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Abstract

Backgrounds The use of drains in pancreatic surgery remains controversial. The present study investigated postoperative
outcomes in patients undergoing minimally invasive distal pancreatectomy (MIDP) without intraperitoneal drain placement.
Methods Data of consecutive patients undergoing MIDP between 2013 and 2023 were prospectively collected. Patients
were divided in drain group (DG), including patients with prophylactic abdominal drain placed, and no-drain group (NDG)
including those without drain. The groups were compared in terms of postoperative outcomes, using a propensity score-
matched analysis.

Results 116 patients were selected. After matching, DG and NDG consisted of 29 patients each. The rates of POPF and
abdominal collection were lower in NDG in comparison to DG (3.4% vs. 27.6%, p 0.025 and 3.4% vs. 31.0%, p 0.011,
respectively). The length of stay was significantly shorter in the NDG (5 vs. 9 days, p <0.001). No difference between the
groups was found for other outcomes.

Conclusion Drain omission was associated with lower rates of POPF and abdominal collections, as well as shorter hospital
stays, not affecting the rate of severe complication, reoperation and readmission.
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Routine abdominal drain placement is a common practice
after pancreatic surgery; an international survey among
experienced pancreatic centers reported that almost 70% of
surgeons always use a drain while only 5% never use it [1].

Traditionally, intraperitoneal drains have been used with
the twofold rationale of early diagnosing postoperative pan-
creatic fistula (POPF) and reducing the need for postopera-
tive percutaneous drainage by evacuating blood, pancreatic
juice, or chyle [2, 3].

However the use of drains in pancreatic surgery still
remains controversial, reflecting the great heterogeneity
in their management in terms of positioning or omitting,
time point and cut-off values of testing for removal [4]. This
uncertainty has been fueled by conflicting trial results, with
some studies advising against drain placement and others
considering it mandatory [5—7]. One of the main limits of
these studies was to frequently combine results of both,
patients undergoing pancreaticoduodenectomy and distal
pancreatectomy (DP), despite the unequal risk of complica-
tions and mortality between these operations, mainly due to
the different pathophysiology and evolution of POPF, sug-
gesting the need for different drain policies.

According to the International Study Group of Pancreatic
Surgery (ISGPS) Evidence Map of Pancreatic Surgery, many
systematic reviews and three randomized controlled trial
investigating drain omission after DP were published [8].

A recent metanalysis, found that drain omission was asso-
ciated with a lower rate of major complications, POPF, and
readmissions [9]. Interestingly the majority of patients in
whom drain was omitted had undergone minimally invasive
approach, showing a tendency to avoid drain in the context
of minimally invasive surgery [10].

Minimally invasive surgery is considered less traumatic
and with a lower risk of postoperative surgical site infec-
tions as compared to open surgery [11-13]. In that setting,
the presence of a drain could potentially lead to a major
risk of abdominal infection, thus increasing the frequency of
POPF. Otherwise, due to the lower formation of peritoneal
adhesions that can keep localized an abdominal collection,
minimally invasive surgery could determine worse POPF
evolution [14].

The aim of the present study was to investigate postop-
erative outcomes in patients undergoing minimally invasive
distal pancreatectomy (MIDP) without intraperitoneal drain
placement.

Materials and methods
Study overview

Data of consecutive patients undergoing MIDP for all indi-
cations, between 2013 and 2023 at our institution, were
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prospectively collected using an IRB approved database
(217-29042020) and retrospectively analyzed.

Patients in whom DP was performed as a secondary pro-
cedure during gastric or colonic resection and those receiv-
ing colonic or liver resection in association with DP were
excluded.

Since 2011, laparoscopy has been the preferred approach
in all patients undergoing DP except for those with preop-
eratively known major vascular involvement (excluding
splenic vessels) and anesthesiological contraindication to
pneumoperitoneum. The robotic approach was introduced
in our practice in February 2022, after an adequate learning
curve in other fields of surgery (colorectal, oesophagogas-
tric), and has rapidly become the only minimally invasive
approach for DP.

For benign and premalignant lesions, DP with spleen-
preservation (SPDP) according to the Kimura technique
was usually attempted [15]; otherwise a DP with splenec-
tomy (DPS) was performed. In patients with a suspicion
of pancreatic adenocarcinoma a radical antegrade modular
pancreatosplenectomy (RAMPS) procedure was usually
performed [16].

The technique adopted for MIDP and the perioperative
patient’s management were previously described [17] and
here shortly described. They remained the same during the
study period, without relevant changes. After the peritoneal
cavity was entered, the operations were performed with the
same steps regardless of the type of approach (laparoscopic
or robotic). DP was always performed with a medial to lat-
eral approach. Pancreatic transection was performed using
a 60-mm stapler with Tri-Staple technology™ reinforced
with polyglycolic acid (bioabsorbable staple line reinforce-
ment; Gore Seamguard™). Splenic vessels were sectioned
using a vascular stapler or clips (Teleflex Hem-o-Lok™),
when indicated.

Until 2021, an external closed passive drain (Jackson-
Pratt™) was always positioned close to the transected pan-
creas; since January 2022, drain was routinely omitted in
all patients except in selected cases for which the surgeon
deemed it indicated.

In the early postoperative period, the patients received
daily blood tests, continuous vitals assessment, and fre-
quent clinical evaluations. According to internal protocol,
a near-zero liquid balance was applied. When positioned,
the abdominal drain was removed on postoperative (POD)
3 if drain amylases at POD 1 were less than 5000 U/L and it
did not show a sinister appearance. Somatostatin analogues
were not routinely used. The patient was mobilized the day
after surgery. A liquid diet on POD 1 and a solid diet the day
after were offered if tolerated.

The study protocol followed the ethical guidelines
of the 1975 Declaration of Helsinki (as revised in Brazil
2013). Results are reported according to Strengthening



Surgical Endoscopy

the Reporting of Observational Studies in Epidemiology
(STROBE) [18].

Variables and definitions

Preoperative patient data included sex, age, Charlson
Comorbidity Index (CCI), ASA score, ECOG status, BMI,
type of pathology, neoadjuvant treatment received and
tumor location. The diameter of the main pancreatic duct
and the pancreatic thickness were measured on the last pre-
operative computed tomography (CT), at the level of the
presumed pancreatic section. Operation-related parameters
were: conversion rate, operative time, associated procedures,
estimated blood loss and drain placement. Conversion from
MIDP to open surgery was defined as the need to complete
the intervention by any type of laparotomy [19]. Intraopera-
tive distal fistula risk score (D-FRS) [20] was calculated for
each patient; high risk patients were considered those with
Wirsung diameter >3 mm and pancreatic thickness > 19 mm
[21].

Length of postoperative stay was defined as the number
of nights spent in the hospital from the day of the surgical
procedure until discharge. Postoperative complications were
recorded at 90 days and graded according to the Clavien-
Dindo classification [22]; those graded > 3 were considered
severe. Abdominal collection was defined as any postopera-
tive fluid collection not clearly related to bleeding, diagnosed
by CT scan, associated with symptoms such as abdominal
pain, pressure sensation or inflammatory signs (fever > 38
°C, leukocytosis, heart rate > 90 bpm, respiratory rate > 20/
min, elevated C reactive protein and procalcitonin) needing
a conservative antibiotic therapy or interventional treatment
(endoscopy, percutaneous drainage, reoperation).

Pancreas-specific complications were recorded sepa-
rately following the indications by the ISGPS [23-25]; con-
sequently only clinically relevant POPFs were considered
(namely grade B and C POPFs), while grade A POPFs were
not taken into account. Whenever a postoperative percutane-
ous abdominal drainage was positioned, the amylase concen-
tration in the drain fluid was measured.

Study endpoint

The primary endpoint was severe complication rate (Cla-
vien-Dindo score > 3) after DP in patients with (DG) and
without (NDG) prophylactic abdominal drain. The second-
ary endpoints were overall complication, POPF, delayed
gastric emptying, postpancreatectomy hemorrhage, abdomi-
nal collection, reoperation, length of stay, readmission and
mortality.

Statistical analysis

Data are expressed as median and interquartile range and
number and relative percentage. The normal distribu-
tion of continuous variables was assessed with the Shap-
iro—Wilk test. Univariate analysis was performed, and con-
tinuous variables were analyzed using the Mann—Whitney
test, while categorical variables using the Fisher exact test
or Chi-Square test, as appropriate. Multivariate logistic
regression was carried out to identify variables indepen-
dently associated with severe complications after MIDP:
variables with p <0.05 at univariate analysis were included
in the multivariate model, using Firth’s correction for rare
events. To reduce the bias arising from selection and lack
of randomization, a propensity score-matched (PSM) [26]
was runned, with a 1:1 nearest-neighbor matching and a
caliper of 0.1. Significant variables (p <0.1) at univariate
analysis and the ones known to affect the outcome were
used to run the matching: BMI, CCI, ASA (>2), D-FRS.

All statistical tests were two-sided and p values <0.05
were considered significant. Data analysis was performed
using SPSS®, Version 24.0 (IBM).

Results
Patient selection

In the study period, 174 patients underwent DP and 120 of
these were treated by a minimally invasive approach. After
exclusion of 4 patients, due to associated resection, 116
patients were selected. Among these, 87 patients received
a prophylactic intraoperatively placed abdominal drainage,
while in 29 the drain was not placed. Only in one patient,
despite being operated during the drain omission period
(after 2022), the drain was positioned due to the surgeon's
personal decision and thus was considered in the DG.

Patient demographics and baseline characteristics

Baseline patients characteristics before and after PSM
are shown in Table 1. In the whole population there were
57 females (49.1%), median age was 66 years (54-75),
median BMI was 24.7 (22.5-26.6), and median CCI was
4 (2—-6). The majority of patients had an ASA score 2 and
an ECOG PS status 0 (50.9% and 67.2%, respectively). At
final pathology, the more frequent diagnosis was mucinous
cystic lesion and NET (33.6% and 25.0%, respectively).
Using PSM, all 29 patients of the NDG were matched with
29 patients of the DG. No difference was found between
the groups in terms of baseline characteristics either
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Table 1 Baseline characteristics of patients undergoing MIDP before and after propensity score matching

DG (n 87) NDG (n 29) 4 DG (n 29) NDG (n 29) P
Gender (female) 41 (47.1) 16 (55.2) 0.453 13 (44.8) 16 (55.2) 0.430
Age (years)* 64 (53-74) 71 (64-76) 0.391 62 (52 -79) 71(64-76) 0.234
BMI (kg/m2)* 24.5 (22.6-26.6) 24.8 (21.5-26.5) 0.391 24.3 (21.6-27.1) 24.8(21.5-26.5) 0.833
CCI* 4 (2—6) 5@ 0.052 4 (1-7) 547 0.237
ASA>2 21(24.1) 11(37.9) 0.158 9(31.0) 11(37.9) 0.580
ECOG 0.348 0.127
0 56 (64.4) 22 (75.9) 15(51.7) 22(75.9)
1 27 (31.0) 7(24.1) 13(44.8) 7(24.1)
2 4(4.6) 00 1(3.4) 0(0.0)
Previous surgery 49 (56.3) 19 (65.5) 0.514 16(55.2) 19 (65.5) 0.420
Final pathology 0.754 0.794
IPMN and MCN 27 (31.1) 12 (41.4) 10(34.6) 12 (41.4)
PanNET 23 (26.4) 6 (20.7) 7(24.2) 6 (20.7)
Carcinoma 20 (23.1) 8 (27.6) 6(20.7) 8 (27.6)
Metastasis 5(5.7) 2(6.9) 1(3.4) 2(6.9)
SCA 3(33.4) 1(3.4) 1(3.4) 1(3.4)
SPN 2(2.3) 0(0) 1(3.4) 0(0)
Other 7(8.0) 0(0) 3(10.3) 0(0)
Neoadjuvant chemotherapy 22.3) 1(3.4) 1.000 1(3.4) 1(3.4) 1.00
Tumor location (Body) 37 (42.5) 14 (48.3) 0.589 14(48.3) 14(48.3) 1.00
D-FRS 0.587 0.263
Low risk 28 (32.2) 12 (41.4) 9(31.0) 12(41.4)
Intermediate 27 (31.0) 9(31.0) 6(20.7) 9(31.0)
High risk 32 (36.8) 8 (27.6) 14(48.3) 8(27.6)

Values in parenthesis are percentages unless indicated otherwise

“Numbers are expressed as median and IQR

MIDP Minimally invasive distal pancreatectomy, DG drain group, NDG no-drain group, BMI body mass index, CCI Charlson comorbidity
index, ASA American Society of Anesthesiologist, ECOG eastern cooperative oncology group, /PMN intraductal papillary mucinous neoplasm,
MCN mucinous cystic neoplasm, PanNET pancreatic neuroendocrine tumor, SCA serous cystadenoma, SPN solid pseudopapillary tumor, D-FRS

distal-fistula risk score

before or after PSM. In particular, after PSM, the groups
did not show differences concerning D-FRS, and high risk
patients were 48.3% and 27.6% (p 0.263) in DG and NDG,
respectively.

Operative and postoperative outcomes

Perioperative outcomes of the whole cohort are shown in
Table 2. The conversion rate was 5.2% (6 patients); all but
one conversions were due to oncological reasons or techni-
cal difficulty (major vascular involvement needing vascular
resection), with no urgent conversions for acute bleeding.
One patient needed conversion for intraperitoneal adhesions.
The overall complication rate was 37.1%, being higher in the
DG (42.5 vs. 20.7%, p 0.035). POPF rate was 16.4% in the
overall cohort; it was lower in NDG in comparison to DG
(3.4% vs. 20.7%, p 0.039). In DG, grade B POPF occurred
in 17 patients and was treated by endoscopy (6 patients),
percutaneous drainage (1 patients), both of them (5 patients)
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and by maintaining surgically placed peritoneal drainage
(5 patients). One patient experienced grade C POPF and
required reoperation. In NDG only 1 grade B POPF occurred
and was treated by percutaneous drainage. An abdominal
collection was detected in 20 (17.2%) patients and it was
associated with POPF in 59% of cases. A significant lower
rate of abdominal collection was found in NDG as compared
to DG (21.8% vs. 3.4%, p 0.023). The length of stay was sig-
nificantly shorter in the NDG (5 vs. 9 days, p <0.001). Four
patients in DG were reoperated due to postoperative bleed-
ing requiring lavage and drainage and one due to colonic
perforation needing resection and anastomosis. Mortality
rate was 1.7% not differing between the groups; 1 death was
observed in each group, due to late postoperative uncon-
trolled bleeding (POD 15) and acute heart failure (POD 17),
in NDG and DG, respectively.

Perioperative outcomes of patients after PSM are shown
in Table 3. The groups did not differ in terms of performed
surgery, RAMPS and conversions. No difference between
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Table 2 Perioperative
outcomes of patients before
propensity score matching

Overall cohort (n 116) DG (n 87) NDG (n 29)

Performed surgery 0.386

DPS 72 (62.1) 56 (64.4) 16 (55.2)

SPDP 44 (37.9) 31 (35.6) 13 (44.8)
Associated procedures 17 (14.6) 14 (16.1) 3(10.3) 0.552
RAMPS 23 (19.8) 15(17.2) 9 (31.0) 0.121
Duration of surgery (min)* 267 (226-322) 265 (225-330) 270 (225-295) 0.668
Conversion 6(5.2) 6(6.9) 0(0) 0.334
Blood loss (ml)* 175 (92-300) 180 (100-280) 100 (50-350) 0.086
Overall complication 43 (37.1) 37 (42.5) 6 (20.7) 0.035
Severe complication (Clavien 24 (20.7) 21 (24.1) 3(10.3) 0.183

Dindo > 3)
POPF (Grade B-C) 19 (16.4) 18 (20.7) 1(3.4) 0.039
DGE (Grade A) 434 4 (4.6) 0(0) 0.570
PPH (Grade B-C) 6(5.2) 4(4.6) 2(6.9) 0.638
Abdominal collection 20 (17.2) 19 (21.8) 1(3.4) 0.023
Reoperation 54.3) 5(5.7) 0 0.329
Length of stay (days) 8 (6—12) 9 (7-14) 5 (4-6) <0.001
Readmission 12 (10.3) 9(10.3) 3(10.3) 1.000
Mortality 2(1.7) 1(1.1) 1(3.4) 0.439

Values in parenthesis are percentages unless indicated otherwise

“Numbers are expressed as median and IQR

SPDP Spleen preserving distal pancreatectomy, DPS distal splenopancreatectomy, RAMPS Radical ante-
grade modular pancreatosplenectomy, POPF Postoperative pancreatic fistula, DGE delayed gastric empty-
ing, PPH postpancreatectomy hemorrhage

the groups was found in terms of median duration of surgery
and blood loss (260 vs. 270 min and 180 vs. 100 ml, in DG
and NDG, respectively). The rates of overall and severe
complication were lower in the NDG (20.7% vs. 44.8%, p
0.050 and 10.3 vs. 24.1, p 0.164), but not reaching statisti-
cal significance. The rates of POPF and abdominal collec-
tion were lower in NDG in comparison to DG (3.4% vs.
27.6%, p 0.025 and 3.4% vs. 31%, p 0.011, respectively).
No difference between the groups was found in terms of
delayed gastric emptying, postpancreatectomy hemorrhage
and reoperation. The length of stay was significantly shorter
in the NDG (5 vs. 9 days, p <0.001), while no difference was
observed between the groups in terms of readmission and
mortality (13.8% vs. 10.3%, p 0.686 and 0 vs. 3.4% in DG
and NDG, respectively).

Risk factors for severe complications

At univariate analysis (Table 3), ECOG PS (>2) was
detected as possible risk factors for severe complications
(p<0.027). That variable, together with the presence of a
drain, was included in the logistic regression. At multivari-
able analysis, ECOG PS (>2) was the only independent
predictor of severe postoperative complications (Table 4).

Discussion

The current PSM retrospective study found no significant
difference in terms of 90-day overall and severe postopera-
tive complications, mortality, reoperations and readmissions
among patients undergoing MIDP with or without prophy-
lactic abdominal drainage. Patients in whom drainage was
omitted experienced fewer POPF, and abdominal collec-
tions, as well as a shorter length of hospital stay. Variables
associated with postoperative severe complications were
also investigated, revealing that ECOG PS, but not prophy-
lactic abdominal drainage, was the sole factor associated
with such complications.

Pancreatic surgery has evolved significantly over recent
decades, with increasing emphasis on improving patient
outcomes and minimizing postoperative complications
which can still occur at rates as high as 50% even in high-
volume centers [27]. MIDP is a well established procedure
for the treatment of benign and even malignant pancreatic
lesions [28]. Thanks to the advantages of a minimally inva-
sive approach, consisting in a less traumatic surgery, MIDP
demonstrated better short term outcomes, such as shorter
hospital stay and reduced blood loss, in comparison to open
DP, without jeopardizing oncologic outcomes [29]. However
MIDP has not shown superiority over open DP in terms of
severe complications and POPF.
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Table 3 Perioperative outcomes of patients after propensity score
matching

DG (n 29) NDG (n29) p

Performed Surgery 0.420

DP 19(65.5) 16(55.2)

DPS 10(34.5) 13(44.8)
RAMPS 4(13.8) 9(31.0) 0.115
Duration of Surgery 260(213-310) 270(225-295) 0.785

(min)*
Conversion 3(10.3) 0(0.0) 0.237
Blood Losses (ml)* 180(95-275)  100(50-350) 0.248
Overall Complication 13(44.8) 6(20.7) 0.050
Clavien Dindo >3 7(24.1) 3(10.3) 0.164
CR-POPF 8(27.6) 1(3.4) 0.025
DGE (Grade A) 1(3.4) 0(0.0) 0.313
PPH (Grade B-C) 1(3.4) 2(6.9) 0.553
Abdominal collection 9(31.0) 1(3.4) 0.011
Reoperation 2(6.9) 0(0.0) 0.150
Length of Stay (days)* 9(6-14) 5(4-6) <0.001
Readmission 4(13.8) 3(10.3) 0.686
Mortality 0(0.0) 1(3.4) 0.313

Values in parenthesis are percentages unless indicated otherwise
“Numbers are expressed as median and IQR

DP Distal pancreatectomy, DPS distal pancreatectomy with sple-
nectomy, RAMPS radical antegrade modular pancreatosplenectomy,
CR-POPF clinically relevant postoperative pancreatic fistula, DGE
delayed gastric emptying, PPH postpancreatectomy hemorrhage

One of the main differences between minimally inva-
sive and open surgery is the reduced contamination of the
surgical field due to avoidance of large incisions, minimal
bowel manipulation and retraction, and decreased exposure
to room air. This advantage could be compromised by the
placement of a prophylactic drain, which establishes a con-
nection between the external and intraperitoneal environ-
ments, thereby increasing the risk of ascending infections
[13]. A multicenter retrospective study comparing routine
drain versus no drain after DP revealed a high rate of drain
omission (92.4%) in patients undergoing MIDP, compared
to those undergoing open DP (41.7%). This suggests that
surgeons were likely to feel more confident and less reluc-
tant in omitting drains in patients undergoing MIDP [10].
Consequently, the present study exclusively focused on
MIDP (both robotic and laparoscopic), hypothesizing that
the potential advantage of drain omission would be more
pronounced in patients treated by a minimally invasive
approach, where omitting drains, given the reduced risk of
abdominal infection, may outweigh the potential benefits of
drain placement.

The debate on routine abdominal drainage after DP has
persisted for many years [5]. While many surgeons advo-
cated for abdominal drainage to evacuate blood, pancreatic
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juice, or chyle, or to prevent the formation of abdominal
collections, studies have shown that the incidence of fluid
collections at the resection margin in patients undergoing
DP with prophylactic abdominal drainage was 43% at the
first postoperative control. Surprisingly, the majority of
these collections just caused little or mild symptoms and
resolved without specific therapy, while only 9% of patients
required specific treatments [30]. Thus fluid collection per
se should not be considered as a problem, unless clinically
relevant. In the present study, abdominal collections were
found in 31.0% of patients with a higher incidence in the DG
as compared to the NDG (31.0% vs. 3.4%, p 0.011) indicat-
ing a twofold explanation. Firstly, the low rate of abdominal
collections, compared to previous studies, may be attributed
to our definition, which only considered collections associ-
ated with symptoms and requiring treatment, with no routine
postoperative abdominal imaging scheduled for asympto-
matic patients. Secondly, the presence of the drain itself may
serve as a potential source of contamination for otherwise
sterile collections.

Fluid collections close to the pancreatic stump, realis-
tically maintained by a biochemical leakage, are found in
almost half of patients undergoing DP and are somewhat
considered as a precursor of a POPF; however only 12-25%
of patients actually develop a POPF [30, 31]. A recent obser-
vational study investigating the evolution of abdominal col-
lections after DP without prophylactic abdominal drain
showed that collections were observed in 33% of patients,
but only in 12.5% of cases led to symptoms [32]. Hence not
all collections evolve into POPF and necessitate treatment,
and drain omission could be considered safe in all patients
independently from the risk to develop a collection. Indeed
the presence of a drainage could even be responsible for a
worse evolution of the collection, increasing the incidence
of POPF. Consistently in our study no difference was found
between patients with and without prophylactic abdominal
drain in terms of readmission, suggesting that drain place-
ment appears not to reduce the risk of late complications or
late-onset symptoms.

The rationale for omitting prophylactic drains is mainly
based on the nature of POPF after DP. Differently from pan-
creaticoduodenectomy, pancreatic leakage after DP theoreti-
cally consists of sterile pancreatic juice, since no intestinal
anastomosis is created, and could evolve into an asympto-
matic fluid collection; the presence of a drain, favoring a
communication between the outer and the peritoneal cavity,
could introduce bacteria from outside and trigger ‘drain-
induced’ infections [33, 34]. A retrospective study reported
that surgically placed abdominal drain was dislocated in 39%
of patients following DP at computed tomography scan and
found that dislocation of surgical drains did not negatively
affect postoperative outcomes but had an inverse correlation
with POPF; this suggested a potential detrimental role of
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Table 4 Univariate and
multivariable analyses

of predictors for severe
postoperative complications

Univariate analysis

Multivariate analysis

CD<3 CD2>3 p OR (95% CI) p
Gender (female) 46 (50) 11 (45.8) 0.820
Age (>70) 38 (41.3) 8 (33.3) 0.640
BMI (> 30) 5(.4) 14.2) 1.000
ASA (=3) 26 (28.3) 6 (25) 1.000
ECOG (>2) 1(1.1) 3(12.5) 0.027 0.092 (0.009-0.942) 0.044
Previous surgery 57 (62) 11 (45.8) 0.153
Malignant disease 46 (50) 16 (66.7) 0.145
Neoadjuvant chemotherapy 1(1.1) 2 (8.3) 0.108
Tumor location (Body) 39 (42.4) 12 (50) 0.504
Performed surgery (DSP) 38 (41.1) 10 (42.5) 0.817
RAMPS 21 (22.8) 3(12.5) 0.397
D-FRS 0.151
Low Risk 35 (38) 5(20.8)
Intermediate 25(27.2) 11 (45.8)
High risk 32 (34.8) 8(33.3)
Drain placement 0.183 0.417 (0.113-1.535) 0.188
No drain 26 (28.3) 3(12.5)
Drain 66 (71.7) 21 (87.5)
Conversion 3(3.3) 3(12.5) 0.102
Blood Loss (>300 ml) 21 (22.8) 9 (37.5) 0.190

Values in parenthesis are percentages unless indicated otherwise

BMI Body mass index, ASA American Society of Anesthesiologist, ECOG eastern cooperative oncology
group, DSP distal splenopancreatectomy, RAMPS radical antegrade modular pancreatosplenectomy, FRS

fistula risk score

drains due to retrograde bacterial migration along the drain,
leading to intra-abdominal infections, and longstanding plas-
tic material decubitus on viscera [35].

A recently published randomized clinical trial demon-
strated the safety of a no-drain policy in patients undergo-
ing DP (both open and minimally invasive), showing fewer
severe complications and POPF in patients without routine
drainage [36]. The authors reported that the advantage of
drain omission was more pronounced in low-risk patients,
progressively diminishing in intermediate- and high-risk
patients. Consistently, our study found a lower rate of POPF
in patients without drains, along with a shorter length of
stay and a decreasing trend in overall and severe complica-
tions, confirming the role of POPF as the main driver of
postoperative complications in patients undergoing DP [20].
In the present study a subanalysis for fistula risk was not
performed due to the small sample size; however the groups
did not differ in terms of D-FRS. Moreover, there is still no
widely accepted predictive model for POPF after DP with a
lack of independent external validation and comparison; in
addition D-FRS was developed on a patients cohort having
at least one drain placed close to the pancreatic transection
margin, strongly limiting its validation in a context of no-
drain policy [37, 38].

The present study presents several limitations. Data were
retrospectively analyzed and based on a single-center expe-
rience, potentially limiting their validity in other settings;
however, unlike other PSM studies limited by heterogeneity
due to different drain policy and surgical technique among
different centers, MIDPs were always performed following
the same steps, with the same perioperative management
[10]. In all patients pancreatic parenchymal section was per-
formed using a particular stapler, limiting external validity.
However the ISGPS expert consensus guidelines reported no
difference in the POPF rate between the various techniques
of stump management (handsewn versus stapling versus
energy-based tissue sealing device); this would suggest a
shift of attention from the section of the pancreas, which is
often followed by the development of a collection, regardless
of the strategy used for the section, to the clinical or non-
clinical evolution of the collection [39]. The study period
was slightly long introducing potential bias in terms of tech-
nology, more performing instruments and learning curve
effect. In particular, the shift from laparoscopic to robotic
DP may have introduced a bias; however several recent mul-
ticenter studies showed that both the approaches are com-
parable in terms of major complications and POPF [40, 41].
A potential treatment bias may have been introduced, as the
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drain could be positioned at the surgeon's discretion even in
patients operated during the "no drain policy" period; how-
ever, among these, only one patients had a drain placed, lim-
iting this bias. To minimalize selection bias, a PSM analysis
was run, including BMI, CCI, ASA, D-FRS which are well
known factors able to affect the occurrence of POPF and
complications. Although the diameter of the main pancreatic
duct was measured on preoperative computed tomography
at the level of the presumed pancreatic section, this meas-
urement may not always correspond exactly to that of the
intraoperative section site. Finally, the short time interval
used for recording the results (90 days) may have caused the
loss of some events that occurred later.

In conclusion, our study provides evidence supporting the
safety and feasibility of omitting prophylactic drains after
MIDP. Drain omission was associated with lower rates of
POPFs and abdominal collections, as well as shorter hospital
stays, not affecting the rate of overall and severe complica-
tion, reoperation and readmission. These findings suggest
that routine drain placement may be omitted independently
of patients' risk of POPF; patients who develop complica-
tions can in any case be treated in due time, without com-
promising their safety.

Funding Dr. Michele Mazzola, Dr. Antonio Benedetti, Dr. Alessandro
Giani, Dr. Pietro Calcagno, Dr. Andrea Zironda, Dr. Michele Paterno,
Dr. Alessandro Giacomoni, Dr. Paolo De Martini, Dr. Giovanni Fer-
rari received no financial support for the research, authorship, and/or
publication of this article.

Declarations

Disclosure Michele Mazzola, Antonio Benedetti, Alessandro Giani,
Pietro Calcagno, Andrea Zironda, Michele Paterno, Alessandro Giaco-
moni, Paolo De Martini, Giovanni Ferrari have no conflicts of interest
to disclose.

References

1. Pergolini I, Schorn S, Goess R, Novotny AR, Ceyhan GO, Friess
H, International Pancreatic Surgery Centers, Demir IE (2022)
Drain use in pancreatic surgery: results from an international
survey among experts in the field. Surgery 172:265-272

2. He S, XiaJ, Zhang W, Lai M, Cheng N, Liu Z, Cheng Y (2021)
Prophylactic abdominal drainage for pancreatic surgery. Cochrane
Database Syst Rev 12:CD010583

3. Allen PJ (2011) Operative drains after pancreatic resection—the
Titanic is sinking. HPB 13:595

4. Bassi C, Molinari E, Malleo G, Crippa S, Butturini G, Salvia R,
Talamini G, Pederzoli P (2010) Early versus late drain removal
after standard pancreatic resections: results of a prospective ran-
domized trial. Ann Surg 252:207-214

5. Conlon KC, Labow D, Leung D, Smith A, Jarnagin W, Coit DG,
Merchant N, Brennan MF (2001) Prospective randomized clinical

@ Springer

10.

11.

13.

14.

15.

16.

18.

19.

trial of the value of intraperitoneal drainage after pancreatic resec-
tion. Ann Surg 234:487-493

Van Buren G, Bloomston M, Hughes SJ, Winter J, Behrman SW,
Zyromski NJ, Vollmer C, Velanovich V, Riall T, Muscarella P,
Trevino J, Nakeeb A, Schmidt CM, Behrns K, Ellison EC, Barakat
O, Perry KA, Drebin J, House M, Abdel-Misih S, Silberfein EJ,
Goldin S, Brown K, Mohammed S, Hodges SE, McElhany A,
Issazadeh M, Jo E, Mo Q, Fisher WE (2014) A randomized pro-
spective multicenter trial of pancreaticoduodenectomy with and
without routine intraperitoneal drainage. Ann Surg 259:605-612
Witzigmann H, Diener MK, Kienkotter S, Rossion I, Bruck-
ner T, Werner B, Pridohl O, Radulova-Mauersberger O, Lauer
H, Knebel P, Ulrich A, Strobel O, Hackert T, Biichler MW
(2016) No need for routine drainage after pancreatic head resec-
tion: the dual-center, randomized, controlled PANDRA trial
(ISRCTN04937707). Ann Surg 264:528-537

(2021) Evidence map of pancreatic surgery-a living systematic
review with meta-analyses by the international study group of
pancreatic surgery (ISGPS). Surgery. 170(5):1517-1524

van Bodegraven EA, van Ramshorst TME, Balduzzi A, Hilal MA,
Molenaar IQ, Salvia R, van Eijck C, Besselink MG (2022) Routine
abdominal drainage after distal pancreatectomy: meta-analysis. Br
J Surg 109:486-488

van Bodegraven EA, De Pastena M, Vissers FL, Balduzzi A,
Stauffer J, Esposito A, Malleo G, Marchegiani G, Busch OR,
Salvia R, van Hilst J, Bassi C, Besselink MG, Asbun HJ (2022)
Routine prophylactic abdominal drainage versus no-drain strat-
egy after distal pancreatectomy: a multicenter propensity score
matched analysis. Pancreatology 22:797-802

Caroff DA, Chan C, Kleinman K, Calderwood MS, Wolf R, Wick
EC, Platt R, Huang S (2019) Association of open approach vs.
laparoscopic approach with risk of surgical site infection after
colon surgery. JAMA Netw Open 2:¢1913570

. Buunen M, Gholghesaei M, Veldkamp R, Meijer DW, Bonjer

HIJ, Bouvy ND (2004) Stress response to laparoscopic surgery: a
review. Surg Endosc 18:1022-1028

Novitsky YW, Litwin DEM, Callery MP (2004) The net
immunologic advantage of laparoscopic surgery. Surg Endosc
18:1411-1419

Krielen P, Stommel MWI, Pargmae P, Bouvy ND, Bakkum EA,
Ellis H, Parker MC, Griffiths EA, van Goor H, Ten Broek RPG
(2020) Adhesion-related readmissions after open and laparoscopic
surgery: a retrospective cohort study (SCAR update). Lancet
395:33-41

Kimura W, Yano M, Sugawara S, Okazaki S, Sato T, Moriya T,
Watanabe T, Fujimoto H, Tezuka K, Takeshita A, Hirai I (2010)
Spleen-preserving distal pancreatectomy with conservation of the
splenic artery and vein: techniques and its significance. J Hepato-
biliary Pancreat Sci 17:813-823

Strasberg SM, Linehan DC, Hawkins WG (2007) Radical ante-
grade modular pancreatosplenectomy procedure for adenocarci-
noma of the body and tail of the pancreas: ability to obtain nega-
tive tangential margins. J Am Coll Surg 204:244-249

. Mazzola M, Crippa J, Bertoglio CL, Andreani S, Morini L, Sfon-

drini S, Ferrari G (2021) Postoperative risk of pancreatic fistula
after distal pancreatectomy with or without spleen preservation.
Tumori 107:160-165

von Elm E, Altman DG, Egger M et al (2007) The strengthening
the reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. Prev
Med 45:247-251. https://doi.org/10.1016/j.ypmed.2007.08.012
Abu Hilal M, van Ramshorst TME, Boggi U, Dokmak S, Edwin
B, Keck T, Khatkov I, Ahmad J, Al Saati H, Alseidi A, Azagra
JS, Bjornsson B, Can FM, D’Hondt M, Efanov M, Espin Alvarez
F, Esposito A, Ferrari G, Groot Koerkamp B, Gumbs AA, Hogg
ME, Huscher CGS, Ielpo B, Ivanecz A, Jang J-Y, Liu R, Luyer


https://doi.org/10.1016/j.ypmed.2007.08.012

Surgical Endoscopy

20.

21.

22.

23.

24.

25.

26.

217.

28.

MDP, Menon K, Nakamura M, Piardi T, Saint-Marc O, White S,
Yoon Y-S, Zerbi A, Bassi C, Berrevoet F, Chan C, Coimbra FJ,
Conlon KCP, Cook A, Dervenis C, Falconi M, Ferrari C, Frigerio
I, Fusai GK, De Oliveira ML, Pinna AD, Primrose JN, Sauvanet
A, Serrablo A, Smadi S, Badran A, Baychorov M, Bannone E, van
Bodegraven EA, Emmen AMLH, Giani A, de Graaf N, van Hilst
J, Jones LR, Levi Sandri GB, Pulvirenti A, Ramera M, Rashidian
N, Sahakyan MA, Uijterwijk BA, Zampedri P, Zwart MJW, Alfieri
S, Berti S, Butturini G, Di Benedetto F, Ettorre GM, Giuliante F,
Jovine E, Memeo R, Portolani N, Ruzzenente A, Salvia R, Siri-
wardena AK, Besselink MG, Asbun HJ et al (2024) The Brescia
internationally validated European guidelines on minimally inva-
sive pancreatic surgery (EGUMIPS). Ann Surg 279:45-57

De Pastena M, van Bodegraven EA, Mungroop TH, Vissers FL,
Jones LR, Marchegiani G, Balduzzi A, Klompmaker S, Paiella
S, Tavakoli Rad S, Groot Koerkamp B, van Eijck C, Busch OR,
de Hingh I, Luyer M, Barnhill C, Seykora T, Maxwell TT, de
Rooij T, Tuveri M, Malleo G, Esposito A, Landoni L, Casetti L,
Alseidi A, Salvia R, Steyerberg EW, Abu Hilal M, Vollmer CM,
Besselink MG, Bassi C (2023) Distal pancreatectomy fistula risk
score (D-FRS): development and international validation. Ann
Surg 277:¢1099-e1105

Vissers FL, Balduzzi A, van Bodegraven EA, van Hilst J, Festen
S, Hilal MA, Asbun HJ, Mieog JSD, Koerkamp BG, Busch OR,
Daams F, Luyer M, De Pastena M, Malleo G, Marchegiani G,
Klaase J, Molenaar IQ, Salvia R, van Santvoort HC, Stommel M,
Lips D, Coolsen M, Bassi C, van Eijck C, Besselink MG, Dutch
Pancreatic Cancer Group (2022) Prophylactic abdominal drain-
age or no drainage after distal pancreatectomy (PANDORINA): a
binational multicenter randomized controlled trial. Trials 23:809
Dindo D, Demartines N, Clavien P-A (2004) Classification of
surgical complications: a new proposal with evaluation in a cohort
of 6336 patients and results of a survey. Ann Surg 240:205-213
Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M,
Adham M, Allen P, Andersson R, Asbun HJ, Besselink MG,
Conlon K, Del Chiaro M, Falconi M, Fernandez-Cruz L, Fernan-
dez-Del Castillo C, Fingerhut A, Friess H, Gouma DJ, Hackert
T, Izbicki J, Lillemoe KD, Neoptolemos JP, Olah A, Schulick
R, Shrikhande SV, Takada T, Takaori K, Traverso W, Vollmer
CR, Wolfgang CL, Yeo CJ, Salvia R, Buchler M, International
Study Group on Pancreatic Surgery (ISGPS) (2017) The 2016
update of the international study group (ISGPS) definition and
grading of postoperative pancreatic fistula: 11 years after. Surgery
161:584-591

Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma
DJ, Izbicki JR, Neoptolemos JP, Padbury RT, Sarr MG, Yeo CJ,
Biichler MW (2007) Postpancreatectomy hemorrhage (PPH): an
international study group of pancreatic surgery (ISGPS) defini-
tion. Surgery 142:20-25

Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki
JR, Neoptolemos JP, Padbury RT, Sarr MG, Traverso LW, Yeo CJ,
Biichler MW (2007) Delayed gastric emptying (DGE) after pan-
creatic surgery: a suggested definition by the International study
group of pancreatic surgery (ISGPS). Surgery 142:761-768
Austin PC (2011) An introduction to propensity score methods
for reducing the ef-fects of confounding in observational studies.
Multivariate Behav Res 46:399¢424

Biichler MW, Wagner M, Schmied BM, Uhl W, Friess H,
7’ graggen K (2003) Changes in morbidity after pancreatic resec-
tion: toward the end of completion pancreatectomy. Arch Surg
138:1310-1314

Asbun HJ, Moekotte AL, Vissers FL, Kunzler F, Cipriani F,
Alseidi A, D’Angelica MI, Balduzzi A, Bassi C, Bjornsson B,
Boggi U, Callery MP, Del Chiaro M, Coimbra FJ, Conrad C,
Cook A, Coppola A, Dervenis C, Dokmak S, Edil BH, Edwin
B, Giulianotti PC, Han H-S, Hansen PD, van der Heijde N, van

29.

30.

31.

32.

33.

34,

35.

36.

37.

Hilst J, Hester CA, Hogg ME, Jarufe N, Jeyarajah DR, Keck
T, Kim SC, Khatkov IE, Kokudo N, Kooby DA, Korrel M, de
Leon FJ, Lluis N, Lof S, Machado MA, Demartines N, Martinie
JB, Merchant NB, Molenaar 1Q, Moravek C, Mou Y-P, Naka-
mura M, Nealon WH, Palanivelu C, Pessaux P, Pitt HA, Polanco
PM, Primrose JN, Rawashdeh A, Sanford DE, Senthilnathan P,
Shrikhande SV, Stauffer JA, Takaori K, Talamonti MS, Tang
CN, Vollmer CM, Wakabayashi G, Walsh RM, Wang S-E, Zin-
ner MJ, Wolfgang CL, Zureikat AH, Zwart MJ, Conlon KC,
Kendrick ML, Zeh HJ, Hilal MA, Besselink MG, International
Study Group on Minimally Invasive Pancreas Surgery (I-MIPS)
(2020) The Miami international evidence-based guidelines on
minimally invasive pancreas resection. Ann Surg 271:1-14
Korrel M, Jones LR, van Hilst J, Balzano G, Bjornsson B, Boggi
U, Bratlie SO, Busch OR, Butturini G, Capretti G, Casadei
R, Edwin B, Emmen AMLH, Esposito A, Falconi M, Groot
Koerkamp B, Keck T, de Kleine RHJ, Kleive DB, Kokkola A,
Lips DJ, Lof S, Luyer MDP, Manzoni A, Marudanayagam R,
de Pastena M, Pecorelli N, Primrose JN, Ricci C, Salvia R,
Sandstrom P, Vissers FLIM, Wellner UF, Zerbi A, Dijkgraaf
MGW, Besselink MG, Abu Hilal M, European Consortium on
Minimally Invasive Pancreatic Surgery (E-MIPS) (2023) Mini-
mally invasive versus open distal pancreatectomy for resectable
pancreatic cancer (DIPLOMA): an international randomised
non-inferiority trial. Lancet Reg Health Eur 31:100673

Tjaden C, Hinz U, Hassenpflug M, Fritz F, Fritz S, Grenacher
L, Biichler MW, Hackert T (2016) Fluid collection after distal
pancreatectomy: a frequent finding. HPB 18:35-40

Diener MK, Seiler CM, Rossion I, Kleeff J, Glanemann M, But-
turini G, Tomazic A, Bruns CJ, Busch ORC, Farkas S, Belyaev
O, Neoptolemos JP, Halloran C, Keck T, Niedergethmann M,
Gellert K, Witzigmann H, Kollmar O, Langer P, Steger U, Neu-
decker J, Berrevoet F, Ganzera S, Heiss MM, Luntz SP, Bruck-
ner T, Kieser M, Biichler MW (2011) Efficacy of stapler versus
hand-sewn closure after distal pancreatectomy (DISPACT): a
randomised, controlled multicentre trial. Lancet 377:1514-1522
Lluis N, Kunzler F, Asbun D, Jimenez RE, Asbun HJ (2024)
Incidence and outcomes of postoperative fluid collections after
minimally invasive distal pancreatectomy without placement
of surgical drain. A prospective observational cohort study. J
Hepatobiliary Pancreat Sci. https://doi.org/10.1002/jhbp.1423
Paulus EM, Zarzaur BL, Behrman SW (2012) Routine perito-
neal drainage of the surgical bed after elective distal pancrea-
tectomy: is it necessary? Am J Surg 204:422-427

Fisher WE (2018) Intraperitoneal drainage and pancreatic resec-
tion. Adv Surg 52:205-222

Marchegiani G, Ramera M, Viviani E, Lombardo F, Cybulski A,
Chincarini M, Malleo G, Bassi C, Zamboni GA, Salvia R (2019)
Dislocation of intra-abdominal drains after pancreatic surgery:
results of a prospective observational study. Langenbecks Arch
Surg 404:213-222

van Bodegraven EA, Balduzzi A, van Ramshorst TME, Malleo
G, Vissers FL, van Hilst J, Festen S, Abu Hilal M, Asbun HJ,
Michiels N, Koerkamp BG, Busch ORC, Daams F, Luyer MDP,
Ramera M, Marchegiani G, Klaase JM, Molenaar 1Q, de Pastena
M, Lionetto G, Vacca PG, van Santvoort HC, Stommel MW]J,
Lips DJ, Coolsen MME, Mieog JSD, Salvia R, van Eijck CHJ,
Besselink MG, Dutch Pancreatic Cancer Group (2024) Prophy-
lactic abdominal drainage after distal pancreatectomy (PANDO-
RINA): an international, multicentre, open-label, randomised
controlled, non-inferiority trial. Lancet Gastroenterol Hepatol
9:438-447

Ecker BL, McMillan MT, Allegrini V, Bassi C, Beane JD, Beck-
man RM, Behrman SW, Dickson EJ, Callery MP, Christein JD,
Drebin JA, Hollis RH, House MG, Jamieson NB, Javed AA, Kent
TS, Kluger MD, Kowalsky SJ, Maggino L, Malleo G, Valero V

@ Springer


https://doi.org/10.1002/jhbp.1423

Surgical Endoscopy

38.

39.

40.

3rd, Velu LKP, Watkins AA, Wolfgang CL, Zureikat AH, Vollmer
CM Jr (2019) Risk factors and mitigation strategies for pancreatic
fistula after distal pancreatectomy: analysis of 2026 resections
from the international, multi-institutional distal pancreatectomy
study group. Ann Surg 269:143-149

Tang B, Wang P, Ma J, Shi J, Yang S, Zeng J, Xiang C, Wang
X (2024) Comparing the distal pancreatectomy fistula risk score
(D-FRS) and DISPAIR-FRS for predicting pancreatic fistula after
distal pancreatectomy. ANZ J Surg 94:667-673

Miao Y, Lu Z, Yeo CJ, Vollmer CM Jr, Fernandez-Del Castillo C,
Ghaneh P, Halloran CM, Kleeff J, de Rooij T, Werner J, Falconi
M, Friess H, Zeh HJ, Izbicki JR, He J, Laukkarinen J, Dejong CH,
Lillemoe KD, Conlon K, Takaori K, Gianotti L, Besselink MG,
Del Chiaro M, Montorsi M, Tanaka M, Bockhorn M, Adham M,
Olah A, Salvia R, Shrikhande SV, Hackert T, Shimosegawa T,
Zureikat AH, Ceyhan GO, Peng Y, Wang G, Huang X, Dervenis
C, Bassi C, Neoptolemos JP, Biichler MW, International Study
Group of Pancreatic Surgery (ISGPS) (2020) Management of the
pancreatic transection plane after left (distal) pancreatectomy:
Expert consensus guidelines by the International Study Group of
Pancreatic Surgery (ISGPS). Surgery 168:72-84

Lof S, van der Heijde N, Abuawwad M, Al-Sarireh B, Boggi
U, Butturini G, Capretti G, Coratti A, Casadei R, D’Hondt M,
Esposito A, Ferrari G, Fusai G, Giardino A, Groot Koerkamp B,
Hackert T, Kamarajah S, Kauffmann EF, Keck T, Marudanayagam

Authors and Affiliations

Michele Mazzola'

41.

R, Nickel F, Manzoni A, Pessaux P, Pietrabissa A, Rosso E, Salvia
R, Soonawalla Z, White S, Zerbi A, Besselink MG, Abu Hilal M,
European Consortium on Minimally Invasive Pancreatic Surgery
(E-MIPS) (2021) Robotic versus laparoscopic distal pancreatec-
tomy: multicentre analysis. BrJ Surg 108:188-195

van Ramshorst TME, Giani A, Mazzola M, Dokmak S, Ftériche
FS, Esposito A, de Pastena M, Lof S, Edwin B, Sahakyan M,
Boggi U, Kauffman EF, Fabre JM, Souche RF, Zerbi A, Butturini
G, Molenaar Q, Al-Sarireh B, Marino MV, Keck T, White SA,
Casadei R, Burdio F, Bjornsson B, Soonawalla Z, Koerkamp BG,
Fusai GK, Pessaux P, Jah A, Pietrabissa A, Hackert T, D’Hondt
M, Pando E, Besselink MG, Ferrari G, Hilal MA, European
Consortium on Minimally Invasive Pancreatic Surgery (2022)
Benchmarking of robotic and laparoscopic spleen-preserving
distal pancreatectomy by using two different methods. Br J Surg
110(1):76-83

Publisher's Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

- Antonio Benedetti' - Alessandro Giani' - Pietro Calcagno' - Andrea Zironda' -

Michele Paterno’ - Alessandro Giacomoni' - Paolo De Martini' - Giovanni Ferrari’

>

Michele Mazzola
micmazzola@gmail.com

@ Springer

1

Division of Minimally-Invasive Surgical Oncology, ASST
Grande Ospedale Metropolitano Niguarda, Piazza Ospedale
Maggiore, 3, 20162 Milan, Italy


http://orcid.org/0000-0002-3546-197X

	Abdominal drainage after minimally invasive distal pancreatectomy: out of sight, out of mind?
	Abstract
	Backgrounds 
	Methods 
	Results 
	Conclusion 
	Graphical abstract

	Materials and methods
	Study overview
	Variables and definitions
	Study endpoint
	Statistical analysis

	Results
	Patient selection
	Patient demographics and baseline characteristics
	Operative and postoperative outcomes
	Risk factors for severe complications

	Discussion
	References


