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Abstract
Background: Pancreatoduodenectomy is burdened by elevated postoperative morbidity. Pancreatic
duct ligation or occlusion have been experimented as an alternative to reduce the insurgence of postoperative pancreatic ﬁstula. The aim of this systematic review and meta-analysis was to compare
postoperative mortality and morbidity (pancreatic ﬁstula, postoperative hemorrhage, delayed gastric
emptying, pancreatic exocrine insufﬁciency and diabetes mellitus) between patients undergoing
pancreatic anastomosis or pancreatic duct ligation/occlusion after pancreatoduodenectomy.
Methods: A systematic review and meta-analysis of 13 studies was conducted following the PRISMA
guidelines and the Cochrane protocol (PROSPERO ID: CRD42021249232).
Results: No difference in postoperative mortality was highlighted. Pancreatic anastomosis was found to
be protective considering all-grades pancreatic ﬁstula (RR: 2.38, p = 0.0005), but pancreatic duct occlusion presented a 3-folded reduced risk to develop “grade C” pancreatic ﬁstula (RR: 0.36, p = 0.1186),
although not signiﬁcant. Diabetes mellitus was more often diagnosed after duct occlusion (RR: 1.61,
p < 0.0001); no difference was found in terms of pancreatic exocrine insufﬁciency (RR: 1.19, p = 0.151).
Conclusion: Postoperative mortality is not inﬂuenced by the pancreatic reconstruction technique.
Pancreatic anastomosis is associated with a reduction in all-grades pancreatic ﬁstula. More high-quality
studies are needed to clarify if duct sealing could reduce the prevalence of “grade C” ﬁstula.
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Introduction
Pancreatoduodenectomy (PD), ﬁrstly described in 1935 by A. O.
Whipple,1 represents the surgical treatment of choice for malignant diseases of the ampullary and pancreatic head region.
Nowadays, this operation is still burdened by moderate mortality
(5%) and high morbidity (30–50%).2 The most common
postoperative complications are represented by postoperative
pancreatic ﬁstula (POPF), post-pancreatectomy hemorrhage
(PPH), delayed gastric emptying (DGE), exocrine pancreatic
insufﬁciency (EPI), and diabetes mellitus (DM). Their
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prevalence is respectively of 3–45%,3 1–8%2 and 19–57%.4
Furthermore, depending on the extension and type of resection, 50% of patients undergoing pancreatic resection need
enzyme supplementation and 17–24% are diagnosed with new
DM after surgery.5
Pancreatic anastomosis still is the most dangerous step of PD.
To reduce the onset of POPF and all related consequences, several
different types of pancreatic anastomosis have been introduced,
although there is no evidence of an incontrovertible superiority
of one speciﬁc technique over the others. Pancreatic duct
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occlusion (PDO), either with duct ligation or chemical occlusion, has been proposed in the ‘70s-80’s as an alternative to
pancreatic anastomosis with the aim of reducing the incidence of
POPF provoking a pancreatic exocrine function depletion. After
an initial distrust, this technique has regained interest in the last
two decades and several studies have been conducted to evaluate
the beneﬁts of PDO with particular attention to POPF rate and
clinically relevant POPF. Moreover, a recent systematic review
and meta-analysis of proportion by Giglio et al.6 has explored the
prevalence of the most common postoperative complications
and mortality in PD with PDO but no direct comparison of
anastomosis and occlusion has been carried out. The aim of this
systematic review and meta-analysis is to compare the postoperative morbidity and mortality of patients undergoing PD
with pancreatic anastomosis versus PD with PDO by different
techniques.

Methods
Search strategy
A systematic review of the literature was performed according to
the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) and AMSTAR (Assessing the methodological quality of systematic reviews) Guidelines.7,8 Moreover, the
meta-analysis was conducted following the MOOSE (Metaanalysis of Observational Studies in Epidemiology)
recommendations.
Details of the protocol for this systematic review were registered on PROSPERO with the following ID: CRD42021249232.
The PubMed, Scopus, and Cochrane Library databases were
screened without time restrictions up to April the 15th, 2021.
Articles without free full text available were searched through
the University of Milan digital library, the “Alberto Malliani”
library, or by direct contact with the authors. A hand-search of
the references of the included studies and previous reviews on the
topic was also performed to include additional relevant studies
according to established selection criteria.
Selection criteria
A speciﬁc population (P), intervention (I), comparator (C),
outcome (O), and study design (S) (PICOS) framework was
speciﬁed to deﬁne study eligibility, as recommended. In particular, the following criteria were outlined:
- Population (P): adult patients (18 years old), diagnosed with
either benignant or malignant diseases requiring PD;
- Intervention (I): PD + PDO (without pancreatic anastomosis);
- Comparison (C): PD + undergoing pancreato-jejunostomy or
pancreatogastrostomy;
- Outcomes (O): postoperative mortality rate and/or POPF rate
after PD;

HPB xxxx, xxx, xxx

- Study design (S): retrospective and prospective comparative
studies with at least 10 patients per group.
Exclusion criteria
All studies reporting PDO as intervention without comparison
with a control group of pancreatic anastomosis were not eligible
for inclusion. Studies exploring the beneﬁts of a combination of
PDO and pancreatic anastomosis were also excluded. Studies
with no full text available were excluded.
Systematic review process
Mendeley reference software (Mendeley Ltd, London, UK) was
used to identify and remove duplicates among the initially
identiﬁed records. Overall, 6819 articles were preliminarily
identiﬁed by the literature search. After exclusion of duplicates,
titles and abstracts of 4457 records were screened. An a priori
developed screening form was created to guide study selection.
Investigators (AC, AFr, SG) were blinded to each other’s
decisions.
Risk of bias assessment
The risk of bias was assessed for the selected studies according to
the ROBINS-I tool as recommended by the Cochrane Collaboration.9 The following domains were explored: 1) bias due to
confounding; 2) bias in the selection of participants into the
study; 3) bias in classiﬁcation of interventions; 4) bias due to
deviations from the intended interventions; 5) bias due to
missing data; 6) bias in the measurement of the outcomes; 7) bias
in the selection of the reported results.
Investigators (AFa, NdA) collected data in a computerized
spreadsheet according to the methodology proposed by
Higgins.10 Bar and trafﬁc light plots were created to display the
results of the risk of bias assessment graphically.
Data extraction and assessment of included studies
Information about study design and methodology, participant
demographics and baseline characteristics, PDO, and control
groups treatment details, survival, and complication outcomes
were gathered in a computerized spreadsheet (Microsoft Excel
2016; Microsoft Corporation, Redmond; WA).
Primary and secondary endpoints
Primary outcomes were represented by postoperative mortality
and POPF rate. Secondary outcomes were represented by “Grade
C” POPF,3 postoperative DM, exocrine pancreatic insufﬁciency
rate, PPH, DGE, operative time (OT), length of stay and intraoperative estimated blood loss.
Statistical analysis
Primary outcome measures were expressed in terms of Risk Ratio
(RR) and 95% Conﬁdence Intervals (CI) for postoperative
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mortality and POPF. Meta-analyses of binary outcomes were
developed. Moreover, meta-analyses of proportion were
performed to explore cumulative postoperative mortality and
POPF rates of patients undergoing PD with PDO. Secondary
outcome measures were reported as RR and 95% CI or MD and
95% CI. Meta-analyses of binary and continuous outcomes were
developed. In addition, meta-analysis of proportion and metaanalysis of means were realized to explore cumulative “Grade
C” POPF, DGE, PPH, exocrine pancreatic insufﬁciency and
postoperative diabetes rates and cumulative length of stay,
intraoperative estimated blood loss and operative time means for
PD with PDO. For those studies providing medians and
interquartile-ranges or medians and lower and upper limits for
continuous variables, means and standard deviations were obtained using the method proposed by Wan.11

Fixed and random effects models based on the MantelHaenszel method were built to assess the impact of heterogeneity on results. In the presence of low heterogeneity (<25%), a
ﬁxed-effects model was chosen to compute the outcome. The
presence of outliers was investigated, and their effect sizes were
excluded.
Heterogeneity between studies was quantiﬁed by I2 statistic
and Cochran’s Q test; cut-off values of 25%, 50%, and 75% were
considered as low, moderate, and high, respectively.12 Sensitivity
analyses were conducted after inspecting patterns of effect sizes
and heterogeneity of the included studies. To identify studies
overly contributing to heterogeneity, Graphic Display of Heterogeneity (GOSH) plots were developed, and sensitivity analysis
was conducted excluding studies predominantly responsible for
heterogeneity.

Figure 1 Flow-chart depicting the overall review process according to PRISMA guidelines
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Funnel plots were developed to explore publication bias and
Egger’s test of the intercept was used to quantify funnel plots’
asymmetry when feasible.
Statistical analysis was conducted with R statistical software
(The Comprehensive R Archive Network – CRAN, ver. 4.0.0
x64),13 using “meta”, “metafor”, “robvis” and “dmetar”
packages.14–17

Results
Descriptive noncomparative analysis of included
studies and primary endpoint
After the literature search, we included 13 studies18–30 in the
qualitative and quantitative analysis.
The ﬂow-chart resuming the systematic review process is
available in Fig. 1.
In total, 1098 patients were included in the meta-analysis.
Patients’ characteristics are reported in Table 1.
Primary endpoint analyses
Postoperative mortality
Eleven studies18–20,22–27,29,30 were included in this analysis. A
beneﬁt in postoperative mortality for the PDO group was

highlighted; however, this was not signiﬁcant (RR = 0.88, 95%
CI: 0.54–1.45, p = 0.624, I2: 12.6%).
We also performed a subgroup analysis exploring the difference in the overall effect on postoperative mortality depending
on the PDO technique without identifying signiﬁcant when
comparing patients undergoing duct suture to patients with
pancreatic anastomosis (RR = 0.97, 95% CI: 0.48–1.96,
p = 0.9229, I2: 0%). Subgroup analysis considering patients who
had duct sealing showed an overall effect in favor of the PDO
subgroup although this was not signiﬁcant (RR = 0.75, 95% CI:
0.26–2.11, p = 0.5828, I2: 40%). The study by Marczell et al.23
was the only contributor to heterogeneity according to GOSH
plots. Sensitivity analysis conﬁrmed no signiﬁcant difference in
postoperative mortality between the sealant and the control
group (RR = 1.03, 95% CI: 0.50–2.14, p = 0.9372, I2: 0%)
(Fig. 2). Still, no signiﬁcant difference was found in postoperative
mortality between the sealant and the suture subgroup
(p = 0.8328).
The meta-analysis of proportion pointed out 8% postoperative
mortality in the PDO group (95% CI: 6–12, I2: 21%). After
sensitivity analysis excluding the studies by Papachristou et al.,18
Marczell et al.,23 Tran et al.25 et Thedosopoulos et al.,29 6%
postoperative mortality (95% CI: 3–11, I2: 0%) resulted.

Table 1 Detailed characteristics of the included studies
Author

Year Country

Occlusion
technique

Occlusion mean, n

N

M/F

Age

Indication
Benignant Malignant
n

PDAC BDAC PapAC Other

Papachristou et al.

1980 USA

Suture

Duct ligation, 43

76

NR

NR

0

76

NR

NR

NR

Rovati et al.

1984 Italy

Sealant

Neoprene + duct ligation, 17 63

NR

NR

NR

–

NR

NR

NR

NR

Marczell et al.

1992 Austria

Suture/Sealant

Duct ligation, 10

NR

NR

0

64

24

5

15

0

Marcus et al.

1995 USA

Suture

58.5 ± 13

27

87

32

10

22

23

Tran et al.

2002 Netherlands/ Sealant
Italy

64

NR

Tisseel + duct ligation, 44
Duct oversewing, 19

105 69/45

Ethibloc + duct ligation, 18

169 105/64 59.5

19

150 99

0

44

6

Tissucol + duct ligation, 23
Neoprene + duct ligation, 45

Felekouras et al.

2004 Greece

Suture

Duct oversewing, 16

39

25/14

63.9

4

35

23

2

8

2

Farsi et al.

2004 Italy

Sealant

Cyanoacrylate + duct
oversewing, 15

44

23/21

66.7

3

41

26

2

10

3

76

NR

NR

NR

NR

NR

NR

NR

NR

65/28

64

6

87

60

7

20

0

Prolamine + duct
oversewing, 7
Benzoni et al.

2008 Italy

Suture/Sealant

Duct oversewing, 11
Duct stapling, 24
Neoprene, 17

Theodosoupoulos
et al.

2013 Greece

Suture

Duct stapling and
oversewing, 37

93

Tersigni et al.

2014 Italy

Sealant

Glubran, 33

150 89/61

61.2 ± 10

0

150 110

14

19

7

Mezza et al.

2015 Italy

Sealant

Glubran, 24

50

23/27

63 ± 13

0

50

0

0

50

0

Gonzalez-Heredia
et al.

2018 USA

Sealant

Cyanoacrylate + duct
oversewing, 18

69

37/32

61.8 ± 13.3 NR

NR

NR

NR

NR

NR

Mazzaferro et al.

2019 Italy

Sealant

Neoprene + duct
oversewing, 51

100 54/46

66.3

100 65

14

9

12
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Considering the PDO with suture group only, the prevalence
of postoperative mortality was 9% (95% CI: 3–27, I2: 11%). For
the sealant PDO group the prevalence of postoperative mortality
was 6% (95% CI: 4–10, I2: 0%). No signiﬁcant difference was
found in postoperative mortality prevalence between subgroups
(p = 0.5990).
POPF
The analysis was performed on 12 studies.18–22,24–30 Patients
undergoing pancreatic anastomosis showed a signiﬁcant beneﬁt
(RR = 2.41, 95% CI: 1.32–4.38, p = 0.0041, I2: 77%). GOSH
plots displayed that the studies by Marcus et al.24 and Thedosopoulos et al.29 contributed the most to heterogeneity. Anyway,
their exclusion did not considerably reduce overall heterogeneity
which remained high. A signiﬁcant beneﬁt for the control group
was conﬁrmed (RR = 2.38, 95% CI: 1.46–3.87, p = 0.0005, I2:
60%) (Fig. 3).
The comparison between duct suture group and anastomosis
group highlighted a beneﬁt for the latter despite this was not
signiﬁcant (RR = 2.09, 95% CI: 0.59–7.38, p = 0.2534, I2: 87%).
Sensitivity analysis conﬁrmed this result (RR = 1.89, 95% CI:
0.91–3.92, p = 0.0888, I2: 42%). On the other hand, a signiﬁcant
overall effect was found in favor of the anastomosis group
compared to the sealant group (RR = 2.40, 95% CI: 1.33–4.30,
p = 0.0035, I2: 66%). Based on GOSH plot analysis, the study by

Mazzaferro et al.22 was excluded to decrease heterogeneity. The
signiﬁcant beneﬁt for the control group was conﬁrmed
(RR = 2.86, 95% CI: 1.65–4.95, p = 0.0002, I2: 55%). No signiﬁcant difference was highlighted between the two subgroups
(p = 0.3724).
In the PDO group, the meta-analysis of proportion showed
28% (95% CI: 17–42, I2: 68%) rate of POPF.
Subgroup analysis showed a POPF prevalence of 35% (95%
CI: 13–67, I2: 89%) for the suture group and of 30% (95%
CI:19–42, I2: 72%) for the sealant group without a signiﬁcant
difference in between-groups prevalence (p = 0.7342).
Secondary endpoint analysis
“Grade C” POPF
Four studies were suitable for analysis.20,22,24,30 No signiﬁcant
overall effect was evidenced (RR = 1.06, 95% CI: 0.13–8.46,
p = 0.9528, I2: 67%).
The meta-analysis conducted after exclusion of the study by
Marcus et al.,24 which represented both a source of heterogeneity and the only study presenting suture of the pancreatic
duct as occlusion technique, highlighted a 3-fold reduced risk
to develop a “Grade C” POPF for the sealant PDO group
compared to the control group. Nevertheless, the difference was
not signiﬁcant (RR = 0.36, 95% CI: 0.10–1.29, p = 0.1186, I2:
8%) (Fig. 4).

Figure 2 Forest plot comparing PDO and pancreatic anastomosis for postoperative mortality with subgroup analysis. Studies included in both

subgroup analysis are indicated with *
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Figure 3 Forest plot comparing PDO and pancreatic anastomosis for all-grades POPF

The prevalence of “Grade C” POPF after meta-analysis of
proportion was 5% (95% CI: 1–15, I2: 44%). While the study by
Marcus et al.24 reported a 16% prevalence of “Grade C” POPF,
the subgroup treated with duct sealing showed a prevalence of
2% (95% CI: 1–8, I2: 0%); this difference was found to be signiﬁcant (p = 0.0219).
Postoperative diabetes
Concerning postoperative diabetes, 9 studies were considered for
analysis.18–20,22,24–27,29 The meta-analysis found a signiﬁcant
overall effect in favor of control group (RR = 2.04, 95% CI:
1.45–2.87, p < 0.0001, I: 0%). Subgroup analysis showed no
signiﬁcant difference when considering the duct suturing group
(RR = 1.17, 95% CI: 0.62–2.24, p = 0.4607, I2: 0%), whereas a
signiﬁcant beneﬁt toward control group was highlighted when

comparing the duct sealing group to the anastomosis group
(RR = 1.61, 95% CI: 2.43–3.65, p < 0.0001, I2: 0%).
Patients undergoing PDO showed 25% of postoperative diabetes (95% CI: 17–33, I2: 50%).
In subgroup analysis, patients who underwent duct suture
presented a prevalence of 11% (95% CI: 4–28, I2: 61%) while
those who had duct sealing had a prevalence of 32% (95% CI:
26–39, I2: 0%). Difference in prevalence between subgroups was
signiﬁcant (p = 0.0264).
Exocrine pancreatic insufﬁciency
Data concerning postoperative exocrine pancreatic function was
available for 6 studies.18,24–27,29 A non-signiﬁcant overall beneﬁt
favoring the control group was found (RR = 1.94, 95% CI:
0.97–3.88, p = 0.0595, I2: 71%). After sensitivity analysis

Figure 4 Forest plot comparing PDO and pancreatic anastomosis for “grade C” POPF with subgroup analysis

HPB xxxx, xxx, xxx

© 2022 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.

Please cite this article as: Chierici A et al., Postoperative morbidity and mortality after pancreatoduodenectomy with pancreatic duct occlusion compared to
pancreatic anastomosis: a systematic review and meta-analysis, HPB, https://doi.org/10.1016/j.hpb.2022.03.015

HPB

7

conducted excluding the study by Marcus et al.,24 the overall
effect diminished (RR = 1.19, 95% CI: 0.94–1.51, p = 0.1510, I2:
10%). No difference was found between subgroups (p = 0.6344).
The estimated proportion of EPI in the PDO group was 28%
(95% CI: 14–49, I2: 84%).
Operative time
Data related to operative time for both experimental and control
group was made explicit in 5 studies.22,25–27,29 Patients undergoing PDO had a signiﬁcant shorter operative time
(MD = −28.33, 95% CI: −39.85 to −16.81, p < 0.0001, I2: 31%).
PPH, DGE, LOS and intraoperative estimated blood
loss
Concerning PPH, nine studies were eligible for analysis.20,22,24–30
The comparison between groups failed to show any signiﬁcant
difference in the incidence of PPH (RR = 1.16, 95% CI:
0.65–2.10, p = 0.6116, I2: 0%).
Data regarding DGE was available for 4 studies.20,22,27,29 Our
meta-analysis did not highlight any signiﬁcant difference between experimental and control group (RR = 1.04, 95% CI:
0.63–1.71, p = 0.8775, I2: 0%).
Five studies20,22,25,26,29 reported data for length of stay. No
signiﬁcant difference was found between groups (MD = −2.00,
95% CI: −4.95 – 0.94, p = 0.1829, I2: 92%).
For intraoperative estimated blood loss, we included 3
studies.22,25,27 Meta-analysis of continuous outcomes did not
show any difference between the two groups in terms of mean
estimated blood loss (ml) (MD = −25.78, 95% CI: −68.98 –
17.42, p = 0.2421, I2: 62%).
Assessment of publication bias
Contour-enhanced funnel plots were generated for postoperative
mortality and POPF meta-analysis. In both cases, Egger’s test of
the intercept did not indicate the presence of funnel plot
asymmetry.
Risk of bias assessment
Risk of bias assessment detected serious risk of bias in 8 studies.
In all cases it was related to bias due to confounding (Fig. 5).

Discussion
This study was designed to evaluate postoperative complications
after PD with PDO compared to PD with anastomosis of the
pancreatic stump either to jejunum or the stomach.
This meta-analysis showed a beneﬁcial role of pancreatic
anastomosis compared to PDO regarding POPF incidence,
without any difference in terms of postoperative mortality between the two techniques. However, further details need to be
discussed taking into account the results of the other analyses.
First, according to the 2016 update of the International Study
Group on Pancreatic Surgery (ISGPS) on the deﬁnition and
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grading of POPF,3 grade A POPF, has been deﬁned as biochemical
leak (BL). This occurrence should no longer be considered as a
pancreatic ﬁstula because it has by deﬁnition no clinical impact,
and it causes no deviation in the normal postoperative pathway.
Although our meta-analysis evidenced a 2-fold increased risk of
POPF in case of PDO (RR = 2.38), which is even more increased
in case of PDO with sealants (RR = 2.86), chemical duct occlusion
presented an important protective tendency toward “grade C”
POPF (RR = 0.36), albeit not signiﬁcant. This result could have
important implications. “Grade C” POPF is qualiﬁed as a “grade
B” POPF leading to clinical instability requiring reoperation,
organ failure or ﬁstula related death3; postoperative mortality
occurs in one third of patients who develop a “grade C”
POPF.3,31,32 After PD, overall risk of “grade C” POPF is 3–5% but
when elevated ﬁstula risk score (FRS) is identiﬁed, the incidence
of this feared complication is 25%.33 Our analysis highlighted that
PDO through Wirsung’s duct chemical sealing increases the risk
of POPF but without an increase in postoperative mortality and
with a very low prevalence of “grade C” POPF (2%). If the protective tendency of chemical PDO towards “grade C” POPF was
conﬁrmed, this technique could be a useful choice for those patients with a high risk of clinically relevant POPF in order to
reduce morbidity and mortality.
Moreover, an increased risk of postoperative DM (RR = 1.61)
has been pointed out for patients undergoing chemical PDO.
This ﬁnding can be explained by the disruptive effect of PDO on
endocrine pancreatic architecture, resulting in pancreatic anastomosis as the best choice to avoid this speciﬁc complication.
Recent studies conducted in pancreatic surgery referral centers34–36 have demonstrated that, in patients deemed intraoperatively at high risk of POPF, total pancreatectomy is still
considered a wise or even recommended choice. These patients
are obviously destined to postoperative pancreatogenic diabetes
that is known to lead to serious consequences: 25% 1-year
prevalence of de novo steatohepatitis,37 heavy quality of life
impairment,36,38 13–27% of long-term diabetes-related complications and 1.6% of diabetes-related mortality.38 Chemical
PDO for this speciﬁc subgroup of patients could reduce the
incidence of postoperative DM to 25%, with consequent favorable effect on DM-related morbidity, with a 2% prevalence of
“grade C” POPF.
Furthermore, the analysis of secondary endpoints showed no
differences in terms of PPH, DGE and EPI. Regarding the latter,
it is deﬁned as weight loss and/or steatorrhea without enzymatic
implementation. The meta-analysis by Giglio et al.6 already
underlined that the prevalence of postoperative EPI during the
ﬁrst 12 months does not differ between patients undergoing
PDO or pancreatic anastomosis and our results conﬁrm this
ﬁnding. This could be related to compensative mechanisms and
to the presence of other factors, such as postoperative pancreatic
stump ﬁbrosis and hormonal impairment due to the gastroduodenal resection, that negatively affect the pancreatic exocrine
function in both groups.
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Figure 5 Risk of bias barplot with details of risk of bias for each bias domain

Lastly, meta-analysis of continuous outcomes showed no differences in LOS. This conﬁrms that PDO is responsible for an
increased rate of postoperative DM and of POPF, but it is not
burdened by speciﬁc complications that can lead to prolonged
hospitalization. Operative time, as expected, is shortened by
avoiding pancreatic anastomosis.
Simple suture of the pancreatic duct without anastomosis
reduces the incidence of pancreatogenic DM if compared to
chemical PDO but is associated with an increased risk of allgrades POPF and it is no longer considered a valuable option.
In light of the aforementioned considerations, pancreatic
anastomosis represents the gold standard technique when
performing a PD, especially in case of low to moderate POPF risk
score. On the other hand, chemical PDO could be considered a
safe option when the elevated risk of ﬁstula would make the
surgeon lean toward a total pancreatectomy: the minimal increase in morbidity related to the rare cases of grade C POPF
would be compensated by a broad reduction in prevalence of
postoperative EPI and DM with their important contribution to
quality-of-life impairment, morbidity and mortality. Further
high-quality studies are needed to investigate the perspectives of
PDO compared to pancreatic anastomosis in the setting of high
grade ﬁstula risk score.
Strengths and limitations
This meta-analysis is based on a strict methodology. The identiﬁcation of studies responsible for high heterogeneity through
GOSH plot analysis, allowed us to select only those truly
contributing to the effect estimate for the subsequent sensitivity
analyses. Moreover, to the best of our knowledge, the present
study is the ﬁrst meta-analysis focusing on postoperative

HPB xxxx, xxx, xxx

morbidity and mortality of patients undergoing PD with PDO
compared to PD with pancreatic anastomosis.
However, the present study has several limitations. First, it is
based on a small number of quite heterogenous studies. In
between-study difference depends on many variables: mainly, the
use of different techniques and instruments to perform PDO and
the technical improvement that has been achieved over time.
Nevertheless, focusing on sealant agents, no signiﬁcant difference
in efﬁcacy has been proved among different products and no
substantial improvements have been fulﬁlled since their ﬁrst use.
Although advanced inﬂuence analysis allowed us to investigate a
more homogeneous populations, intrinsic between-study heterogeneity persists and may affect our results. As a matter of fact,
most of the studies do not report a POPF risk score assessment for
patients undergoing either anastomosis or PDO which can deeply
affect the management of the pancreatic stump and the POPF rate;
for example, a hard pancreatic stump with a large pancreatic main
duct, which represent the principal protective factors toward
POPF, would induce the surgeon to perform an anastomosis.
Intervention assignment is burdened by a bias of selection because
PDO is performed only in high ﬁstula risk patients. Moreover, the
rate of the other main postoperative complications is inﬂuenced
by many different factors (e.g.: the extension of the resection, the
patients’ comorbidities and health general status) that contribute
to increase heterogeneity as well.
Another major drawback is represented by the retrospective
nature of most of the included studies and by the unblinding: this
is one of the most common limitations that burden surgical
studies; nonetheless, it is hard to suppose that it could inﬂuence
outcomes, especially when disruptive ones such as mortality,
PPH or POPF come into being.

© 2022 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Conclusion

Chapter 25: assessing risk of bias in a non-randomized study (updated

Chemical PDO is associated with an increased incidence of POPF
with no differences in postoperative mortality compared to
pancreatic anastomosis. When considering “grade C” POPF, no
difference is highlighted between the two techniques and even a
protective tendency of chemical PDO results, although not
signiﬁcant.
Further high-quality prospective studies are needed to investigate these results. If conﬁrmed, they could open new perspectives for patients undergoing PD with high risk of POPF.
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