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Abstract
Background Pancreaticoduodenectomy/PD is a technically demanding pancreatic resection. Options of surgical reconstruction
include (1) the child reconstruction defined as pancreatojejunostomy/PJ followed by hepaticojejunostomy/HJ and the
gastrojejunostomy/GJ Bthe standard/s-Child,^ (2) the s-child reconstruction with an additional Braun enteroenterostomy BBE-
Child,^ or (3) Isolated-Roux-En-Y-pancreaticojejunostomy BIso-Roux-En-Y,^ in which the pancreas anastomosis is reconstruct-
ed in a separate loop after the GJ. Yet, the impact of these reconstruction methods on patients’ outcome has not been sufficiently
compared in a systematic manner.
Methods A systematic review and meta-analysis were conducted according to the Preferred-Reporting-Items-for-Systematic-
review-and-Meta-Analysis/PRISMA-guidelines by screening Pubmed/Medline, Scopus, Cochrane Library andWeb-of-Science.
Articles meeting predefined criteria were extracted and meta-analysis was performed.
Results Nineteen studies were identified comparing BE-Child or Isolated-Roux-En-Y vs. s-Child. Compared to s-Child neither
BE-Child (p = 0.43) nor Iso-Roux-En-Y (p = 0.94) displayed an impact on postoperative mortality, whereas BE-Child showed
less postoperative complications (p = 0.02). BE-Child (p = 0.15) and Iso-Roux-En-Y (p = 0.61) did not affect postoperative
pancreatic fistula/POPF in general, but BE-Child was associated with a decrease of clinically relevant POPF (p = 0.005),
clinically relevant delayed gastric emptying/DGE B/C (p = 0.004), bile leaks (p = 0.01), and hospital stay (p = 0.06). BE-Child
entailed also an increased operation time (p = 0.0002) with no impact on DGE A/B/C, hemorrhage, surgical site infections and
pulmonary complications.
Conclusion BE-Child is associated with a decreased risk for postoperative complications, particularly a decreased risk for
clinically relevant DGE, POPF, and bile leaks, whereas Iso-Roux-En-Y does not seem to affect the clinical course after PD.
Therefore, BE seems to be a valuable surgical method to improve patients’ outcome after PD.

Keywords Braun enteroenterostomy . Braun anastomosis . Child reconstruction . Iso-Roux-En-Y-reconstruction . Pancreas
surgery . Pancreaticoduodenectomy

Introduction

Incidence of postoperative complications after partial
pancreaticoduodenectomy/PD did not alter within the last de-
cades with morbidity rates reaching up to 60%, whereas mor-
tality rates could be successfully dropped down to 3–5% in
specialized high volume centers [1–4]. In this context, delayed
gastric emptying/DGE and postoperative pancreatic fistula/
POPF belong to the most feared complications after PD.
Although DGE also occurs in other upper GI operations such
as partial gastrectomy or esophagectomy with vagotomy
[5–10], it is especially common after PD with an incidence
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of nearly 50% [11–14]. In contrast to other postoperative com-
plications, DGE is not a life-threatening complication, but
patients after pancreatic surgery followed by DGE suffer from
a decreased quality of life and a prolonged hospital stay [2,
15–17]. In contrast to DGE, the incidence of overall POPF is
less common and ranging around 20–30% [18, 19] and 20%
for clinically relevant grade B/C POPF [18, 19]. Importantly,
mortality increases especially in the presence of clinical rele-
vant POPF grades B and C up to 20% [20, 21]. Moreover,
Pratt et al. could demonstrate that an increasing degree of
clinical relevant POPF negatively impacted economic and
healthcare resources [22, 23].

To reduce the risk for postoperative mortality and morbid-
ity, several surgical reconstruction techniques were introduced
including the Child reconstruction. This reconstruction meth-
od is defined as pancreaticojejunostomy/PJ followed by
hepaticojejunostomy/HJ and by gastrojejunostomy/GJ (s-
Child, Fig. 1a) and could be performed with an optional
Braun enteroenterostomy/BE (BE-Child Fig. 1b) [24].
Another reconstruction technique is the Isolated-Roux-En-Y-
reconstruction/Iso-Roux-En-Y, which involves one jejunal
loop for the HJ and GJ and an additional loop for the PJ
(Fig. 1c). Here, Hochwald et al. were the first authors who
described a beneficial effect of an additional BE to reduce
DGE after classical Whipple operations in 2010 [25]. In this
study, DGE defined according to ISGPS (Braun n = 5/7% vs.
no Braun n = 11/31%, P = 0.003) or to the inability to have
oral intake by postoperative day 10 (Braun n = 7/10%, no
Braun n = 9/26%, P < 0.05) was crucially reduced in the pres-
ence of Braun enteroenterostomy. In this study, no impact
could be observed on the occurrence of POPF (Braun n =
12/17% vs. no Braun n = 5/14%, P = 0.79) [25] .
Accordingly, other studies could already identify BE as an
independent, protective factor for DGE in patients even after
pylorus-preserving PD/PPPD (OR 16.489, 95%-CI 1.287–
211.195, p = 0.031) [26].

To assess the impact of reconstruction techniques after PD
and PPPD, several systematic reviews with meta-analysis
have been performed [27, 28]. Here, a potential protective
effect of an additional BE after PD could be shown for DGE
A/B/C (p = 0.0007), DGE grade B (p = 0.02), DGE grade C
(p < 0.00001), morbidity (p = 0.0003), and length of hospital
stay/LOS (p = 0.03) but not for pancreatic fistula in general
[28]. Accordingly, Klaiber et al. could recently show that no
superiority could be proven for double loop reconstructions
including studies with a gast roje junostomy and
pancreaticojejunostomy in a separate jejunal loop against sin-
gle loop reconstructions after PD for mortality (p = 0.75), mor-
bidity (p = 0.84), DGE (0.77), and POPF (p = 0.57) [27].
Although these systematic reviews with meta-analysis were
well conducted and performed, ours is the only meta-
analysis that included a comparison of all three different tech-
niques, whereas previous reports only compared two

reconstructions in total. Moreover, unfortunately, both studies
missed to capture the impact of BE-Child and Iso-Roux-En-Y
against s-Child for clinically relevant DGE grade B/C and
POPF grade B/C. Therefore, we decided to perform an up-
to-date systematic review with meta-analysis including the
recently published RCT of [26, 29, 30] and to include both
reconstruction techniques BE-Child and Iso-Roux-En-Y
against s-Child in one single clinical systematic review.
Therefore, this is the first systematic review with meta-
analysis that included clinically relevant DGE G/C and
POPF B/C defined according to the recommendation of the
ISPGS [31, 32] in separate meta-analysis.

Material and methods

Study design

According to the advice of the Cochrane network, reporting
guideline of The Preferred Reporting Items for Systematic
review and Meta-Analysis (PRISMA) [33] guidelines was
considered for this systematic review with meta-analysis.
The following search terms were chosen to screen databases
in April 2017: Bpancreas,^ Bresection,^ Bpancreatic,^ BBraun
anastomosis,^ BBraun enteroenterostomy,^ BRoux-En-Y,^
Bpancreatic fistula,^ Bpancreatic leakage,^ and Bdelayed gas-
tric emptying.^ To provide an adequate overview of the cur-
rent literature, databases of Pubmed/Medline, Web of Science,
Scopus and The Cochrane Library were chosen for screening
and identification process which is in line with the recommen-
dation for surgical systematic review with meta-analysis by
Goossen et al. [34]. Although no period was defined, the first
study comparing BE-Child vs. s-Child was published in 2010
by Hochwald et al. [25] and 2008 for the comparison of Iso-
Roux-En-Y vs. s-Child [35]. All studies with human pancre-
atic resections comparing the effect of s-Child vs. BE-Child or
vs. Iso-Roux-En-Y were eligible to be included. The entire
systematic review and meta-analysis protocol was registered
at PROSPERO (CRD42017060838).

Inclusion and exclusion criteria

After removing duplicates, three reviewers (SS, IED, and TV)
independently screened the current literature for inclusion in
the database of the systematic review. If inconstancy occurred
during data extraction, studies were presented to two indepen-
dent reviewers (DW, GOC). For study selection, the following
inclusion and exclusion criteria were used:

1. Surgical techniques:

All studies were critically reviewed for the surgical recon-
struction procedure. For this purpose, two reviewers
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independently screened the BMaterial and Method^ part of
each manuscript included in the systematic review. All studies
providing a direc t compar ison of pat ients af ter
pancreaticoduodenectomy followed by s-Child vs. BE-Child
or Iso-Roux-En-Y with an isolated loop for the PJ were eligi-
ble for this systematic review. Three experienced pancreatic
surgeons (GOC, DW, HF) supervised this process and were
consulted for any inconsistencies or questions regarding the
surgical technique in the considered studies.

2. Histology:

There was no limitation regarding the indication for pan-
creatic head resection. All patients with benign or malignant
diseases were included in our systematic review.

3. Study design

Since the primary focus of the study was to concen-
trate on the immediate complications after PD, all stud-
ies were included regardless of their design or length of
follow-up.

4. Language and time restrictions

All studies published in English-language, peer-reviewed
journals until April 2017 were included in the systematic re-
view and meta-analysis.

5. Definition of severity of postoperative pancreatic fistula
(POPF) and delayed gastric emptying/DGE

Fig. 1 The most common used
surgical reconstruction techniques
after PD. Illustrates the different
surgical reconstruction technique
after pancreaticoduodenectomy.
Reconstruction techniques using
one single jejunal loop to connect
the pancreas and biliary
anastomosis with the
gastrojejunostomy/GJ were
defined as s-Child (a). In
accordance, BE-Child was
defined as s-Child with an
additional enteroenterostomy be-
tween the afferent and efferent
loop of the GJ facilitate the
drainage of pancreatic juice and
bile (b). The Isolated-Roux-En-Y-
reconstruction uses a jejunal loop
for the biliary and the gastric
anastomosis and an additional
isolated jejunal loop to drain the
pancreatic juice (c)

Langenbecks Arch Surg (2019) 404:141–157 143



For meta-analysis of POPF grade A/B/C and DGE A/B/C,
no restrictions of studies regarding their definitions of DGE
and POPF were made. In contrast, to guarantee a consistent
definition of the severity of DGE and POPF, only studies with
a DGE grade B/C and POPF grade B/C according to the def-
inition of the International StudyGroup of Pancreatic Surgery/
ISGPS were included in the meta-analysis of clinically rele-
vant DGE and clinically relevant POPF [21, 31, 32]. As no
study was performed before the introduction of the new defi-
nition of clinically relevant POPF of the ISGPS in 2016, the
definition of clinically relevant POPF and DGE of 2005 and
2008 were considered for stratification [31, 32].

6. Selection bias

Only one study per institution was included in this study.
After conducting the database of systematic review, four in-
dependent reviewers (SS, RS, TV, DR) analyzed the full-text
articles for the exact number of patients, mortality rates, post-
operative complications, and perioperative parameters. Meta-
analysis was conducted by two reviewers (SS, IED), and an
overall RR or mean differences were estimated.

Data extraction

Exact amount of patients with postoperative complications or
the exact risk ratio/RR with the corresponding 95%-confi-
dence interval/95%-CI and/or the exact p value were extracted
and pooled in meta-analysis of postoperative complications
including mortality, postoperative complications, DGE;
POPF, bile leaks, hemorrhage, surgical site infections, and
pulmonary infections. Continuous variables including LOH,
operation length or perioperative blood loss were presented as
the mean differences with corresponding standard deviations
to be pooled in the meta-analysis. Accordingly, to control for
relevant patient characteristics (age, gender, body mass index/
BMI), perioperative data (type of anastomosis, pancreas tex-
ture, mean main pancreatic diameter, main pancreatic duct
diameter < 3 mm), and histology, odds ratios/OR and mean
differences were included in the analysis.

Statistical analysis

Statistical analyses were performed with the Review Manager
Software (Review Manager/RevMan, Version 5.3,
Copenhagen, The Nordic Cochrane Centre, The Cochrane
Collaboration, 2012). In this study, heterogeneity was estimat-
ed using the inconsistency statistic (I2) and defined as follows:
If I2 was zero or less than 50%, the absence or a low level of
heterogeneity was assumed. As RCT, prospective studies, and
retrospective studies were included in the meta-analysis, RR
and OR were pooled using the Mantel–Haenszel method for
random effects and expressed as pooled RRs with associated

95%-CI and p value. In cases of continuous variables, the
mean difference was estimated using the inverse variance
model for random effects pooling mean of length of hospital
stay, blood loss and operation time with their corresponding
95%-CI or p value in the different meta-analyses. In addition,
odds ratios/OR of multivariate logistic regression models with
their corresponding 95%-CI or p values were extracted and
pooled in meta-analysis using the generic inverse variance
model for random effects. To compare patient characteristics
between BE-Child vs. s-Child and Iso-Roux-En-Yvs. s-Child,
respectively, the unpaired student’s t test was estimated using
StatsDirect Statistical Software (StatsDirect Ltd., Version
3.0.167). A two-sided p value was calculated of each meta-
analysis, and a level of significance of α = 0.05 was used. As
study design and surgical technique may interfere with study
results, subgroup analyses were introduced depending on the
design of the included study (RCT vs. prospective studies vs.
retrospective studies) and of the surgical procedure (PPPD vs.
PD). Moreover, sensitivity analysis were performed of all pa-
rameters including more than one study.

Quality assessment and risk of publication bias

The methodological quality of each included studies
was assessed by using the Risk Of Bias in Non-
randomized Studies—of Interventions tool (ROBINS-I)
[36]. ROBINS-I provided a detailed framework for as-
sessment and judgment of the risk of bias including
confounding bias, selection bias, or bias occurring due
to different definition or explanation of interventions,
missing data, measurement of outcome, or reporting re-
sults [36]. Afterwards, an overall estimated risk of bias
was estimated of each study. Each domain of ROBINS-I
is determined to have a low, moderate, serious, or crit-
ical risk of bias. It is important to note that the
ROBINS-I score was assigned for each study of the
systematic review regardless of the initial design of
the original study [36]. Quality assessment reflects
how well a specific result is associated to the intent of
the systematic review regardless of the primal objective
of the included study. Consequently, quality assessment
and overall risk of bias refer to this specific systematic
review and not to intended goal of the original study.

Additionally, as a recommendation of the Cochrane
Collaboration, the presence of publication bias was
assessed only in meta-analyses containing more than
10 studies [37]. For this purpose, Funnel plots were
performed using Review Manager Software and the
Egger’s test [38] was performed using StatsDirect
Statistical Software (Version 3.0.167). Publication bias
was excluded, if the Funnel plot showed a symmetrical
distribution of the included studies, which was evaluated
by the p value of the Egger test (p > 0.05).

144 Langenbecks Arch Surg (2019) 404:141–157



Results

Screening and identification process of the systematic
review

After screening the databases for the predefined search terms, a
total of 2908 studies were identified, of which 13 [25, 26, 29, 30,
39–47] and 6 [48–52] studies met the inclusion criteria and were
included in the systematic review comparing the postoperative
outcome of patients with BE-Child or Iso-Roux-En-Y vs. s-
Child (Fig. 2). Two RCTs with a total of 367 participants [48,
49] and 3 retrospective studies with 298 patients [50–52] were
included in the systematic review comparing the outcome of
patients with Iso-Roux-En-Y vs. s-Child. Furthermore, 3 RCTs
with 158 patients [26, 29, 30], 3 prospective studies with 352
patients [25, 39, 40], and 7 retrospective studies [41–47] with
1897 patients were included in the analysis of BE-Child vs. s-
Child. Characteristics of the different studies are summarized in
Table 1. As patient characteristics (sex, gender, BMI), type of
anastomosis of the pancreaticojejunostomy, pancreas texture,
main pancreatic duct diameter, and the extent of surgical proce-
dure as well as the indication for surgery itself may influence the
results of our meta-analysis, the included studies were screened
for differences of these parameters (Table 2). Here, no relevant
differences (p > 0.05) could be observed in the comparison

between patients with BE-Child vs. s-Child and Iso-Roux-En-
Yvs. s-Child, respectively.

The impact of surgical reconstruction on mortality
and postoperative complications after PD

Mortality rates were 1.7% (n = 15) for patients with BE-Child
and 1.9% (n = 11) in patients with s-Child. There was no dif-
ference in mortality (RR 0.72, 95%-CI 0.32–1.61; p = 0.47,
I2 = 0%) (Fig. 3a). In contrast, BE-Child was associated with
less postoperative complications compared with s-Child [161
patients (39.8%) after BE-Child vs. 212 (52.9%) after s-Child,
RR 0.80, 95%-CI 0.66–0.97; p = 0.002, I2 = 29%, Fig. 3b].
Subgroup analysis of RCTcould not detect any differences for
mortality (RR 0.33, 95%-CI 0.01–7.58; p = 0.49, I2 = na) (Fig.
3a) and for postoperative complications (RR 0.92, 95%-CI
0.55–1.54; p = 0.75, I2 = 29%) (Fig. 3b).

Furthermore, 5 studies [48–52] including 665 patients were
pooled in the meta-analysis comparing the risk for postopera-
tive mortality after Iso-Roux-En-Yvs. s-Child. Here, there was
no clinically relevant impact of the Iso-Roux-En-Y vs. s-Child
on overall mortality (HR 1.03, 95%-CI 0.39–2.77; p = 0.95,
I2 = 0%) (Fig. 3c) or for overall postoperative complications
(RR 1.03, 95%-CI 0.86–1.23; p = 0.73, I2 = 0%) (Fig. 3d).

Fig. 2 Flowchart of the screening
and the identification-process. A
flowchart of the screening and the
identification-process was
conducted according to the
PRISMA-Guidelines. Here, a
total of 2908 studies were
identified comparing the outcome
of patients after pancreas
resection with BE-Child or Iso-
Roux-En-Y vs. s-Child. After
exclusion, only 18 studies were
eligible to be included in our
current systematic review
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Moreover, all studies, which showed sufficient data for a
comparison of patients’ characteristics, perioperative data, and
histological diagnosis, were included in sensitivity meta-
analysis of postoperative complications (Table 2, see ESM
Figures 1–4).

The impact of surgical reconstruction on POPF
after pancreatic surgery

One hundred fifty-one patients (20.4%) presented POPF grade
A/B/C after pancreatic resection with BE-Child, whereas 223
patients (36.7%) had POPF after s-Child. Nevertheless, no
clinically relevant risk difference could be observed in the
overall pooled meta-analysis of POPF grade A/B/C with a

RR of 0.88 (RR 0.88, 95%-CI 0.74–1.05; p = 0.15, I2 = 0%)
(Fig. 4a). Similarly, the meta-analysis comparing the impact of
Iso-Roux-En-Y vs. s-Child did not identify any relevant dif-
ference for developing POPF grade A/B/C either (RR 0.92,
95%-CI 0.67–1.27; p = 0.61, I2 = 0%) (Fig. 4b). However, in
the sub-analysis of clinically relevant, i.e., POPF grade B/C,
only 53 patients (9.8%) with BE-Child displayed clinically
relevant POPF grade B/C whereas nearly the double number
of patients with s-Child (n = 107; 19.9%) demonstrated grade
B/C POPF. Consequently, the meta-analysis revealed a two-
fold increased risk for developing POFP grade B/C in patients
with s-Child (RR 0.50, 95%-CI 0.31–0.81; p = 0.005, I2 =
46%) (Fig. 4c). The subgroup analysis of RCT was not able
to detect any relevant difference for POPF grade A/B/C (RR

Table 1 Characteristics of the included studies

Author Reconstruction-Type Data collection Study
type

Definition of POFP and DGE Typ of pancreas
resection

Ke et al. 2013 [48] Iso-Roux-En-Y (n=107) vs. s-Child
(n=109)

2006-2012 RCT POPF: ISGPF[31] PD

Tani et al. 2014 [49] Iso-Roux-En-Y (n=75) vs. s-Child (n=76) 2009-2012 RCT POPF: ISGPF[31]
DGE: ISGPS[32]

PD

Ballas et al. 2010 [50] Iso-Roux-En-Y (n=42) vs. s-Child (n=46) 1994-2006 RS ISGPF PD+PPPD

Kaman et al. 2008 [51] Iso-Roux-En-Y (n=60) vs. s-Child (n=51) 1994-2006 RS POPF: >3x serum amylase,
>50 ml/d lasting <7 days

DGE: na

PD+PPPD

Perwaiz et al. 2006 [52] Iso-Roux-En-Y (n=53) vs. s-Child (n=55) 2003-2007 RS POPF: ISGPF[31] PD

Fujieda et al. 2017 [29] BE-Child (n=34) vs. s-Child (n=34) 2011-2016 RCT POPF: ISGPF[31]
DGE: ISGPS[32]

PPPD

Hwang et al. 2016 [26] BE-Child (n=30) vs. s-Child (n=30) 2013-2014 RCT POPF: ISGPF[31]
DGE: ISGPS[32]

PPPD

Kakaei et al. 2015 [30] BE-Child (n=15) vs. s-Child (n=15) 2013 RCT na PD

Hochwald et al. 2009 [25] BE-Child (n=70) vs. s-Child (n=35) 2001-2006 PS POPF: ISGPF[31]
DGE: ISGPS[32]

PD

Meng et al. 2015 [39] BE-Child (n=98) vs. s-Child (n=105) 2009-2014 PS POPF: ISGPF[31]
DGE: ISGPS[32]

PD

Nikfarjam et al. 2012 [40] BE-Child (n=24) vs. s-Child (n=20) 2009-2011 PS POPF: ISGPF[31]
DGE: ISGPS[32]

PD

Cordesmeyer et al. 2014 [41] BE-Child (n=51) vs. s-Child (n=62) 2004-2011 RS POPF: ISGPF[31]
DGE: ISGPS[32]

PPPD

Hu et al. 2016 [42] BE-Child (n=172) vs. s-Child (n=367) 2012-2015 RS POPF: ISGPF[31]
DGE: ISGPS[32]

PD+PPPD

Liu et al. 2014 [43] BE-Child (n=40) vs. s-Child (n=156) 2013 RS POPF: ISGPF[31]
DGE: ISGPS[32]

PD+PPPD

Wang et al. 2013 [44] BE-Child (n=32) vs. s-Child (n=30) 2008-2012 RS POPF: ISGPF[31]
DGE: ISGPS[32]

PD

Watanabe et al. 2015 [45] BE-Child (n=98) vs. s-Child (n=87) 2008-2013 RS POPF: ISGPF[31]
DGE: ISGPS[32]

PPPD

Xu et al. 2015 [46] BE-Child (n=206) vs. s-Child (n=201) 2000-2013 RS POPF: ISGPF[31]
DGE: ISGPS[32]

PD

Zhang et al. 2014 [47] BE-Child (n=347) vs. s-Child (n=48) 2009-2013 RS POPF: ISGPF[31]
DGE: ISGPS[32]

PD

All relevant characteristics of the included studies of the systematic review were summarized in this table

BE-Child, Child reconstruction with an additional Braun enteroenterostomy; Iso-Roux-En-Y, Reconstruction with an isolated pancreaticojejunostomy
according to Roux-En-Y; vs., versus; POPF, postoperative pancreatic fistula; DGE, delayed gastric emptying; RCT, prospective, randomized controlled
trial; PS, prospective trial without randomization; RS, retrospective study; ISGPF, International Study Group for Pancreatic Fistula; ISGPS, International
Study Group for Pancreatic Surgery; PD, pancreaticoduodenecotmy; PPPD, pylorus-preserving pancreaticoduodenectomy; na, not available
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0.33, 95%-CI 0.01–7.58; p = 0.49, I2 = na) or for clinically
relevant POPF (RR 0.83, 95%-CI 0.40–1.73; p = 0.62, I2 =
0%) between BE-Child and s-Child. In addition, no protective
effect of an Isolated-Roux-En-Y compared to s-Child was
present in the meta-analysis (HR 1.11, 95%-CI 0.50–2.47;
p = 0.79, I2 = na) (Fig. 4d).

According to postoperative complications, sensitivity anal-
ysis was performed for clinically relevant POPF and provided
in Table 2 and ESMFigures 1–4 (Table 2, see ESMFigures 1–
4). In this context, no differences could be observed regarding
the rates of the pancreas texture, the main pancreatic duct, and
of type of anastomosis (Table 2). In accordance, the overcalled
pooled RR of the sensitivity analysis tended to show a poten-
tial benefit of an additional BE although no statistical signif-
icance could be observed, which should be interpreted as a
consequence of a low number of included studies (Table 2, see
ESM Figures 1–4).

The impact of surgical reconstruction on DGE
after pancreatoduodenectomy

Whereas only 54 patients (22.7%) suffered from postoperative
DGE after BE-Child, it were 101 patients (36.9%) with s-Child.
As a consequence, the overall pooled RR showed that BE-
Child is associated with a slightly decreased, but non-
significant risk for DGE compared to s-Child (RR 0.72, 95%-
CI 0.46–1.14; p = 0.16, I2 = 53%) (Fig. 5a). No effect was seen
comparing the impact of Iso-Roux-En-Y against s-Child for
DGE grade A/B/C either (RR 1.19, 95%-CI 0.82–1.75; p =
0.36, I2 = 0%) (Fig. 5b). This protective effect of a BEwas even
more visible after stratifying patients into clinically relevant
DGE grade B/C according to ISGPS [32]. Here, 77 patients
(8.3%) displayed DGE grade B/C after PD with BE-Child vs.
139 patients (18.7%) after s-Child. Accordingly, the overall RR
of 0.40 showed a strongly reduced risk for clinically relevant
DGE grade B/C in patients with BE-Child (RR 0.40, 95%-CI
0.22–0.75; p = 0.004, I2 = 73%) (Fig. 5c). No protective effect
was visible in the comparison of Iso-Roux-En-Y vs. s-Child
(RR 3.04, 95%-CI 0.63–14.59; p = 0.16, I2 = na) (Fig. 5d).
Subgroup analysis of RCT comparing the effect of BE-Child
vs. s-Child could not detect any relevant differences for DGE
grade A/B/C (RR 0.59, 95%-CI 0.31–1.12; p = 0.11, I2 = 0%)
(Fig. 5a) or for clinically relevant DGE B/C (RR 0.41, 95%-CI
0.22–1.90; p = 0.25, I2 = 54%) (Fig. 5c). Also, the overall
pooled RR of RCT comparing Iso-Roux-En-Y against s-Child
was not able to detect any benefit of Iso-Roux-En-Y for DGE
Grade A/B/C (RR 1.01, 95%-CI 0.63–1.64; p = 0.96, I2 = 0%)
(Fig. 5b). To identify BE as an independent factor for DGE, a
total of 4 OR of multivariate regression models [26, 43, 45, 46]
could be identified and pooled in meta-analysis identifying BE
as an independent, protective factor against clinically relevant
DGE after PD (OR 4.59, 95%-CI 2.86–7.36; p < 0.0001; I2 =
0%) (see ESM Figure 5).T
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In addition, sensitivity analyses were performed for the
comparison of BE-Child/Iso-Roux-En-Y vs. s-Child for clin-
ically relevant DGE confirming the superiority of BE-Child
vs. s-Child for clinically relevant DGE (Table 2, see ESM
Figures 1–4). Here, all sensitivity analysis but one showed a
clinical benefit of an additional BE to prevent clinically rele-
vant DGE (Table 2, see ESM Figures 1–4).

The impact of surgical reconstruction on hemorrhage,
surgical site infections, pulmonary complication,
blood loss, length of hospital stay, and operation time

Next, the database of the systematic review was screened for
data of perioperative blood loss, operation time, postoperative
hemorrhage, surgical site infections (SSI), pulmonary compli-
cations, bile leaks, and length of hospital stay (LOH). No clin-
ically relevant impact of BE-Child vs. s-Child was detected on
hemorrhage (RR 1.17, 95%-CI 0.69–1.97; p = 0.56, I2 = 0%),

on SSI (RR 0.97, 95%-CI 0.67–1.42; p = 0.89, I2 = 0%), on
pulmonary infections (RR 1.00, 95%-CI 0.45–2.23; p = 0.99,
I2 = 45%), or on perioperative blood loss (mean difference
0.29 ml, 95%-CI − 0.02–0.61; p = 0.06, I2 = 78%) (Table 3).
However, patients after BE-Child tended to have shorter LOH
(mean difference − 1.39 days, 95%-CI − 2.81–0.04; p = 0.06,
I2 = 0%) with a decreased risk for postoperative bile leaks (RR
0.52, 95%-CI 0.31–0.88; p = 0.01, I2 = 0%) and a longer oper-
ation time (mean difference 17.72 min, 95%-CI 8.27–3.66; p =
0.0002, I2 = 0%) compared with s-Child (Table 3). Sensitivity
analysis of bile leaks including RCT was performed to
allow a deeper insight of an additional BE on bile leaks.
Here, no patient in the BE-Child group (0/30) and 2 pa-
tients in the s-Child group (2/30) showed a postoperative
bile leak (RR 0.33, 95%-CI 0.04–3.08, p = 0.33, I2 = 0%).

In accordance with BE-Child, the same meta-analysis was
conducted comparing the postoperative outcome between patients
after Iso-Roux-En-Yvs. s-Child. In line with the meta-analysis of

Fig. 3 The impact of BE-Child or Iso-Roux-En-Y vs. s-Child on overall
mortality and postoperative complications after pancreatic head resection.
Forest plot of quantitative data comparing the incidence of postoperative
mortality between patients with BE-Child (a) or Iso-Roux-En-Y (c) and s-
Child. Meta-analysis of patients for the comparison of postoperative
complications between patients with BE-Child vs. s-Child (b) and Iso-

Roux-En-Yvs. s-Child (d). Studies were stratified from their study design
into RCT; prospective studies and retrospective studies. Data were shown
as risk ratio (RR) with their corresponding 95%-CI and p value using the
Mantel–Haenszel random effects models. RCT randomized controlled
trial, M-H Mantel–Haenszel model; CI confidence interval
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BE-Child, no clinically relevant effect was visible for the risk of
developing postoperative hemorrhage (RR 1.79, 95%-CI 0.72–
4.44; p= 0.21, I2 = 0%), of SSI (RR 0.89, 95%-CI 0.56–1.41;
p= 0.61, I2 = 0%), of pulmonary infections (RR 1.18, 95%-CI
0.69–2.02; p= 0.55, I2 = 0%) or of a clinically relevant perioper-
ative blood loss (mean difference: − 30.99ml, 95%-CI − 55.74–−
6.23; p= 0.01, I2 = 0%) (Table 3). In contrast to BE-Child, also no
impact of Iso-Roux-En-Y was observed in the meta-analysis on
bile leaks (RR 1.24, 95%-CI 0.41–3.78; p= 0.70, I2 = 11%), on
operation time (mean difference 29.17, 95%-CI − 7.45–65.80;
p= 0.12, I2 = 88%) or on LOH (mean difference − 0.38 days,
95%-CI − 1.69–0.94; p= 0.58; I2 = 56%) (Table 3).

The effect of BE and Iso-Roux-En-Y in classical PD
and PPPD

To provide a detailed insight on the impact of BE after PD,
studies were stratified from classical PD and PPPD.

Importantly, whereas no single study could be identified that
included solely PPPD in the comparison of Iso-Roux-En-Y
against s-Child, meta-analysis comparing the effect of BE-Child
vs. s-Child onmortality, postoperative complications, POPF, clin-
ically relevant POPF, DGE, and clinically relevant DGE were
performed including subgroup analysis depending on studies in-
cluded patients with PD or PPPD or PD+PPPD. Here, no effect
of BE on mortality could be observed in patients undergoing
classical PD (RR 0.76, 95%-CI 0.30–1.91; p = 0.56, I2 = 0%)
whereas no calculation of RR was able in the meta-analysis of
PPPD (see ESM Figure 6a). The meta-analysis of postoperative
complications revealed a strong decreased risk for postoperative
complications after classical PD (RR 0.73, 95%-CI 0.62–0.86;
p = 0.0002, I2 = 0%) whereas no effect was detectable in the
subgroup analysis of patients undergoing PPPD (RR 1.05,
95%-CI 0.74–1.48; p= 0.78, I2 = na) (see ESM Figure 6b).

Accordingly, BE did not seem to affect the incidence of all
kind of POPF in patients undergoing classical PD (RR 1.27,

Fig. 4 The impact of BE-Child or Iso-Roux-En-Y vs. s-Child on POPF
after pancreatic head resection. Meta-analysis of any kind of POPF
comparing the postoperative outcome between BE-Child vs. s-Child (a)
and Iso-Roux-En-Y vs. s-Child (b). Quantitative data of clinically
relevant POPF according to the definition of ISGPS were pooled in (c)
for meta-analysis of BE-Child and s-Child and in (d) for Iso-Roux-En-Y

and s-Child. Studies were stratified from their study design into RCT;
prospective studies and retrospective studies. Risk ratios (RR) were
calculated by the Mantel–Haenszel random effects models. POPF post-
operative pancreatic fistula; ISPGS International Study Group for
Pancreatic Surgery; RCT randomized controlled trial; M-H Mantel–
Haenszel model; CI confidence interval
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95%-CI 072–2.25; p = 0.41, I2 = 0%) or PPPD (RR 0.59,
95%-CI 0.23–1.52; p = 0.28, I2 = 0%) (see ESM Figure 7a).
In contrast, no effect of BE was detectable for clinically rele-
vant POPF in patients undergoing PPPD (RR 0.83, 95%-CI
0.54–1.28; p = 0.40, I2 = 0%), whereas patients after classical
PD and an additional BE showed a strong diminished risk for
clinically relevant POPF (RR 0.30, 95%-CI 0.19–0.48;
p < 0.00001, I2 = 0%) (see ESM Figure7b). Whereas no effect
was visible for all kind of DGE (classical PD: RR 0.73, 95%-
CI 0.41–1.28; p = 0.27, I2 = 49%; PPPD: RR 0.57, 95%-CI
0.28–1.16; p = 0.12, I2 = na%) (see ESM Figure 7c), the sub-
group analysis of clinically relevant DGE B/C revealed a
strongly reduced risk in patients undergoing classical PD
(RR: 0.27, 95%-CI 0.12–0.64; p = 0.003, I2 = 62%) and
PPPD (RR 0.32, 95%-CI 0.11–0.93; p = 0.04, I2 = 57%)
(see. ESM Figure 7d).

However, no effect could be observed of Iso-Roux-En-Y in
patients with PD and PPPD for mortality (PD: RR 1.04, 95%-CI
0.15–7.10; p = 0.97, I2 = na; PPPD: RR 1.03, 95%-CI 0.93–
2.77; p = 0.94, I2 = 0%) and for postoperative complications
(PD: RR 0.98, 95%-CI 0.79–1.22; p = 0.83, I2 = 0%; PPPD:
RR 1.13, 95%-CI 0.81–1.57; p = 0.46, I2 = 0%) (see ESM
Figure 8a–b). Moreover, also no relevant differences was were
detectable in the sensitivity analysis of POPF (PD: RR 0.94,
95%-CI 0.67–1.33; p = 0.74, I2 = 0%; PPPD: RR 0.92, 95%-
CI 0.67–1.27; p = 0.61, I2 = 0%), clinically relevant POPF ac-
cording to ISGPS (PD: RR 1.11, 95%-CI 0.50–2.47; p = 0.79,
I2 = na), DGE (PD: RR 1.05, 95%-CI 0.67–1.64; p = 0.84, I2 =
0%; PPPD: RR 1.68, 95%-CI 0.81–3.39; p= 0.16, I2 = 0%) and
clinically relevant DGE according to ISGPS (PD: RR 3.04,
95%-CI 0.63–14.59; p = 0.16, I2 = na; PPPD: RR 1.11, 95%-
CI 0.47–2.63; p = 0.81, I2 = 13%) (see ESM Figure 9a–d).

Fig. 5 The impact of BE-Child or Iso-Roux-En-Y vs. s-Child on DGE
after pancreatic head resection. Risk ratio for DGE between BE-Child (a)
or Iso-Roux-En-Y (b) vs. s-Child after pancreatic head resection. Data of
clinically relevant DGE according to ISGPS were summarized in (c) for
BE-Child vs. s-Child and (d) for Iso-Roux-En-Yvs. Child. Meta-analysis

were performed using the Mantel–Haenszel random effects models and
subgroups were introduced depending on the study design. DGE delayed
gastric emptying; ISPGS International Study Group for Pancreatic
Surgery; M-H Mantel–Haenszel model; CI confidence interval; RCT
randomized controlled trial
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Quality assessment and investigation of publication
bias

In this systematic review, only 2 of 18 studies had a
Bserious^ risk of bias, whereas none of the studies har-
bored critical risk of bias according to ROBINS-I
criteria. Importantly, the majority of included studies

provided an adequate and detailed definition of their
surgical procedure, which is reflected by the low risk
of the interventional bias. Moreover, the equal definition
of POPF and DGE according to the ISGPS [31, 32]
used in our systematic review contributes to an overall
low risk of bias of measurement of outcome and report-
ed results (see ESM Table 1).

Table 3 Meta-Analysis comparing the effect of BE-Child or Iso-Roux-En-Y vs. s-Child on hemorrhage, surgical site infection/SSI, pulmonary
complication, perioperative blood loss, length of operation and length of hospital stay/LOH

Total HR: Total I2 Studies

Hemorrhage Iso-Roux-En-Y vs. s-Child RR: 1.79,
95%-CI: 0.72-4.44,
p=0.21

0% n=4 [49–52]

BE-Child vs. s-Child RR: 1.17,
95%-CI: 0.69-1.97,
p=0.56

0% n=8 [26, 30, 39, 40, 44–47]

SSI Iso-Roux-En-Y vs. s-Child RR: 0.89,
95%-CI: 0.56-1.41,
p=0.61

0% n=4 [48–50, 52]

BE-Child vs. s-Child RR: 0.97,
95%-CI: 0.67-1.42,
p=0.89

0% n=8 [25, 26, 30, 39, 40, 44, 45, 47]

Pulmonary Complications Iso-Roux-En-Y vs. s-Child RR: 1.18,
95%-CI: 0.69-2.02,
p=0.55

0% n=4 [48–51]

BE-Child vs. s-Child RR: 1.00,
95%-CI: 0.45-2.23,
p=0.85

45% n=6 [25, 30, 39, 40, 45, 47]

Bile leaks Iso-Roux-En-Y vs. s-Child RR: 1.24,
95%-CI: 0.41-3.78,
p=0.70

11% n=3 [48, 49, 51]

BE-Child vs. s-Child RR: 0.52,
95%-CI: 0.31-0.88,
p=0.01

0% n=9 [25, 26, 30, 39, 41, 44–47]

Blood loss Iso-Roux-En-Y vs. s-Child Mean Difference:-30.99,
95%-CI: -55.74--6.23,
p=0.01

0% n=3 [48, 49, 51]

BE-Child vs. s-Child Mean Difference: 0.29,
95%-CI: -0.02-0.61,
p=0.06

78% n=6 [26, 30, 39, 44, 46, 47]

Hospital stay Iso-Roux-En-Y vs. s-Child Mean Difference: -0.38,
95%-CI: -1.69-0.94,
p=0.58

56% n=5 [48, 49, 51–52]

BE-Child vs. s-Child Mean Difference: -1.37,
95%-CI: -2.77-0.03,
p=0.05

0% n=4 [26, 39, 44, 46]

Operation time Iso-Roux-En-Y vs. s-Child Mean Difference: 29.17
95%-CI: -7.45-65.80,
p=0.12

88% n=5 [48–52]

BE-Child vs. s-Child Mean Difference: 17.72
95%-CI: 8.27-3.66,
p=0.0002

0% n=5 [26, 30, 39, 44, 46]

Additional meta-analyses were conducted to assess the impact of BE-Child and Iso-Roux-En-Y against s-Child on postoperative outcome. BE-Child was
associated with a decreased risk for bile leaks a shortened length of hospital stay but an increased operation time compared to s-Child. In contrast, Iso-Roux-
En-Y was only associated with a slight decrease blood loss and does not seem to affect the postoperative outcome of patients in a clinical relevant way

Statistically relevant p-value are in italic

BE-Child, Child reconstruction with an additional Braun enteroenterostomy; Iso-Roux-En-Y, Reconstruction with an isolated pancreaticojejunostomy
according to Roux-En-Y; vs., versus; LOH, length of hospital stay; RR, risk ratio; 95%-CI, 95%-confidence-interval
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Yet, only the meta-analysis of postoperative mortality and
of clinically relevant DGE of BE-Child vs. s-Child included
sufficient studies for the assessment of publication bias. Here,
Funnel plots showed an equal distribution of the included
studies, which was confirmed by the Eggers’ test of the
meta-analysis of mortality (see ESM Figure 10a, p = 0.6905)
and of clinically relevant DGE (see ESM Figure 10b, p =
0.572). Thus, there were no relevant publication bias in the
meta-analysis.

Discussion

This is the first systematic review with meta-analysis compar-
ing the effect of BE-Child vs. s-Child including data of pro-
spective, retrospective and randomized controlled studies.
BE-Child seem to be the safest procedure compared to Iso-
Roux-En-Yvs. s-Child, regarding decreased overall postoper-
ative complications, risk for clinically relevant POPF, clinical-
ly relevant DGE and bile leaks.

Beside BE-Child, serval surgical techniques were intro-
duced to reduce the incidence of DGE and POPF. However,
whereas classical PD seems to exhibit a decreased incidence
of DGE compared to PPPD [53], neither the type of pancreatic
anastomosis, i.e., pancreaticogastrostomy/PG vs. PJ [54], or
the route of the GJ (antecolic vs. retrocolic) seem to influence
the occurrence of DGE in patients undergoing PD [55].
Moreover, Hackert et al. compared the postoperative outcome
of patients undergoing PPPD vs. pylorus resecting PPPD [56].
Importantly, no difference on postoperative mortality, DGE
and POPF could be observed [56]. In line with these studies,
routinely, surgically placed intraperitoneal drains [57, 58],
pancreatic duct stents [59], type of anastomosis (invagination
vs. duct-to-mucosa pancreaticojejunostomy) [60], and so-
matostatin analogues [61] were on spotlight of current re-
search to minimize the risk for postoperative adverse events
after pancreatic resection. Of these, only somatostatin ana-
logues could be associated with a reduction of clinically rele-
vant POPFwhich should be critically considered as most RCT
analyzing the impact of somatostatin analogues after pancreas
resection included patients undergoing PD and distal pancre-
atectomy in the same study population [61]. In contrast, no
clear consensus could be reached regarding the installation of
prophylactic, intraperitoneal drains [57, 58], pancreatic duct
stents [59], and type of anastomosis [60]. Importantly, no rel-
evant differences in patient characteristics, operative data, and
histological diagnosis (which might bias study results) could
be observed in our current meta-analysis. Moreover, the ma-
jority of sensitivity analysis confirmed the possible protective
effect of an additional BE—especially for clinically relevant
DGE and POPF—although one should mention that the pow-
er of sensitivity analysis were crucially affected by a decreased
amount of included studies. Nevertheless, in contrast with the

other mentioned surgical modifications, solely the additional
BE after child reconstruction seems to reduce the incidence of
DGE, which was even more present for clinically relevant
DGE grade B/C and clinically relevant POPF grade B/C after
pancreatic head resection in our current meta-analysis.
Therefore, we decided to include a paragraph on the clinically
impactful risk factors in our manuscript.

The reason for this decreased risk of DGE and POPF after
BE-Child may be due to eased outflow of pancreatic and bil-
iary juice and prevention of the stasis of these gastrointestinal
juices, providing a physical relief for the PJ and HJ and with
this less pressure on the jejunal loop and subsequently on the
anastomoses. In this context, Hochwald et al. were the first
authors who compared the clinical outcome of patients after
PD with BE-Child vs. s-Child [25]. In accordance with our
meta-analysis, this study showed a decreased risk for devel-
oping clinically relevant DGE in patients with BE (p = 0.003)
and a decreased median length of hospital stay (p < 0.05).
Besides, BE was associated with a decreased time to tolerate
oral liquids (p = 0.01) and solid diets (p = 0.01). Importantly,
by dual radionuclide simultaneous biliary and gastric scintig-
raphy on postoperative day 7, the authors showed that patients
after PD with BE-Child had a median bile reflux of 0% and a
diminished incidence of clinically relevant DGE (BE-Child:
N = 2/7% vs. Child: n = 11/31%; p = 0.003) [25]. These find-
ings were underlined byWang et al. in 2013 who reported that
alkaline reflux gastritis and marginal ulcers were less present
in patients after PD and BE-Child compared to patients with s-
Child [44]. Although no effect was detectable on DGE in
general, patients with BE-Child displayed a decreased inci-
dence of overall postoperative complications after PD (BE-
Child: n = 6/24.1% vs. s-Child: n = 12/50%, p = 0.025).
Taken these findings into account, one could assume that al-
kaline bile reflux might play an essential role for the develop-
ment of DGE in patients after PD.

Besides bile reflux, one well-known risk factor for the de-
velopment of DGE is clinically relevant POPF [43]. In the
presence of clinically relevant POPF, patients showed a nearly
fivefold increased risk for DGE compared to patients without
clinically relevant POPF (OR 4.718, 95%-CI 1.664–13.381).
Accordingly, the current meta-analysis showed that the pres-
ence of BE not even decreases the incidence of clinically
relevant POPF (BE-Child: n = 53/9.8% vs. s-Child: n = 107/
19.9%) but also of clinically relevant DGE (BE-Child n = 82/
8.2% vs. s-Child: n = 150/19.2%). Our current systematic re-
view could identify three RCTs comparing the effect of BE-
Child vs. s-Child [26, 29, 30]. Of these, only two RCTs [26,
29] with a total amount of 64 patients (min. 30, max. 34) per
study arm could be included in our sensitivity analysis of the
impact of BE-Child vs. s-Child on clinically relevant POPF
(RR 0.83, 95%-CI 0.40–1.73; p = 0.62) and DGE (RR 0.41,
95%-CI 0.09–1.90; p = 0.25) after PPPD. Besides, especially
the results of the RCT of Hwang et al. should be critically
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interpreted as their reported incidence of clinically relevant
POPF (BE-Child: n = 2/6% vs. s-Child: n = 1/3%) were ex-
tremely low in both arms. Therefore, this low number of par-
ticipants in both RCTs not only limits the power of the includ-
ed RCTs but also of our current meta-analysis as this low
number of patients did not seem appropriate to allow any
founded statement on the impact of an additional BE after
PPPD on POPF but also on DGE. In addition, no single mul-
tivariate analysis could be identified that analyzed BE as an
independent factor for POPF in patients after PPPD. Thus, the
answer for the question of the true impact of BE-Child vs. s-
Child after Whipple’s procedure remains unclear and more
RCTs with an adequate number of patients are urgently need-
ed to address this topic. Moreover, the low number of patients
within the study makes it impossible to stratify patients in
subgroups according to the PPPD or classical Whipple’s pro-
cedure. After introducing subgroups, 2 studies with 128 pa-
tients and 1 study with 60 patients could be included in the
meta-analysis on mortality and postoperative complications,
respectively. These low numbers of patients were not suffi-
cient to allow any statement on the impact of BE after PPPD
underlying the need for a well-designed RCT.

Some limitation and deficits of the present study need to be
underlined: one major limitation of the systematic review was
the varying definitions of DGE in the different studies, espe-
cially in studies comparing the postoperative outcome be-
tween Iso-Roux-En-Y and s-Child. Here, one study could be
included in the meta-analysis for clinically relevant DGE ac-
cording to ISGPS. Another limitation is caused that the ma-
jority of patients within the different meta-analysis were ex-
tracted from retrospective studies. This low number of patients
included by the RCT harbors the risk that study effect could be
seriously affected by bias of the retrospective analysis.

Conclusion

Our current meta-analysis revealed a potential beneficial ef-
fect of BE-Child after PD for reducing postoperative compli-
cations and protecting patients against clinically relevant DGE
and POPF. Moreover, our systematic review noticed that the 3
RCT comparing BE-Child and s-Child exhibited low power
(low number of patients) for detecting clinically relevant DGE
and POPF. Here, more RCTs with an adequate sample size are
needed to underline the findings of our present study.
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