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Abstract

Objectives To compare the safety and efficacy of mini-
mally invasive surgery (MIS) with traditional open surgical
approach for congenital diaphragmatic hernia (CDH).
Methods A literature search was performed using the
PubMed database, Embase, and the Cochrane central reg-
ister of controlled trials using a defined set of criteria. The
outcomes, which include post-operative mortality, inci-
dence of hernia recurrence, rates of patch use and com-
plications, were analyzed.

Results  We investigated nine studies, which included 507
patients. All studies were non-randomized historical con-
trol trials. The MIS group had a significantly lower rate of
post-operative death with a risk ratio of 0.26 [95 % con-
fidence interval (CI) 0.10-0.68; p = 0.006] but a greater
incidence of hernia recurrence with a risk ratio of 3.42
(95 % CI 1.98-5.88; p < 0.00001). Rates of prosthetic
patch use were similar between the two groups. Fewer
cases of surgical complications were found in the MIS
group with a risk ratio of 0.66 (95 % CI 0.47-0.94;
p = 0.02).

Conclusions MIS for CDH repair is associated with lower
post-operative mortality and morbidity compared with
traditional open repair. Although rate of patch use appears
to be comparable, the increased risk of CDH recurrence

< L. Liu
lunxu_liu@aliyun.com

Department of Thoracic Surgery, West China Hospital,
Sichuan University, No 37, Guo Xue Xiang,
610041 Chengdu, People’s Republic of China

Department of Pediatric Surgery, West China Hospital,
Sichuan University, 610041 Chengdu,
People’s Republic of China

should not be ignored. The lack of well-controlled
prospective trials still limits strong evaluations of the two
surgical techniques.
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Introduction

Congenital diaphragmatic hernia (CDH) is a congenital
defect in diaphragm development, which occurs in
approximately 1 in 2500—4000 live births [1]. Surgical
repair via laparotomy or thoracotomy is the traditional
treatment for patients with CDH. Since the first report by
Silen et al. on thoracoscopic CDH repair in an adolescent
in 1995 [2], minimally invasive surgery (MIS) techniques,
both laparoscopic and thoracoscopic, have been considered
as alternative approaches for CDH repair. However, this
new technique has not gained widespread acceptance
among surgeons mainly because of the controversy
involving its safety and efficacy, such as mortality, recur-
rence rate and complication rate.

To compare the safety and efficacy of MIS with tradi-
tional surgical approach for CDH, we performed an
appropriate meta-analysis of the related studies.

Methods

Studies that met all the following criteria were included in
the meta-analysis: (1) the trial was a randomized or non-
randomized clinical trial; (2) the study was designed to
compare surgical outcomes of neonates with CDH between
MIS intervention and open procedures; and (3) data on
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incidence of mortality, recurrence, patch use, and surgical
complication rate were fully or partially reported.

We performed a literature search of the PubMed data-
base (National Library of Medicine, Bethesda, MD, USA)
that covered the period from 1966 to December 2013. The
search conducted for Embase and the Cochrane Central
Register of Controlled Trials was restricted to English-
language literature. We applied the following subject
heading or keywords: “congenital diaphragmatic hernia
(CDH)”, “thoracoscopy”, “endosurgery”, “mortality”,
“recurrence”, “patch”, and “complications”. Two authors
(Zhu and Wu) independently performed an electronic
database search to identify studies that met the eligibility
criteria. Reference lists of relevant textbooks, review arti-
cles, and abstracts of scientific meetings were also included
in the search.

We extracted data from each eligible study, including
general information, post-operative mortality, incidence of
hernia recurrence, rates of patch use, and complications.

Review Manager 5.0, which was created by the
Cochrane Collaboration for meta-analysis (http:/www.
cochrane.org), was used for statistical analysis. Hetero-
geneity among studies was assessed using Cochran’s Q
statistic to determine whether a fixed (p > 0.1) or random
(p < 0.1) effect model should be used. Dichotomous out-
comes were expressed in relative risk (RR) with their 95 %
confidence interval (CI) values. Statistical significance was
assessed using Z test, and the pooled data were considered
to be statistically significant at p < 0.05.

Results

Our (Zhu and Wu) preliminary search revealed 70 relevant
studies, and 61 of them were eventually excluded because
they were merely narrative studies or case reports or did
not evaluate the surgical outcomes that were the focus of
this review. Figure 1 shows details of study identification,
inclusion and exclusion. A total of nine articles were
involved in our meta-analysis.

Characteristics of studies

All nine clinical trials [3—11] compared thoracoscopic or
laparoscopic (only four laparoscopic cases) repair of CHD
with open techniques. All the studies were non-randomized
historical control trials. Table 1 shows the detail informa-
tion of all the trials.

Surgical outcomes

Our meta-analysis revealed a significantly lower rate of
post-operative death in the MIS group than in the open
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Fig. 1 Flow of study identification, inclusion and exclusion

techniques group with an RR of 0.26 (95 % CI 0.10-0.68;
p = 0.006) (Fig. 2). The incidence of hernia recurrence
was greater in the MIS group with an RR of 3.42 (95 % CI
1.98-5.88; p < 0.00001) (Fig. 3). The previous two sets of
pooled data both showed good homogeneity among the
involved trials. Thus, fixed models were applied for anal-
ysis. No significant difference was found for the rates of
prosthetic patch use between the two groups (Fig. 4).
Fewer cases of surgical complications were found for
neonates who underwent thoracoscopic or laparoscopic
procedures with an RR of 0.66 (95 % CI 0.47-0.94;
p = 0.02) (Fig. 5).

Discussion

The use of minimally invasive techniques in pediatric
surgery has been increasing in the last decade [12]. MIS
offers several advantages over open surgery, such as
quicker recovery and improved cosmetic effect. Although
several studies have reported success in thoracoscopic
repair of CDH [2, 13-15], similarities in outcomes of MIS
and standard open operation remains unverified.

Surgical technique

Almost all of the studies we reviewed showed that thora-
coscopy is the most common approach of MIS for CDH [3-
8, 10, 11]. However, some studies used the laparoscopic
approach [9]. Szavay et al. reported that the selection cri-
teria for either thoracoscopic or laparoscopic approach
depend on the anatomical site of the hernia. They found
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Table 1 Characteristics of the nine trials included in the meta-analysis

Trial Study design Patient  Sex Age at Weight Left side  Follow-up Note
number (male/  operation (range) kg (left/total) time
female) (range) day (month)
1. Cho et al. Non- TS: 29 15/14 NR 3.2 21/29 11.2 £ 1.9  Possible bias caused by the
[3] randomized (yg. 28  16/12 31 23/28 81418 simultaneous introduction of a
historical change in critical care and the
control thoracoscopic approach
trials
2. Gourlay Non- TS: 20 NR 55 32 NR 14.5 Possible bias caused by the
et al. [4] randomized (g. 18 38 (2.0-4.5) 37 different time periods when
historical 3.1(1.6-3.8) both groups were treated
control
trials
3.Laoetal. [S] Non- TS: 14 1272 3 (2-150) 3.2 13/14 8.7 The sample size is small
randomized  s: 17 10/7 3 (2-24) 2147 16117 13.9
historical 32
control (2.1-4.0)
trials
4. Keijzer et al. Non- TS: 23 13/10 3 (1-6) 3.1(1.64.1) 21/23 NR Possible bias as the open
[6] randomized 0S: 23 14/9 4 (2-10) 3.3(2.0-5.1) 18/23 treatment cohort contained
historical significantly more patients on
control ECMO treatment compared to
trials the thoracoscopic approach
5. McHoney Non- TS: 13 NR 12.5 4.2 NR 15 Possible selection bias as the
et al. [7] randomized (yg. 35 (2-45) (3.0-8.0) 31 thoracoscopic treatment
historical 117 36 cohort is too small
control (1-75) (2.0-6.0)
trials
6. Gander et al. Non- TS: 26 14/12 3 (2-22) 3.2 23/26 14 Possible bias caused by
[8] randomized (g. 19  §/11 4 (1-10) (1.3-42)  16/19 14 difference in surgeons and the
historical 32 number of allocated cases
control (1.7-3.9)
trials
7. Szavay et al. Non- TS/LS: 11/10 4 (0-1017) 4.3 15721 NR It has bias of data collection.
[9] randomized 17/4 913 35 10/12 The thoracoscopic group has
historical 0oSs: 12 less complicated cases
control
trials
8. Jancelewicz Non- TS: 23 15/8 2 (0-21) 3.1(1.6-4.9) 22/23 43.2 The sample size of the TS group
et al. [10] randomized 0S: NR 4 (0-4152) 3.2(1.2-4.7) NR NR is too small
historical 136
control
trials
9. Nam et al. Non- TS: 16 12/4 4.6 3.0 15/16 35.6 & 24.1 There were more laparotomy
[11] randomized (s: 34 21/13 43 3.0 28/34 than thoracoscopic cases. The
historical laparotomy group included a
control larger number of high risk
trials patients, which may cause

selection bias

TS thoracoscopic surgery, OS open surgery, LS laparoscopic surgery, NR not report

that the laparoscopic approach is more appropriate for the
accessible left-sided ventral hernias (Morgagni’s hernia)
and proved to be better and easier for abdominal cavity
operations [9]. All thoracoscopic repairs were performed
on patients in the lateral decubitus position with the
affected side elevated, utilizing three to four 3 or 5 mm

ports for access to the thoracic cavity. Insufflation with
carbon dioxide was used in most cases, which could also
easily facilitate reduction of herniated viscera. Non-ab-
sorbable interrupted suture is recommended to close the
defect and resection of the hernia sac. Lao et al., Keijzer
et al, and Gander et al. reported that patch repair,
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MIS Open surgery Risk Ratio Risk Ratio

__Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI

Cho SD 2009 2 29 6 28 30.6% 0.32[0.07, 1.46] - &

Gander JW 2011 0 26 1 19 86% 0.25[0.01, 5.75] "

Gourlay DM 2009 0 20 1 18 7.9% 0.30[0.01, 6.97] "

Keijzer R 2010 1 23 5 23 25.1% 0.20[0.03, 1.58] A

Lao OB 2010 0 14 0 17 Not estimable

McHoney M 2010 0 13 3 35 9.8% 0.37[0.02, 6.66] "

Nam SH 2013 0 16 5 34 18.0% 0.19[0.01, 3.19] ol

Total (95% Cl) 141 174 100.0% 0.26 [0.10, 0.68] B

Total events 3 21

Heterogeneity: Chi? = 0.25, df = 5 (P = 1.00); I = 0% ’0.0 3 o‘f 3 ; 1*0 2 00’

Test for overall effect: Z = 2.75 (P = 0.006)

Favours experimental Favours control

Fig. 2 Forest plot comparing the rates of post-operative death between the MIS and open surgery groups with a fixed effects model

MIS Open surgery

Study or Subgrou Events Total Event Total Weight
Cho SD 2009 6 29 2 28 16.3%
Gander JW 2011 6 26 0 19 4.6%
Gourlay DM 2009 1 20 0 18 4.2%
Jancelewicz T 2013 9 23 13 136 30.1%
Keijzer R 2010 4 23 3 23 24.0%
Lao OB 2010 0 14 0 17
McHoney M 2010 2 13 3 35 13.0%
Nam SH 2013 2 16 0 34 2.6%
Szavay PO 2012 5 21 0 12 5.0%
Total (95% ClI) 185 322 100.0%
Total events 35 21

Heterogeneity: Chi? = 3.90, df =7 (P = 0.79); I’ = 0%
Test for overall effect: Z = 4.43 (P < 0.00001)

Fig. 3 Forest plot comparing the rates of recurrence between the MIS and open surgery groups with a fixed effects model

MIS Open surgery

tudy or Subgrou Events Total Event Total Weight
Cho SD 2009 15 29 12 28 16.9%
Gander JW 2011 12 26 16 19 19.0%
Gourlay DM 2009 4 20 8 18  9.3%
Jancelewicz T 2013 5 23 37 136 11.9%
Keijzer R 2010 8 23 20 23 16.3%
Lao OB 2010 3 14 3 17 5.7%
McHoney M 2010 6 13 12 35 13.2%
Nam SH 2013 4 16 5 34 7.7%
Total (95% CI) 164 310 100.0%
Total events 57 113

Heterogeneity: Tau? = 0.15; Chi* = 14.84, df = 7 (P = 0.04); I? = 53%
Test for overall effect: Z = 1.22 (P = 0.22)

Risk Ratio Risk Ratio
M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
2.90 [0.64, 13.16] T
9.63[0.58, 161.19] = >
2.71[0.12, 62.70] B
4.09 [1.98, 8.46] ——
1.33 [0.34, 5.30] N
Not estimable
1.79 [0.34, 9.55] S
10.29 [0.52, 202.78] ’
6.50 [0.39, 108.26] - ’
3.42[1.98, 5.88] <>
0.01 0.1 1 10 100
Favours experimental Favours control
Risk Ratio Risk Ratio
M-H, Random, 95% CI M-H, Random, 95% ClI
1.21[0.69, 2.10] I
0.55 [0.35, 0.87] il
0.45[0.16, 1.24] G
0.80[0.35, 1.82] — =
0.40 [0.22, 0.72) i
1.21[0.29, 5.10] -
1.35[0.64, 2.84] ™
1.70 [0.53, 5.49) N
0.79 [0.53, 1.16] <
0.01 01 1 10 100

Favours experimental Favours control

Fig. 4 Forest plot comparing the rates of patch usage between the MIS and open surgery groups with a random effects model

extracorporeal membrane oxygenation (ECMO) treatment,
and inability to reduce the herniated intrathoracic abdom-
inal organs are considered as the relative contraindications
for thoracoscopic approach [5, 6, 8]. Yang et al. also
reported herniation of the stomach into the thorax as
indicated by nasogastric tube position in the thorax on a
chest film as contraindication for the thoracoscopic repair
of CDH [13]. However, we considered that given the
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eventual increase in experience with the thoracoscopic
approach over time, indications for the thoracoscopic
approach should be broadened. According to our result,
which showed no significant difference for the rates of
prosthetic patch use between the two groups, patch repair
could be accomplished by thoracoscopic approach. In some
institutions, prior need for ECMO support, mild persistent
pulmonary hypertension, prematurity, low birth weight,
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MisS Open surgery
Cho SD 2009 16 29 20 28 44.1%
Gourlay DM 2009 4 20 5 18 11.4%
Keijzer R 2010 7 23 12 23  26.0%
Lao OB 2010 2 14 4 17 7.8%
Nam SH 2013 0 16 6 34 9.2%
Szavay PO 2012 1 21 0 12 1.4%
Total (95% CI) 123 132 100.0%

Total events 30 47
Heterogeneity: Chi? = 2.09, df = 5 (P = 0.84); I = 0%
Test for overall effect: Z = 2.32 (P = 0.02)

Risk Ratio Risk Ratio
o H 0, 4 H 0,
0.77 [0.52, 1.16]
0.72[0.23, 2.27) -
0.58 [0.28, 1.21] —&
0.61[0.13, 2.84] —
0.16[0.01, 2.65) * .
1.77 [0.08, 40.40)
0.66 [0.47, 0.94] L 2
b } t i
0.01 0.1 1 10 100

Favours experimental Favours control

Fig. 5 Forest plot comparing the rates of surgical complications between the MIS and open surgery groups with a fixed effects model

and even diaphragmatic agenesis are not considered as
contraindications [3]. Currently, the standard care applied
is to close large defects using prosthetic patch [16].
Although six of the nine trials revealed longer operative
time for the MIS group than the open surgical group, we
considered that duration is not related with intraoperative
differences in blood loss, transfusion, or patch use. Dura-
tion of the operation is reflective of the learning curve on
new endoscopic techniques. In most of the articles we
reviewed, the operative times gradually decrease with
increased experience and refinements in the technique,
which had been described by Cho et al. [3].

Rate of prosthetic patch use varied among the trials
involved in this analysis for both the MIS and open surgical
groups. The meta-analysis revealed no significant differ-
ence between the two groups, and high heterogeneity was
found among the groups. Different surgical habits might
contribute to this disparity. As previously discussed,
learning curves of MIS procedures also affect patient
selection for patch use. The use of prosthetic patches
became controversial because it was associated with a
higher rate of recurrence [3, 9]. Conclusion could only be
drawn if patch use predisposes the patient to a higher rate
of recurrence and when the same criteria are applied for
patients who underwent MIS.

Complication

Theoretically, death and recurrence are both post-operative
complications. Although the last meta-analysis fails to
show a significant difference in survival between endo-
surgical and open CDH repair [17], our result show a
significantly lower rate of post-operative death in the MIS
group than in the open techniques group. But we still agree
with the previous comments, because this result may be
caused by vulnerability to selection and performance bias.
For example, surgeons may have favored open surgery for
higher risk, more unstable cases. Eight of the nine trials
revealed a significantly higher recurrence rate in the MIS

group than in the open surgical group. Our pooled data
showed an overall recurrence of 18.9 % (35 of 185) for
patients who underwent MIS compared with 6.5 % (21 of
322) for patients who underwent open procedures. Our
results were consistent with that of a previous meta-anal-
ysis [17]. Several factors might contribute to this clinical
outcome. As a newly introduced surgical technique,
learning curves could not be avoided during the clinical
practice of surgeons with limited experience. Jancelewicz
et al. reported that for primary thoracoscopic repair, a trend
toward decreased recurrence rate is observed from 50 %
prior to the year 2008 to 25 % thereafter [10]. Different
rates of prosthetic patch use influenced surgical outcomes,
including the recurrence rates. However, these explana-
tions are not firmly supported in the patient series. One
author performed a comparative analysis on the potential
factors involved in post-operative recurrence, such as
perinatal conditions, blood gas parameters, and patch use,
but none of the clinical data seemed to be predictive of
recurrence [8].

All the trials included are susceptible to the limitations
of any retrospective review. They all have selection bias,
and the numbers of patients are all small to draw a
definitive conclusion. Therefore, our meta-analysis also has
limitations which are caused by the bias of the included
trials. The data we extracted from different retrospective
trials, for example, the different follow-up time may raise
the possibility of measurement error.

Conclusion

MIS for CDH repair is associated with lower post-operative
mortality and morbidity compared with traditional open
surgery. Although the rate of patch use appears to be
comparable, the increased risk of recurrence of CDH
should not be ignored. The lack of well-controlled
prospective clinical trials might also be a reason for the
inability to find significant predictive factors. High-quality
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prospective clinical trials are needed to evaluate these two
surgical techniques.
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