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Abstract: The purpose of this meta-analysis is to compare the relative

merits among laparoscopic-assisted operations and laparotomy oper-

ations for patients with Hirschsprung disease.

PubMed, Web of Science, and Wanfang databases were searched for

the related articles. We analyzed dichotomous variables by estimating

odds ratios (ORs) with their 95% confidence intervals (CIs) and

continuous variables using the weighted mean difference (WMD) with

the 95% CI. The random-effects model (REM) was used to combine the

results. The outcome measures included operating time (OT), estimated

blood loss (EBL), length of hospital stay (LOHS), mean first bowel

movement (MFBM), and number of complications.

Sixteen articles were included in the meta-analysis. These studies

involved a total of 774 patients, 396 of whom underwent laparoscopic-

assisted operations and 378 of whom underwent laparotomy operations.

The EBL (WMD¼�1.48, 95% CI¼�1.82, �1.13), LOHS

(WMD¼�0.67, 95% CI¼�0.86, �0.49), MFBM (WMD¼�0.83,

95% CI¼�1.05, �0.61), and number of complications (OR¼ 0.60,

95% CI¼ 0.40, 0.89) were significantly lower in laparoscopic-assisted

operations than in laparotomy operations. The OT (WMD¼ 0.12, 95%

CI¼�0.05, 0.28) showed no significant differences between laparo-

scopic-assisted operations and laparotomy operations.

Compared with laparotomy operations, laparoscopic-assisted oper-

ations are generally safer and more reliable for patients with Hirsch-

sprung disease.

(Medicine 94(39):e1632)

Abbreviations: 95% CI = 95% confidence interval, EBL =

estimated blood loss, LOHS = length of hospital stay, MFBM =
D, Yuanjun Hu, M Duan, MD,
Zhongtao Gai, PhD

INTRODUCTION

H irschsprung disease, also known as intestinal agangliono-
sis, is a kind of birth defects, which is mainly expressed as

partial or complete intestinal ganglion cells of the intestinal
tract.1 The incidence of the disease occurs about 1 patient per
5000 live births. Furthermore, men are more likely to be
affected by about 3.5 to 7.8 times than women.2 Hirschsprung
disease usually occurs in infancy, although some people
will present with persistent, severe constipation in the later
life.2

Laparotomy operations have some characteristics, such as
a long operating time (OT), more blood loss, more serious
trauma, and high mortality, and so on.3 Laparoscopic-assisted
operations have become the main surgical method for Hirsch-
sprung disease and have been recognized gradually, with its
advantages: small trauma, less bleeding, light intraperitoneal
pollution, and less intestine adhesion.4 The safety and efficacy
of laparoscopic-assisted surgery for Hirschsprung has been the
focus of attention. However, whether laparoscopic-assisted
operations are superior to laparotomy operations remains lack-
ing a synthesized and systematic analysis. Therefore, the pre-
sent meta-analysis compared the relative merits among
laparoscopic-assisted operations and laparotomy operations
for patients with Hirschsprung disease.

METHODS

Literature Search
Two authors independently searched the databases of

PubMed, Web of Science, and Wanfang databases for relevant
articles published before May 2015 using the following search
terms: ‘‘surgery’’ OR ‘‘laparoscopy’’ OR ‘‘laparotomy’’ OR
‘‘laparoscopic-assisted’’ AND ‘‘Hirschsprung disease’’ with
written in English or Chinese. In addition, we reviewed refer-
ences of obtained articles. The ethical approval was not necess-
ary in our study because we did not include any patients. We
only used the data from each individual study.

Inclusion Criteria
The inclusion criteria for this meta-analysis were as fol-

lows: analysis of either a retrospective or prospective study;
comparison of laparoscopic-assisted operations with laparot-
omy operations for treatment of Hirschsprung disease; available
mean and standard deviation (SD) were provided for operation
time, evaluation of the following outcomes, estimated blood
l stay (LOHS), mean first bowel move-
mber of complications (or data available
itten in English or Chinese.
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Exclusion Criteria
The exclusion criteria for this meta-analysis were as

follows: reviews; the above-mentioned outcomes of interest
were not reported; it was impossible to extract the appropriate
data from the published results.

When the same institution reported more than once, the
most recent publication was included. Two investigators care-
fully reviewed all identified studies independently to determine
whether an individual study was eligible for inclusion criteria in
this meta-analysis. Any disagreements were resolved by dis-
cussion between the reviewers.

Data Extraction
The following data were collected from all studies inde-

pendently by 2 investigators: name of the first author, publi-
cation year, study type, country where the study was performed,
the number of cases, mean age, the mean and SD for continuous
variables, the number of patients from each individual study,
and the outcome of interest for dichotomous variables. We will
estimate the mean and SD if the individual study only reported
the median and range or interquartile range.5

Statistical Analysis
Pooled measure was performed on the standardized mean

difference (SMD) with 95% confidence interval (95% CI) for
continuous variables and odds ratios (ORs) with their 95% CIs
for dichotomous variables. Random-effects model (REM) was
used to combine the pooled effect. I2 of Higgins and Thompson
was used to assess heterogeneity among studies, and I2 values of
0%, 25%, 50%, and 75% represent no, low, moderate, and high
heterogeneity.6 Sensitivity analyses were performed by sequen-
tial removal of each study to assess the stability of the results.7

Meta-regression with restricted maximum likelihood estimation
was performed to assess the potentially important covariates
that might exert substantial impact on between-study hetero-
geneity.8 Possible publication bias was assessed by Begg test.9

FIGURE 1. The flow diagram for exclusion/inclusion process.
Subgroup analyses by different surgery technique used in each
article were conducted among laparoscopic-assisted operations
and laparotomy operations for patients with Hirschsprung

2 | www.md-journal.com
disease. STATA version 10.0 (Stata Corporation, College
Station, TX) was used to perform statistical analyses. All
reported probabilities (P) were 2-sided, with P value <0.05
considered representative of statistically significant.

RESULTS

Search Results and Study Characteristics
In total, the electronic database searches identified 338

articles from PubMed and Web of Knowledge, 152 articles from
Wanfang databases. After screening the title or abstract, 449
studies were excluded and 41 were retrieved and evaluated in
detail. Finally, 16 articles10–25 involving a total of 774 patients
were included in this meta-analysis. Figure 1 presented the flow
chart for exclusion/inclusion process. Seven studies come from
China, 3 from Italy, 2 from British, and there was 1 study each
from America, Japan, Netherlands, and New Zealand. All
included studies were retrospective or prospective studies.
Among included articles, 4 articles used Duhamed, 9 used
Soave, and 3 used other surgery technique. The study charac-
teristics and participant features are given in Table 1.10–25

Operative Outcomes of Laparoscopic-Assisted
Operations and Laparotomy Operations

OT
Fourteen studies10–22,25 reported operation time, and pooled

results suggested that no statistically significant differences in OT
for laparoscopic-assisted operations compared with laparotomy
(WMD¼ 0.12, 95% CI¼�0.05, 0.28) (Fig. 2). Laparoscopic-
assisted operations had lower OT compared with laparotomy
(WMD¼�0.49, 95% CI¼�0.80, �0.18) in Duhamed surgery
technique. However, the OT was longer in laparoscopic-assisted
operations than in laparotomy (WMD¼ 0.58, 95% CI¼ 0.33,
0.84) for soave surgery technique. No statistically significant
differences found in other technique (WMD¼ 0.04, 95%
CI¼�0.29, 0.36). The detailed results are shown in Table 2.10–25

Estimated Blood Loss (EBL)
Six studies12,13,17,20,22,25 showed significantly lower EBL

in laparoscopic-assisted operations than in laparotomy
(WMD¼�1.48, 95% CI¼�1.82,�1.13) (Fig. 3). When con-
ducted subgroup analysis by different surgery techniques, sig-
nificantly lower EBL in laparoscopic-assisted operations than in
laparotomy were found both in Soave (WMD¼�1.65, 95%
CI¼�2.09, �1.21) and other surgery technique
(WMD¼�1.19, 95% CI¼�1.75, �0.62) (Table 2).

LOHS
Eleven studies10–12,14–18,21,22,25 reported the LOHS, and

pooled data demonstrated a significantly reduction in the
laparoscopic-assisted operations group compared with laparot-
omy operations group (WMD¼�0.67, 95% CI¼�0.86,
�0.49) (Fig. 4). About different surgery techniques, signifi-
cantly lower LOHS in laparoscopic-assisted operations than in
laparotomy were found in Duhamed (WMD¼�0.44, 95%
CI¼�0.75, �0.13), Soave (WMD¼�0.73, 95% CI¼�0.99,
0.99, �0.48), and other surgery techniques (WMD¼�1.18,
95% CI¼�1.76, �0.59) (Table 2).

Medicine � Volume 94, Number 39, October 2015
MFBM
Seven studies10,11,14,17–20 were conducted to assess

the MFBM, and the association was significant between
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laparoscopic-assisted operations and laparotomy operations
(WMD¼�0.83, 95% CI¼�1.05, �0.61) (Fig. 5).
Statistically significant differences were found in Soave
(WMD¼�1.44, 95% CI¼�1.84, �1.03) and other

FIGURE 2. Comparison of laparoscopic-assisted operations and la
(WMD¼�1.21, 95% CI¼�1.59, �0.82) surgery techniques
when comparing laparoscopic-assisted operations and laparot-
omy. No statistically significant differences were found in

TABLE 2. Pooled ORs With Their 95% CIs or Pooled WMD with
Different Treatments (Laparoscopic-Assisted Operations and La
technique were also conducted

Data N
�

Pooled OR

Operating time Overall 14 0.12 (
Duhamed 3 �0.49(
Soave 8 0.58 (
Other 3 0.04 (

Estimated blood loss Overall 6 �1.48 (
Soave 4 �1.65 (
Other 2 �1.19 (

Length of hospital stay Overall 11 �0.67 (
Duhamed 3 �0.44 (
Soave 6 �0.73 (
Other 2 �1.18 (

Mean first bowel movement Overall 7 �0.83 (
Duhamed 2 �0.03 (
Soave 3 �1.44 (
Other 2 �1.21 (

Number of complicationsy Overall 13 0.60 (
Duhamed 4 0.89 (
Soave 8 0.44 (

CI¼ confidence interval, OR¼ odds ratio, WMD¼weighted mean diffe�
The number of studies included.
yThere is only study conducted by other surgery technique, so we do no

4 | www.md-journal.com
Duhamed technique (WMD¼�0.03, 95% CI¼�0.39, 0.32)
(Table 2).

Number of Complications

otomy operations with respect to operating time.
Thirteen studies1,10–16,18–21,24 reported the number of
complications. Analysis of the pooled results also showed that
the number of complications was significantly lower in

the 95% CI of Hirschsprung Disease for the Comparison of 2
parotomy Operations). The subgroup analyses by surgery

(WMD) (95% CI) I2 (%) Articles Included (Refs.)

�0.05, 0.28) 94.7 10–22,25

(�0.80,-0.18) 76.4 10,14,15

0.33,0.84) 96.3 11–13,16.18,20-22

�0.29,0.36) 91.6 17,19,25

(�1.82,�1.13) 90.5 12,13,17,20,22,25

(�2.09,�1.21) 94.0 12,13,20,22

(�1.75,�0.62) 0 17,25

(�0.86,�0.49) 78.4 10–12,14–18,21,22,25

(�0.75, �0.13) 90.2 10,14,15

(�0.99,�0.48) 63.0 11,12,16,18,21,22

(�1.76,�0.59) 86.0 17,25

�1.05,�0.61) 94.7 10,11,14,17-20

(�0.39,0.32) 94.6 10,14

(�1.84,�1.03) 96.7 11,18,20

(�1.59,�0.82) 60.2 17,19

0.40, 0.89) 0 1,10–16,18–21,24

0.44,1.80) 0 10,14,15,23

0.23,0.83) 10.1 11–13,16,18,20,21,24

rence.

t list it separately.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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laparoscopic-assisted operations group than in laparotomy oper-
ations group (OR¼ 0.60, 95% CI¼ 0.40, 0.89) (Fig. 6). There is
only study conducted in other surgery technique, so the analysis
was separated into Soave and Duhamed subgroup. Soave
surgery technique showed significantly smaller complications
in laparoscopic-assisted operations than in laparotomy
(OR¼ 0.44, 95% CI¼ 0.23, 0.83). However, no statistically
significant difference was found in Duhamed technique
(OR¼ 0.89, 95% CI¼ 0.44, 1.80) (Table 2).

FIGURE 3. Comparison of laparoscopic-assisted operations and la
Meta-Regression and Sensitivity Analyses
Significant heterogeneity existed, mainly in OT, estimated

blood loss, LOHS, and MFBM. Univariate meta-regression with

FIGURE 4. Comparison of laparoscopic laparoscopic-assisted operatio
stay.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
the covariates of publication year, location where the study con-
ducted, and number of participants was performed. However, no
significant findings were found in the above-mentioned analysis. A
sensitivity analysis was conducted to assess the influence of each
study, by sequential omission of each eligible study. The results
showed that the results were not affected by any single study.

Publication Bias
Begg test showed no evidence of significant publication

bias between laparoscopic-assisted operations group and open

otomy operations with respect to estimated blood loss.
operations group for the treatment of Hirschsprung disease,
when compared with the OT, estimated blood loss, LOHS,
MFBM, and number of complications.

ns and laparotomy operations with respect to length of hospital

www.md-journal.com | 5
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DISCUSSION
The main therapy for Hirschsprung disease was the surgi-

cal method and many surgical approaches have been developed.
As we all know, we would like to choose the more safer and
reliable surgical method, with less number of complications,
less estimated blood loss, shorter stay in hospital, short OT, and
so on. To the best of our knowledge, there is no such comparison
before; this is the first comprehensive meta-analysis to compare

FIGURE 5. Comparison of laparoscopic laparoscopic-assisted ope
movement.
laparoscopic-assisted operations and laparotomy operations for
the treatment of Hirschsprung disease. Finding from this meta-
analysis suggested that laparoscopic-assisted surgery is safer

FIGURE 6. Comparison of laparoscopic laparoscopic-assisted oper
complications.

6 | www.md-journal.com
and reliable than laparotomy with respect to complications,
blood loss, hospital stay and MFBM, but is similar with
laparotomy in the aspect of the OT.

Subgroup analyses by different surgery technique showed
that Soave surgery technique has significantly lower EBL,
LOHS, MFBM, and less number of complications in laparo-
scopic-assisted operations than in laparotomy. Although, when
compared with laparotomy, Soave has longer OT by laparo-

ons and laparotomy operations with respect to mean first bowel
scopic-assisted operations. Duhamed surgery technique has
significantly lower OT and LOHS in laparoscopic-assisted
operations than in laparotomy. When compared with

ations and laparotomy operations with respect to number of

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



laparotomy, Duhamed had no significant differences in
MFBM and number of complication by laparoscopic-assisted
operations.

After comparing laparoscopic-assisted operations and lapar-
otomy operations, high heterogeneity was found in the pooled
results. When we conducted subgroup analyses by different
surgery technique, the heterogeneity still existed. The
between-study heterogeneity might arise from publication year,
location where the study conducted, and number of participants.
Thus, we used meta-regression to explore the causes of hetero-
geneity. However, no covariate had a significant impact on
between-study heterogeneity for the above-mentioned covari-
ates. Sensitivity analysis showed that the results were not affected
by any single study. Other genetic and environment variables, as
well as their possible interaction, may be potential contributors to
this high between-study heterogeneity. The results should be
interpreted by taking its limitations into account. First, unpub-
lished relevant literatures were not searched, which may lead to a
potential publication bias, although no significant publication
bias was found. Second, some of the data were estimated
the mean and SD from median and range, which may result
in inaccuracy. Finally, as laparoscopic-assisted experience
increases, the expectation in OT will tend to decrease26; however,
the original data do not support the further analysis.

In summary, this meta-analysis compare laparoscopic-
assisted operations and laparotomy operations with respect to
OT, EBL, LOHS, MFBM, and number of complications. Over-
all, the present study has shown that laparoscopic-assisted
surgery is a feasible and promising method for the treatment
of Hirschsprung disease, when compared with laparotomy.

REFERENCES

1. Amiel J, Sproat-Emison E, Garcia-Barcelo M, et al. Hirschsprung

disease, associated syndromes and genetics: a review. J Med Genet.

2008;45:1–14.

2. Phusantisampan T, Sangkhathat S, Phongdara A, et al. Association

of genetic polymorphisms in the RET-protooncogene and NRG1

with Hirschsprung disease in Thai patients. J Hum Genet. 2012;57:

286–293.

3. Tang ST, Wang GB, Cao GQ, et al. 10 years of experience with

laparoscopic-assisted endorectal Soave pull-through procedure for

Hirschsprung’s disease in China. J Laparoendosc Adv Surg Tech A.

2012;22:280–284.

4. Smith BM, Steiner RB, Lobe TE. Laparoscopic Duhamel pullthrough

procedure for Hirschsprung’s disease in childhood. J Laparoendosc

Surg. 1994;4:273–276.

5. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance

from the median, range, and the size of a sample. BMC Med Res

Methodol. 2005;5:13.

6. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency

in meta-analyses. BMJ. 2003;327:557–560.

7. Cao JL, Yuan P, Abuduwufuer A, et al. Association between the TERT

genetic polymorphism rs2853676 and cancer risk: meta-analysis of

76 108 cases and 134 215 controls. PLoS One. 2015;10:e0128829.

8. Higgins JP, Thompson SG. Controlling the risk of spurious findings

Medicine � Volume 94, Number 39, October 2015
9. Begg CB, Mazumdar M. Operating characteristics of a rank

correlation test for publication bias. Biometrics. 1994;50:1088–1101.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
10. Nah SA, de Coppi P, Kiely EM, et al. Duhamel pull-through for

Hirschsprung disease: a comparison of open and laparoscopic

techniques. J Pediatr Surg. 2012;47:308–312.

11. Mattioli G, Pini Prato A, Giunta C, et al. Outcome of primary

endorectal pull-through for the treatment of classic Hirschsprung

disease. J Laparoendosc Adv Surg Tech A. 2008;18:869–874.

12. Langer JC, Seifert M, Minkes RK. One-stage Soave pull-through for

Hirschsprung’s disease: a comparison of the transanal and open

approaches. J Pediatr Surg. 2000;35:820–822.

13. Kubota A, Kawahara H, Okuyama H, et al. Clinical outcome of

laparoscopically assisted endorectal pull-through in Hirschsprung’s

disease: comparison of abdominal and perineal approaches. J Pediatr

Surg. 2004;39:1835–1837.

14. Giuliani S, Betalli P, Narciso A, et al. Outcome comparison among

laparoscopic Duhamel, laparotomic Duhamel, and transanal endor-

ectal pull-through: a single-center, 18-year experience. J Laparoen-

dosc Adv Surg Tech A. 2011;21:859–863.

15. Ghirardo V, Betalli P, Mognato G, et al. Laparotomic versus

laparoscopic Duhamel pull-through for Hirschsprung disease in

infants and children. J Laparoendosc Adv Surg Tech A.

2007;17:119–123.

16. Craigie RJ, Conway SJ, Cooper L, et al. Primary pull-through for

Hirschsprung’s disease: comparison of open and laparoscopic-

assisted procedures. J Laparoendosc Adv Surg Tech A. 2007;17:

809–812.

17. Hao CS, Zhan JH, Gong JC, et al. Comparison of therapeutic effect

between laparoscopic assisted approach with open approach in

Hirschsprung disease. J Tianjin Med Univ. 2009;15:398–429.

18. Li AJ, Fan J, Sun CW, et al. The clinical observation of the

modified Soave laparoscopic surgery. J Laparosc Surg.

2012;17:128–130.

19. Tang ST, Cao ZQ, Ruan QL, et al. A comparison between

laparoscopic pull-through heart-shape coloproctectomy and open

pull-through surgery in the treatment of Hirschsprung disease. Chin

J Min Inv Surg. 2005;5:699–701.

20. Liu ZY, Zhou XY, Xiao YL. Analysis on the clinicai effect of one-

stage transanal rectosigmoidectomy for Hirschsprung disease in

children. J Clin Res. 2009;26:2051–2056.

21. Huang YL, Zheng S, Xiao XM. A follow-up study on the bowel

function after transanal soave one-stage endorectal pull-through

procedure for Hirschsprung disease. Chin J Pediatr Surg.

2007;28:98–101.

22. Shi CR, Yu SY, Li CG, et al. Evaluation of one-stage transanal

endorectal pull-through for hischsprung disease. Acta Universitatis

Medicinalis Secondae Shanghai. 2002;22:333–340.

23. Travassos DV, Bax NM, Van der Zee DC. Duhamel procedure: a

comparative retrospective study between an open and a laparoscopic

technique. Surg Endosc. 2007;21:2163–2165.

24. Fujiwara N, Kaneyama K, Okazaki T, et al. A comparative study of

laparoscopy-assisted pull-through and open pull-through for Hirsch-

sprung’s disease with special reference to postoperative fecal

continence. J Pediatr Surg. 2007;42:2071–2074.

25. Lin SH. The comparison of two different surgical treatment and

care for Hirschsprung’s disease. J Minimally Invasive Med. 2009;4:

586–588.

Laparoscopic Operations for the Treatment of HD
26. Hoekstra AV, Jairam-Thodla A, Rademaker A, et al. The impact of
from meta-regression. Stat Med. 2004;23:1663–1682.
robotics on practice management of endometrial cancer: transitioning

from traditional surgery. Int J Med Robot. 2009;5:392–397.

www.md-journal.com | 7


	Comparison of Laparoscopic-Assisted Operations and Laparotomy Operations for the Treatment of Hirschsprung™Disease
	INTRODUCTION
	METHODS
	Literature Search
	Inclusion Criteria
	Exclusion Criteria
	Data Extraction
	Statistical Analysis

	RESULTS
	Search Results and Study Characteristics
	Operative Outcomes of Laparoscopic-Assisted Operations and Laparotomy Operations
	OT
	Estimated Blood Loss (EBL)
	LOHS
	MFBM
	Number of Complications

	Meta-Regression and Sensitivity Analyses
	Publication Bias

	DISCUSSION


