgical CDH repair in the
newborn have been dominated by thoracoscopic rather than laparo-
scopic approaches (Fig. 1B–D).32–41 Some of these authors ex-
pressed concerns about hypercapnea, acidosis, and frequent conver-
sions to open surgery: they have advocated restricting endosurgical
CDH repair to selected cases.34,35 However, other surgeons have
argued that MIS is applicable to the majority of CDH newborns with
potential for swifter recovery and reduced postoperative pain.39,41

CDH is a common birth defect in neonatology and pediatric
surgical practice. In the context of persistently high morbidity and
mortality, varied pre- and postnatal surgical strategies have been
tried with limited success. To different degrees these strategies have
been evaluated via registry databases, small trials and systematic
review. MIS approaches to neonatal CDH repair are emerging across
the wider pediatric surgical community. We have therefore asked

whether MIS approaches to neonatal CDH repair are associated with
changes in survival, CDH recurrence risk, operative time, and/or
prosthetic patch usage. To address these questions, we have per-
formed a systematic review and meta-analysis of studies that com-
pares survival, CDH recurrence risk, operative time and prosthetic
patch usage between CDH neonates whose repair was approached
by MIS and those where it was undertaken by open surgery.

METHODS
The systematic review and meta-analysis was reported in

accordance with Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.42

Information Sources and Search Technique
MEDLINE (1950 to present), Embase (1980 to present) and

Cochrane Controlled Trials Register databases were searched using the
keywords ‘diaphragmatic hernia AND thoracoscopic,’ ‘diaphragmatic
hernia AND laparoscopic,’ and ‘diaphragmatic hernia AND minimally-
invasive.’ Relevant conference proceedings were also searched for
abstracts of appropriate studies. Finally, citations of relevant full text
reports were hand-searched for any additional studies. Duplicate
studies were excluded at this point. The date of the last electronic
search was 1st October 2009.

Eligibility Criteria and Study Selection
Studies were eligible for inclusion in the review and meta-

analysis if they directly compared open and endosurgical CDH
repair in the newborn infant and included outcome data regarding
survival, CDH recurrence, prosthetic patch use, and operative time.
Studies were excluded if they reported cases that were operated on
outside of the neonatal period or did not provide sufficient demo-

FIGURE 1. (A) Mobilization of the poste-
rior rim of the diaphragmatic defect (held
in forceps) seen from below as part of lap-
arotomy for CDH repair (courtesy of PD
Losty); (B) Laparoscopic patch repair of
infant right-sided CDH (courtesy of EC Je-
sudason); Thoracoscopic view of left-sided
neonatal CDH before (C); and after (D)
repair (courtesy of EC Jesudason).
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graphic or outcome data (despite contacting the authors with an
additional data request). There were no language or publication date
exclusion criteria (beyond those constraints inherent in the databases
themselves). Two independent reviewers reviewed all studies in
abstract form. Exclusions were only made at this point if it was
absolutely clear that the above criteria were met. Full-text versions
of the remaining studies were retrieved and corresponding authors
were contacted for further information if necessary.

Data Collection
Data were extracted from the original study report or obtained

directly from the corresponding author. The following demographic
data was sought for each group: proportion of male sex, proportion
with left-sided CDH, mean birth weight, mean gestational age,
APGAR score at 1 minute, proportion requiring ECMO, and pro-
portion with significant associated anomalies. The average duration
of follow-up for each group was also noted.

The primary outcome measure was survival to discharge from
hospital. The secondary outcome measures were: CDH recurrence
rate, proportion undergoing prosthetic patching, and operative time.
The number of cases in the endosurgical treatment group that
required conversion to an open operation was also recorded.

Data Analysis
An intention to treat analysis was used, with cases converted

to open surgery being retained in the endosurgical group. Demo-
graphic data was compared between open and endosurgical groups
in each study. Categorical data was analyzed with Fisher exact test,
normally distributed data with a Student t test and nonparametric
data with the Mann-Whitney U test. P � 0.05 was regarded as
significant.

Data meta-analysis was carried out using Review Manager
(RevMan) Version 5.0 (The Nordic Cochrane Centre, The Cochrane
Collaboration, 2008). Weighted treatment effect was calculated
using the fixed effects model. Treatment effect sizes were calculated
and presented as relative risk (RR) for dichotomous variables and
weighted mean difference (WMD) for continuous variables; along
with 95% confidence intervals in each case. Statistical heterogeneity
was assessed using a �2 test and the I2 statistic used to assess the
impact of heterogeneity on the meta-analysis.

RESULTS

Study Selection
The electronic search identified a total of 292 studies. Exclu-

sions were made as detailed in the flow chart (Fig. 2). Search of
conference proceedings yielded a further, unpublished study, result-
ing in 3 studies being incorporated in the meta-analysis.39,41,43

Study Characteristics and Risk of Bias
No randomized controlled trials were found. The 3 included

studies compare series of neonatal thoracoscopic and open CDH
repairs performed at the same institutions.39,41,43 All are limited by
their methodology, primarily due to the control (open surgery)
groups being historical; there is therefore significant risk of case
selection and performance bias. Gourlay et al selected a historical
control group of comparable size to match features of those in their
thoracoscopic group: therefore they required that included controls
had no associated congenital cardiac anomaly, no preoperative
ECMO, and were similar to the thoracoscopic group for 2 preoper-
ative ventilatory parameters.41 The studies from Cho et al and
Giacomello et al did not actively match the control (open surgical
repair) group to the thoracoscopic group.39,43 The 3 studies include
a total of 143 patients and data from all of these were included in the
meta-analysis. The decision to exclude other studies was straight-
forward (eg, non-neonatal series, no control group reported, isolated
case reports). Given the small number of eligible studies we have not
performed a funnel plot to screen for publication bias.44

Analysis of Demographic Data
Analyzing the demographic data in each study, there were no

statistically significant differences in proportion of male sex, mean
birth weight, proportion of left sided CDH, or proportion of cases
with significant associated anomalies between open and endosurgi-
cal groups. There were no significant differences in APGAR score at
1 minute or mean gestational age between groups in 2 of the studies,
but this data was not available from Giacomello et al.43 In the study
by Cho et al, there was a higher ECMO requirement in the open
surgery group (8/28 �29%� vs. 2/29 �6.9%� P � 0.04).39 The
duration of follow-up was longer in the open surgery group of all 3
studies.

FIGURE 2. Flow chart demonstrating the pro-
cess of study selection.
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Analysis of Outcome Data
Results from the individual studies for the primary and

secondary outcome measures are included in forest plots (Fig. 3).
Meta-analysis reveals that recurrence was higher (RR: 3.21 �1.11,
9.29�, P � 0.03) and operative time was longer (WMD: 50.38
minutes �31.79, 68.97�, P � 0.00001) in the endosurgical group.
There was no statistically significant difference in survival to
discharge (RR of death: 0.33 �0.10, 1.13�, P � 0.08) or prosthetic
patch usage (RR: 1.01 �0.67, 1.50� P � 0.98). The assessments of
data heterogeneity and its impact on the meta-analysis (�2 test
and I2 statistic, respectively) are included in the forest plots
(Fig. 3).

There were 6 (14.3%) conversions to open surgery in the
endosurgical groups of 2 of the studies.39,43 The rate of conversion
was significantly higher in studies by Giacomello et al versus Cho et
al (5/13 �38%� vs. 1/29 �3.4%� P � 0.0074).39,43 The remaining
study describes one case of thoracoscopic repair requiring conver-
sion to open surgery, but this was not included in the overall
comparative study and the authors only report outcome data on
successful thoracoscopic repairs.41 This issue affects our analysis in
terms of intention to treat, but this effect is reportedly limited to only
the one case.

DISCUSSION
This meta-analysis illustrates that thoracoscopic neonatal

CDH repair is currently associated with higher CDH recurrence risk
and longer operative times compared with open CDH repair. Mor-
tality and rate of prosthetic patch repair following open and thora-
coscopic surgery appears similar. However, these findings need to
be considered in the context of the methodological limitations of the
studies available for inclusion; for each outcome measure, we will
discuss the potential for bias and other confounding factors.

We restricted our study to neonatal CDH repair because it is
in this newborn population that labile cardiopulmonary physiology
predominates and threatens survival; hence it is this group where
choice of surgical approach may have greatest impact on mortality.
Endosurgical CDH repair is a relatively new technique. Failure to
report poorer outcomes from preliminary experiences may adversely
influence our meta-analysis: screening for such publication bias
using funnel plot asymmetry is however inappropriate given the
paucity of eligible studies.44 None of the incorporated studies were
prospective, double-blind randomized controlled trials (RCTs). Lack
of blinding renders the studies’ findings vulnerable to selection bias
(eg, undertaking standard open surgery in perceived high-risk
cases). Use of even recent historical control groups allows the

FIGURE 3. Forest plots comparing the outcome measures: (A) death, (B) CDH recurrence, (C) prosthetic patch usage, and (D)
operative time, for endosurgical and open surgery groups. The plots illustrate the raw data for each study (as 2 � 2 tables for
dichotomous variables and as the mean, standard deviation, and sample size for continuous variables). They give point esti-
mates and confidence intervals for the relative risk (dichotomous variables) and weighted mean difference (continuous vari-
able) both as blocks and lines, and as text. They illustrate the meta-analysis both as a diamond and as text. The total numbers
of participants (including total number of events for dichotomous variables) in the endosurgical and open surgery groups are
shown. Heterogeneity statistics (�2 test and I2 statistic) are presented, percent weights given to each study, and a test for
overall effect provided (along with statistical significance).
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possibility for performance bias (eg, alterations in other features of
CDH management to influence outcomes). Retrospective data col-
lection may also limit the accuracy and availability of data for the
studies included. All eligible studies compare thoracoscopic versus
open CDH repair: we were therefore unable to compare laparoscopic
CDH repair and open surgery in this meta-analysis. Among the 3
studies eligible for analysis, testing revealed minimal heterogeneity
for the outcomes of survival, CDH recurrence and operative time
and modest heterogeneity for prosthetic patch usage.

Survival
This meta-analysis fails to show a significant difference in

survival between endosurgical and open CDH repair. However, the
analyzed studies report small numbers of cases and are therefore
vulnerable to type 2 error (failure to detect a real difference). It may
be claimed that there is a nonsignificant trend toward higher survival
rates in the thoracoscopic group. In contrast, as reviewers we would
emphasize that (1) there is at present no significant difference in
survival between the open and endosurgical groups and (2) vulner-
ability to selection and performance bias undermines claims to the
contrary. For example, surgeons may have favored open surgery for
higher risk, more unstable cases: in the study of Cho et al the open
surgery group had higher ECMO requirement than the thoracoscopic
group. Over the 3 studies, half of all postoperative deaths occurred
in this single selected group.39 Such selection bias would reduce the
apparent mortality of the thoracoscopic approach. Furthermore,
some authors have explicitly sought to select lower risk cases for
endosurgical repair using a variety of potentially favorable criteria
such as ventilatory stability and absence of pulmonary hypertension,
stomach and / or liver herniation.35,40 Future randomized trials of
endosurgical CDH repair will need to resolve how best to stratify
CDH cases according to risk of mortality: this may involve markers
such as APGAR score, liver herniation, oxygen index and / or the
CDH Study Group equation.

CDH Recurrence
Our meta-analysis estimates a 3-fold increased risk of recur-

rent herniation in the group undergoing thoracoscopic CDH repair.
Higher recurrence risk may be an anticipated consequence of the
learning curve: eg, thoracoscopic CDH repair uses skills such as
intracorporeal suturing in the limited working space of the neonatal
hemithorax.45 The thoracoscopic approach may also not allow as
complete mobilization of native diaphragmatic tissue (from the
inferior surface of the posterior rim of the defect) compared with
that achieved via subcostal laparotomy. This technical difference
may therefore mean that thoracoscopically placed sutures and
patches are secured to less substantial tissue. Therefore the observed
difference in recurrence risk between thoracoscopic and open sur-
gical groups has plausible technical explanations. However, there
are reasons our study may even underestimate the recurrence risk.
For example, the duration of follow-up is shorter for the thoraco-
scopic groups than the open groups in all 3 studies. Second,
publication bias may mean series with high recurrence rates remain
unreported. Third, as discussed above, surgeons may have selected
poorer prognosis cases for open surgery; higher-risk cases have been
associated with larger diaphragmatic defects46; if larger defects
increase recurrence risk, selection bias might also be expected to
underestimate the recurrence risk in the thoracoscopic surgery
group. Hence, the increased recurrence risk for thoracoscopic CDH
repair has both plausible surgical explanation and reasonable expec-
tation that this risk is currently underestimated. It remains to be
determined if this excess recurrence risk will reduce as surgeons
progress along the learning curve and become more familiar with the
technical steps involved. At the same time increased adoption of
thoracoscopic CDH repair may see the overall number of endosur-

gical recurrences rise even as surgeons’ individual recurrence rates
fall. Such factors are recognized to complicate decisions on timing
for trials of new techniques such as thoracoscopic CDH repair: if the
new technique is trialled too early it may fail to achieve its potential
and trial recruitment may be limited to unrepresentative early
adopter surgeons and/or centers; however, if trials are undertaken
too late, it may be difficult for participants to maintain equipoise
within the study.47 Statistical methods to monitor surgical perfor-
mance have been devised that may help inform these decisions.48,49

Prosthetic Patch Usage
There was no significant difference in prosthetic patch usage

between open and endosurgical groups. Given the numbers of cases
and number of patches used, this comparison may again be suscep-
tible to type 2 error. Furthermore, if poorer preoperative physiology
is associated both with larger diaphragmatic defects and preferential
selection for open surgery, then selection bias may underestimate the
need for patch placement in the thoracoscopic group.46 As discussed
above, the thoracoscopic approach may permit less complete mobi-
lization of native diaphragmatic tissue (furled inferior to the poste-
rior rim of the defect). Hence, for a given defect size, thoracoscopic
repair may plausibly increase the risk of patch usage compared with
open repair. Therefore, while we have demonstrated no significant
difference in patch usage between groups, selection bias could
obscure a surgically plausible increased risk in the thoracoscopic
group. In contrast to the other outcomes examined, data on patch
usage rates showed some heterogeneity between the included stud-
ies. Furthermore, rates of patch usage can depend on subjective
assessment of need by the operating surgeon. Hence some of the
observed heterogeneity may result from the influence of surgeon
preference on rate of patch usage.

Operative Time
This meta-analysis indicates that thoracoscopic CDH repair

takes longer to perform than open surgery for CDH (with a weighted
mean difference of more than 50 minutes). This finding is consistent
with other comparisons of pediatric MIS versus open surgery.50–52

The clinical significance of increased operative time is unclear:
while survival and recurrence risk appear similar between open and
thoracoscopic groups, increased operative time may be viewed as
undesirable in physiologically labile CDH newborns. Anticipation
of longer endosurgical operations may therefore reinforce selection
bias as surgeons avoid thoracoscopic surgery in CDH cases per-
ceived to be at higher risk. Previous experience with MIS indicates
that operative times (and hence, perhaps, selection bias) are likely to
fall as surgeons’ expertise with endosurgical CDH repair improves.53

Future Considerations
Innovation is a key theme in the history and development of

modern surgery. The proliferation of MIS has challenged the role of
several open surgical techniques.54 However, adoption of, and
evidential support for, MIS alternatives remains highly variable.
Recently published IDEAL guidelines represent a consensus state-
ment that seeks to provide a practical framework for the rigorous
evaluation of surgical innovation.47 IDEAL stages of surgical inno-
vation progress through Idea, Development, Exploration, Assess-
ment to Long-term study. The IDEAL initiative is a welcome and
timely response to concerns about surgical innovation in the context
of the modern patient safety agenda. Endosurgical CDH repair
currently conforms to IDEAL Stage 2b where the new technique has
been adopted by a number of surgeons but experience may still be
limited. At this IDEAL stage it is recommended that data be
captured systematically for every patient having the new procedure.
Examples of resources that might be adapted to collect such data on
thoracoscopic CDH repair range from the US Agency for Healthcare
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Research and Quality (AHRQ) to the British Association of Pedi-
atric Surgeons Congenital Anomalies Surveillance System (BAPS-
CASS).55,56 The CDH Study Group Registry is the leading
disease specific international database (prospectively compiled
over 14 years and including over 4000 cases); it affords important
opportunities for CDH research in general and evaluation of
endosurgical CDH repair in particular.15,57 Hence a prospective
international, multi-institutional research database for endosurgi-
cal CDH repair could ameliorate effects of selection, perfor-
mance and publication biases and facilitate RCT development by
highlighting adverse effects of the novel procedure, providing
data for risk-stratification of CDH cases, improving quality of
parent information and delineating the learning curve for neona-
tal thoracoscopic CDH repair.47

CONCLUSIONS
This meta-analysis of methodologically limited comparative

studies indicates neonatal thoracoscopic CDH repair has increased
recurrence risk and operative time compared with open repair:
although survival and patch usage appear comparable, such similar-
ities may be subject to type 2 error as well as biases. Better quality
evidence is therefore required. Systematic reviews and meta-analy-
ses frequently conclude with calls for more randomized controlled
trials (RCTs). In contrast, we call for prospective, comprehensive,
multi-institutional registry data on neonatal endosurgical CDH re-
pair. IDEAL guidelines emphasize that such registry data enhances
the development and design of subsequent RCTs.47

With its high mortality, management of CDH remains a
challenge: theoretically, MIS correction of CDH could help by
reducing the physiological perturbation of surgery while still alle-
viating any compression of the hypoplastic lung by the visceral
hernia. Via registry data on endosurgical CDH repair and conse-
quent well-designed RCTs, pediatric surgeons should test this im-
portant potential for the benefit of vulnerable CDH newborns.
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