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Abstract

Background: The role of minimally invasive distal pancreatectomy is still unclear, and whether robotic distal pancreatectomy (RDP)
offers benefits over laparoscopic distal pancreatectomy (LDP) is unknown because large multicentre studies are lacking. This study
compared perioperative outcomes between RDP and LDP.

Methods: A multicentre international propensity score-matched study included patients who underwent RDP or LDP for any indica-
tion in 21 European centres from six countries that performed at least 15 distal pancreatectomies annually (January 2011 to June
2019). Propensity score matching was based on preoperative characteristics in a 1 : 1 ratio. The primary outcome was the major mor-
bidity rate (Clavien–Dindo grade IIIa or above).

Results: A total of 1551 patients (407 RDP and 1144 LDP) were included in the study. Some 402 patients who had RDP were matched
with 402 who underwent LDP. After matching, there was no difference between RDP and LDP groups in rates of major morbidity (14.2
versus 16.5 per cent respectively; P¼ 0.378), postoperative pancreatic fistula grade B/C (24.6 versus 26.5 per cent; P¼ 0.543) or 90-day
mortality (0.5 versus 1.3 per cent; P¼ 0.268). RDP was associated with a longer duration of surgery than LDP (median 285 (i.q.r. 225–
350) versus 240 (195–300) min respectively; P< 0.001), lower conversion rate (6.7 versus 15.2 per cent; P< 0.001), higher spleen preserva-
tion rate (81.4 versus 62.9 per cent; P¼ 0.001), longer hospital stay (median 8.5 (i.q.r. 7–12) versus 7 (6–10) days; P< 0.001) and lower
readmission rate (11.0 versus 18.2 per cent; P¼ 0.004).

Conclusion: The major morbidity rate was comparable between RDP and LDP. RDP was associated with improved rates of conversion,
spleen preservation and readmission, to the detriment of longer duration of surgery and hospital stay.
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Introduction
Minimally invasive distal pancreatectomy (MIDP) is being used
increasingly for benign and low-grade malignant tumours, as
supported by the 2019 Miami evidence-based guidelines1. Two
RCTs, LEOPARD2 and LAPOP3, demonstrated less blood loss, less
delayed gastric emptying, and shorter time to functional recovery
for the minimally invasive approach with no obvious downsides,
compared with the open approach. These findings confirmed
those of previous cohort studies and systemic reviews4–7. Yet, the
high rate of conversion to open distal pancreatectomy and lack of
clear evidence concerning the oncological outcomes of MIDP
hamper further implementation4,8.
Although MIDP has been implemented over the past decade9,10,
consensus regarding the benefit of the robotic compared with the
laparoscopic approach is lacking11–13. Several meta-analyses and
a propensity score-matched study have suggested comparable
surgical outcomes between the two approaches in terms of over-
all morbidity14–16 and the rate of postoperative pancreatic fis-
tula14,17. However, studies are limited by their retrospective,
mainly single-centre design, with a clear risk of selection bias15.
A multicentre international comparison in experienced pancre-
atic centres practising one or both modalities is currently lacking.

The present study aimed to compare surgical outcomes of ro-
botic (RDP) and laparoscopic (LDP) distal pancreatectomy for all
indications performed in experienced centres using propensity
score matching. The primary hypothesis was that the rate of ma-
jor morbidity would not differ between RDP and LDP.

Methods
This study was conducted according to the STROBE guidelines18.
The medical ethics review committee of the Amsterdam UMC, lo-
cation Amsterdam Medical Centre, waived the need for informed
consent owing to the retrospective observational study design.
All centres participating in the European Consortium on
Minimally Invasive Pancreatic Surgery (E-MIPS) were invited to
contribute. Participating centres had to perform at least 15 distal
pancreatectomies annually. Consecutive patients, aged 18 years
or above, who underwent RDP or LDP for benign or malignant dis-
ease between January 2011 and June 2019 were included. All par-
ticipating centres received a database with the required
parameters including definitions. Data were then collected lo-
cally using prospective collected databases and combined cen-
trally by the study coordinators.

Definitions
Conversion was defined as any resection started as a minimally
invasive procedure (laparoscopic or robotic) that required lapa-
rotomy or hand assistance for reasons other than trocar place-
ment or specimen extraction19. Intended spleen preservation was
noted when spleen-preserving distal pancreatectomy was the
aim of the surgery at the surgeons’ or multidisciplinary teams’
discretion based on preoperative imaging. Some tumours, such
as intraductal papillary mucinous neoplasm and solid pseudopa-
pillary neoplasm, could have invasive characteristics and were
categorized as premalignant. Neuroendocrine tumours were cat-
egorized according to the WHO 2010 classification20 for neuroen-
docrine neoplasms of the digestive system.

Postoperative morbidity was scored and classified according to
the Clavien–Dindo classification21 of surgical complications and
recorded for up to 30 days after surgery. The primary outcome of
the study was major morbidity, defined as Clavien–Dindo grade

IIIa or higher. For pancreas-specific complications (postoperative

pancreatic fistula, delayed gastric emptying and postpancreatec-

tomy haemorrhage), only grade B/C complications were noted,

following the most recent definitions of the International Study

Group on Pancreatic Surgery22–24. Readmissions and deaths were

recorded for up to 90 days after surgery.

Statistical analysis
Statistical analysis was performed using IBM SPSSVR Statistics for

Windows version 26.0 (IBM, Armonk, NY, USA). Student’s t test

was used for comparison of normally distributed continuous var-

iables, which are reported as mean(s.d.) values. Non-normally

distributed variables are presented as median (i.q.r.) values, and

compared using the Mann–Whitney U test. Normality of continu-

ous variables was checked visually using histograms. Categorical

variables were reported as counts with proportions, and analysed

with the v2 or Fisher’s exact test, as appropriate.
To minimize the impact of selection bias, patients undergoing

RDP and LDP were matched using propensity scoring. Propensity

scores were based on variables known from literature associated

with treatment assignment and included the baseline variables

age (continuous), sex, ASA physical status, intention of spleen

preservation, and type of tumour (benign, (pre)malignant, pan-

creatic ductal adenocarcinoma (PDAC) or other type (chronic

pancreatitis)). Matching without replacement was done with a

1:1 ratio, based on nearest neighbours and with a caliper width of

0.01 standard deviation. Standardized mean differences (MDs)

were calculated for the assessment of distribution of baseline co-

variables between the two groups25. The MD was calculated only

for baseline characteristics. A MD on or between �0.1 and 0.1

was considered the optimal balance. After matching, normally

distributed continuous data were compared using the paired-

samples t test. For non-normally distributed continuous data, the

Wilcoxon signed rank test was used. Categorical data were com-

pared using McNemar’s test. Additionally, to test whether poten-

tial confounders for the primary outcome were not corrected for

in the propensity score matching, a multivariable binary logistic

regression analysis with backward selection was performed on

the unmatched cohort with previously described risk factors as-

sociated with major morbidity. The results are reported as odds

ratios (ORs) with 95 per cent confidence intervals.
To investigate the selection criteria for RDP, both univariable

and multivariable binary logistic regression analyses with back-

ward selection were performed for baseline characteristics in the

total cohort. Variables included in the analysis were based on the

assumption that RDP, a more novel technique, was performed for

younger patients, with a lower ASA grade, and more often for

non-malignant tumours. Because RDP has been shown to pre-

serve the spleen more often in small studies, this was considered

as well.
Two sensitivity analyses were performed. First, hospitals that

performed fewer than 15 RDP or LDP procedures per year on aver-

age in 2017 and 2018 were excluded. These two complete years

were chosen because the annual number of MIDPs increased dur-

ing the study period in all participating centres, and there were

only 6 months in 2019. Second, patients operated on in one of the

two countries with the longest hospital stay were excluded to in-

vestigate the impact on hospital stay of differences in healthcare

systems. The level of statistical significance was set at a two-

sided P <0.050.
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Results
Of 1551 MIDPs, 407 (26.2 per cent) were RDP and 1144 (73.8 per
cent) were LDP procedures (Table 1). RDP was performed in 11 and
LDP in 19 of the 21 centres. Use of RDP increased from 22.7 per
cent (80 of 353) in 2011–2013 to 32.2 per cent (185 of 575) in 2017–
2019 (P< 0.001) (Fig. S1). Overall, 59.4 per cent of patients were
women (921 of 1551), mean(s.d.) age was 59(26) years, and
mean(s.d.) BMI was 25.7(4.9) kg/m2. In 406 of 563 patients (72.1
per cent) with intended spleen preservation, the spleen was pre-
served successfully. Patients undergoing RDP were younger than
those who had LDP (mean(s.d.) age 57(15) versus 60(15) years re-
spectively; MD 0.20). Patients undergoing RDP had a lower rate of
PDAC (16.0 per cent versus 21.1 per cent in the LDP group; MD
0.18) and a higher intended spleen preservation rate (47.3 versus
33.5 per cent respectively; MD �0.32) (Table 1).

Potential confounders for primary outcome
In multivariable logistic regression analysis performed to identify
potential variables associated with major morbidity, only ASA
grade (III–IV) and multivisceral resection were significant (OR
1.66 (95 per cent c.i. 1.12 to 2.46), P¼ 0.011, and OR 3.65 (2.04 to
6.53), P< 0.001, respectively) (Table S1).

Selection criteria for robotic distal
pancreatectomy
Potential selection criteria for RDP were analysed using univari-
able analysis in the entire cohort of 1551 patients, including age
(less than 65 versus 65 years or more), sex (male versus female),
BMI (continuous), ASA grade (I–II versus III–IV), previous abdomi-
nal surgery (yes versus no), intended spleen preservation (yes ver-
sus no), tumour size (50 mm or less versus more than 50 mm),
and tumour type (benign, (pre)malignant, PDAC or other). In

multivariable analysis, only ASA grade I–II (OR 1.47 (95 per cent

c.i. 1.06 to 2.05); P¼ 0.022) and intended spleen preservation (OR

1.74 (1.33 to 2.29); P< 0.001) were associated with the use of RDP

(Table S2).

Matched cohort
Of the 407 patients who underwent RDP, 402 (98.8 per cent) could

be matched with 402 patients who had LDP. After matching,

baseline characteristics were well balanced, indicated by MD val-

ues below 0.1 (Table 1). There were no statistically significant dif-

ferences between the matched RDP and LDP groups for the

proportion of resected PDAC (16.2 versus 14.9 per cent respec-

tively; MD �0.06), or for mean(s.d.) pathological tumour size

(31(19) versus 32(21) mm; P¼ 0.240) (Table 2). RDP was associated

with a greater number of resected lymph nodes than LDP (me-

dian 14 (i.q.r. 7–24)] versus 10 (3–18); P¼ 0.003), yet the number of

metastatic lymph nodes was similar.
RDP was associated with a higher rate of spleen preservation

than LDP (81.4 versus 64.2 per cent respectively; P¼ 0.001). The

Kimura technique26 (splenic vessel preservation) for spleen pres-

ervation was used more often in the RDP group (92.6 per cent ver-

sus 73.2 per cent in the LDP group; P< 0.001) (Table 3). In addition,

RDP was associated with a lower conversion rate (6.7 versus 15.2

per cent respectively; P< 0.001) and a longer duration of surgery

(median 285 (i.q.r. 25–350) versus 240 (195–300) min; P< 0.001).
Major morbidity was comparable between RDP and LDP: 14.2

versus 16.5 per cent respectively (P¼ 0.378). In addition, rates of

postoperative pancreatic fistula grade B/C in RDP and LDP groups

(24.6 versus 26.5 per cent respectively; P¼ 0.543), reoperation (5.2

versus 5.5 per cent, p¼ 0.875) and 90-day mortality (0.5 versus 1.3

per cent; P¼ 0.268) were not significantly different. RDP was asso-

ciated with a longer hospital stay than LDP (median 8.5 (i.q.r. 7–

Table 1 Baseline characteristics for robotic and laparoscopic distal pancreatectomy before and after propensity score matching

Total cohort Propensity score-matched cohort

RDP (n¼407) LDP (n¼ 1144) P§ MD† RDP (n¼ 402) LDP (n¼ 402) P§ MD†

Age (years)* 57 (15) 60 (15) 0.002¶ 0.20 57 (15) 57 (14) 0.673¶ 0.00
Age �65 years 145 (35.6) 494 (43.2) 0.008 0.18 144 (35.8) 154 (38.3) 0.465 0.06

Female sex 240 (59.0) 681 (59.5) 0.829 0.01 237 (59.0) 244 (60.7) 0.615 0.04
BMI (kg/m2)* 25.4 (4.5) 25.9 (5.0) 0.099¶ 0.10 25.4 (4.6) 25.9 (5.0) 0.215¶ 0.10
�30.0 67 (17.7) 186 (19.0) 0.595 0.05 67 (17.9) 66 (18.9) 0.743 0.03
Unknown 29 164 28 52

ASA grade III–IV 93 (23.3) 278 (25.8) 0.257 0.09 92 (22.9) 87 (21.6) 0.672 �0.04
Unknown 7 65 0 0

Previous abdomi-
nal surgery

167 (43.2) 478 (43.7) 0.504 0.04 165 (41.0) 152 (38.3) 0.426 �0.06

Unknown 20 50 0 5
Preoperative tu-

mour size (mm)*
33 (20) 32 (20) 0.642¶ �0.05 33 (20) 32 (19) 0.399¶ �0.05

Size >50 mm 58 (18.3) 156 (16.0) 0.328 �0.09 58 (18.5) 59 (16.6) 0.529 �0.07
Unknown 90 166 88 47

Tumour type 0.102 0.08 0.180 �0.10
Benign 210 (51.7) 539 (47.2) 206 (51.2) 212 (52.7)
(Pre)malignant‡ 111 (27.3) 318 (27.9) 111 (27.6) 121 (30.1)
PDAC 65 (16.0) 241 (21.1) 0.027 0.18 65 (16.2) 60 (14.9) 0.558 �0.06
Other (including

chronic pan-
creatitis)

20 (4.9) 43 (3.8) 20 (5.0) 9 (2.2)

Unknown 1 3 0 0
Intended spleen

preservation
192 (47.3) 371 (33.5) <0.001 �0.32 188 (46.8) 190 (47.3) 0.888 0.01

Unknown 1 38 0 0

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). †Standardized mean difference (MD) between �0.1 and 0.1 was
considered optimal variable balance. ‡Includes also invasive intraductal papillary mucinous neoplasm and mucinous cystic neoplasm. RDP, robotic distal
pancreatectomy; LDP, laparoscopic distal pancreatectomy; PDAC, pancreatic ductal adenocarcinoma. §v2 or Fisher’s exact test, except ¶Student’s t test.
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12) versus 7 (6–10) days; P< 0.001) and lower readmission rate
(11.0 versus 18.2 per cent; P¼ 0.004).

Sensitivity analysis
After excluding the procedures performed in hospitals with an
average annual volume of fewer than 15 MIDP procedures in
2017 and 2018, the major morbidity rate remained comparable in
RDP and LDP groups (14.9 versus 15.8 per cent respectively;
P¼ 0.745) (Table S3). Other short-term surgical outcomes were
also similar to those in the main analysis. The conversion rate
was 5.9 versus 14.8 per cent respectively (P< 0.001).

After excluding all RDP and LDP procedures from the two
countries with the longest hospital stay (Germany and France)
from the matched cohort, the median duration of hospital stay
was 8 (i.q.r. 6–11) versus 7 (6–10) days for RDP and LDP respec-
tively (P< 0.001) (Table S4). RDP was associated with a lower read-
mission rate (11.6 per cent versus 18.8 per cent in the LDP group;
P¼ 0.009).

Discussion
This multicentre study including over 1500 MIDPs from 21
European centres found that, after propensity score matching,
there was no difference between RDP and LDP in the rate of major
morbidity. In addition, the rates of postoperative pancreatic fis-
tula grade B/C and 90-day mortality did not differ significantly
between the two procedures. RDP was associated with improved
rates of spleen preservation, conversion and readmission, to the

detriment of a longer duration of surgery and longer hospital
stay.

Use of the robotic approach for abdominal surgery is increas-
ing worldwide27. Although some RCTs have indicated superiority,
or at least non-inferiority, for robotic compared with open sur-
gery28,29, additional advantages over a laparoscopic approach
have not been well established30–32. The first RDP procedure was
reported in 200333. Although retrospective single-centre stud-
ies11,13,16 and a national study using the National Surgical
Quality Improvement Program database34 suggested a benefit for
RDP in terms of spleen preservation and conversion, only 16 per
cent of surgeons are performing RDP according to a recent world-
wide survey35 on minimally invasive pancreatic surgery.

The present multicentre international study found an in-
creased use of RDP with time, from 22.7 per cent in 2011–2013 to
32.2 per cent in 2017–2019. Before propensity score matching,
RDP was used more often in younger patients, more often with
an intention for spleen preservation, but RDP was used less in
patients with PDAC. This may be explained by the fact that this
study included the very first and subsequent RDP procedures
from 11 centres, whereas the 19 centres contributing LDP were
mostly already ahead of the learning curve for this approach.
Indeed, single-centre and nationwide studies on the implementa-
tion of LDP have shown that, with increasing experience, sur-
geons extend their indications for the minimally invasive
approach, including older patients and more often PDAC9,36.

However, because RDP is often associated with increased
spleen preservation rates11,37,38, surgeons may have used the

Table 2 Pathology before and after propensity score matching

Total cohort Propensity score-matched cohort

RDP (n¼ 407) LDP (n¼ 1144)) P¶ RDP (n¼ 402) LDP (n¼ 402) P¶

Tumour type 0.011 0.098
Neuroendocrine
tumour‡

131 (32.3) 331 (29.0) 129 (32.1) 124 (30.8)

G1/G2 123 (98.4) 293 (98.3) 121 (98.4) 108 (98.2)
G3 2 (1.6) 5 (1.7) 2 (1.6) 2 (1.8)
Unknown 6 33 6 14

Pancreatic ductal ade-
nocarcinoma

65 (16.0) 241 (21.1) 65 (16.2) 60 (14.9)

Mucinous cystic neo-
plasm

61 (15.0) 142 (12.4) 60 (14.9) 44 (10.9)

Serous cystadenoma 42 (10.3) 87 (7.6) 42 (10.4) 36 (9.0)
Intraductal papillary

mucinous neoplasm
40 (9.9) 144 (12.6) 40 (10.0) 53 (13.2)

Solid pseudopapillary
tumour

23 (5.7) 44 (3.9) 22 (5.5) 24 (6.0)

Chronic pancreatitis/
pseudocyst

13 (3.2) 43 (3.8) 13 (3.2) 17 (4.2)

Metastasis (including
RCC)

4 (1.0) 37 (3.2) 4 (1.0) 12 (3.0)

Other cystic lesion 7 (1.7) 24 (2.1) 7 (1.7) 14 (3.5)
Other malignant tu-

mour
2 (0.5) 14 (1.2) 2 (0.5) 7 (1.7)

Other 18 (4.4) 35 (3.1) 18 (4.5) 11 (2.7)
Unknown 1 2 0 0

Tumour size (mm)* 30(19) 33(21) 0.035# 31(19) 32(21) 0.240#

No. of lymph nodes
resected (malignant
tumours only)†

14 (6–24) 12 (5–22) 0.073** 14 (7–24) 10 (3–18) 0.003**

No. of lymph nodes (tu-
mour positive only)†

0 (0–2) 0 (0–2) 0.578** 0 (0–2) 0 (0–2) 0.508**

R0 resection for PDAC§ 50 of 65 (77) 115 of 293 (64.9) 0.066 40 (69.0) 51 (78.5) 0.231

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.) and †median (i.q.r.). ‡Includes insulinoma and glucagonoma, and
classified according to WHO 2010 definitions20. §R0 defined as microscopic radical resection of at least 1 mm between tumour at transection or retroperitoneal
margin. RDP, robotic distal pancreatectomy; LDP, laparoscopic distal pancreatectomy; RCC, renal cell carcinoma; PDAC, pancreatic ductal adenocarcinoma. ¶v2 or
Fisher’s exact test, except #Student’s t test. And **Mann–Whitney U test.
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robotic approach more often when spleen preservation is pre-
ferred for a patient. Intended spleen preservation was indeed a
factor associated with RDP. To adjust for baseline differences be-
tween the two modalities, groups were matched by means of pro-
pensity scoring, after which these differences were mitigated.
Following matching, the present study confirmed previous
reported advantages of the robotic approach in terms of a re-
duced conversion rate and increased spleen preservation13,16,37,38,
even though the PDAC rate was similar in the two groups.

A lower conversion rate is a frequently mentioned advantage
of the robotic approach owing to greater dexterity16 or better vi-
sualization39 with the robot. However, the learning curve aspect
of MIDP should also be taken in account. With increasing experi-
ence, conversion rates during MIDP decrease, with a cut-off point
of 15 consecutive MIDPs40. Potentially, the surgeons performing
RDP had already gained their initial experience in the minimally
invasive approach to distal pancreatectomy and therefore re-
quired fewer conversions. Interestingly, after excluding centres

performing less than 15 MIDPs annually in the first sensitivity
analysis, RDP was still associated with a lower conversion rate,
indicating an inherent advantage of the robotic platform.

With improved understanding of the potential sequelae of
splenectomy, including the risk of hospitalization and/or mortal-
ity from infectious disease, venous thromboembolism, and solid
or haematological malignancy41, spleen preservation is advo-
cated increasingly during distal pancreatectomy42,43. In the pre-
sent study, spleen preservation was intended for over one-third
of patients, and succeeded in 72.1 per cent of these procedures.
After matching, RDP was associated with a higher spleen preser-
vation rate than was seen during LDP. In addition, splenic vessel
preservation (Kimura technique26) was used more often in RDP
than in LDP, whereas splenic vessel resection (Warshaw tech-
nique44) was more often applied in LDP. The Warshaw technique
is used mainly when the Kimura technique is not feasible due to
tumour involving the splenic vessels, intraoperative technical dif-
ficulty in preserving the splenic vessels, or persistent blood loss

Table 3 Operative details and outcomes before and after propensity score matching

Total cohort Propensity score-matched cohort

RDP (n¼ 407) LDP (n¼ 1144) P‡ RDP (n¼ 402) LDP (n¼ 402) P‡

Operative details
Duration of surgery (min)* 285 (225–350) 240 (191–300) <0.001§ 285 (225–350) 240 (195–300) <0.001§
Blood loss (ml)* 150 (100–250) 120 (70–250) 0.956§ 150 (100–250) 150 (80–250) 0.717§

Unknown 90 304 86 99
Blood transfusion 16 (4.5) 34 (3.5) 0.424 16 (4.6) 9 (2.7) 0.196

Unknown 51 185 51 69
Conversion 27 (6.6) 174 (15.2) <0.001 27 (6.7) 61 (15.2) <0.001
Stump closure method <0.001 <0.001

Stapler 147 (42.0) 823 (75.4) 146 (42.2) 311 (79.3)
Sutures 115 (32.9) 145 (13.3) 115 (33.2) 35 (8.9)
Ultrasonic device 85 (24.3) 110 (10.1) 82 (23.7) 42 (10.7)
Other 3 (0.9) 14 (1.3) 3 (0.9) 4 (1.0)
Unknown 57 52 56 10

Splenectomy 246 (60.6) 872 (76.3) <0.001 246 (61.2) 279 (69.4) 0.014
Spleen preservation

intended and actually
preserved†

157 (80.5) 249 (64.0) <0.001 153 (81.4) 122 (64.2) 0.001

Method of spleen preserva-
tion

<0.001 <0.001

Splenic vessel preserva-
tion (Kimura technique)

114 (92.7) 173 (73.6) 112 (92.6) 82 (73.2)

Splenic vessel resection
(Warshaw technique)

9 (7.3) 62 (26.4) 9 (7.4) 30 (26.8)

Unknown 38 37 35 11
Multivisceral resection 13 (3.8) 76 (7.0) 0.036 13 (3.9) 24 (6.2) 0.153

Unknown 68 56 66 16
Vascular resection 10 (2.9) 12 (1.2) 0.023 10 (3.0) 4 (1.1) 0.077

PV/SMV 2 (0.6) 8 (0.8) 2 (0.6) 2 (0.6) 0.125
Other (e.g. renal vein) 8 (2.4) 4 (0.4) 8 (2.4) 2 (0.6)
Unknown 68 112 66 39

Postoperative outcomes
Major morbidity (Clavien–
Dindo grade IIIa or above)

57 (14.1) 175 (15.4) 0.516 57 (14.2) 66 (16.5) 0.378

Postoperative transfusion 24 (7.0) 101 (9.4) 0.178 24 (7.1) 32 (8.3) 0.536
Drain removed (days)* 7 (4–15) 6 (4–14) 0.095§ 7 (4–15) 6 (4–13) 0.037§

POPF grade B/C 99 (24.3) 258 (22.6) 0.481 99 (24.6) 106 (26.5) 0.543
Intervention for POPF 35 (8.6) 117 (10.3) 0.336 35 (8.7) 49 (12.3) 0.101

DGE grade B/C 11 (3.0) 16 (1.5) 0.069 11 (3.0) 7 (1.8) 0.282
Postpancreatectomy hae-
morrhage grade B/C

16 (4.2) 51 (4.7) 0.665 16 (4.2) 20 (5.1) 0.541

Reoperation 21 (5.2) 61 (5.3) 0.899 21 (5.2) 22 (5.5) 0.875
Hospital stay (days)* 8 (7–12) 7 (6–10) <0.001§ 8.5 (7–12) 7 (6–10) <0.001§

Readmission 44 (10.8) 181 (16.0) 0.011 44 (11.0) 73 (18.2) 0.004
90-day mortality 2 (0.5) 10 (0.9) 0.462 2 (0.5) 5 (1.3) 0.268

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.). †Proportion of actual spleen preservation when intended before
surgery. RDP, robotic distal pancreatectomy; LDP, laparoscopic distal pancreatectomy; PDAC, pancreatic ductal adenocarcinoma; PV, portal vein; SMV, superior
mesenteric vein; POPF, postoperative pancreatic fistula; DGE, delayed gastric emptying. ‡v2 or Fisher’s exact test, except §Mann–Whitney U test.
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from splenic vessels37,45,46. Splenic vessel preservation requires
meticulous dissection of the splenic vessels from the pancreas
and control of small perforating blood vessels in order to prevent
bleeding. The robotic system may facilitate this dissection owing
to the articulating instruments and improved control over exces-
sive bleeding16,38.

Randomized studies comparing RDP with LDP are lacking.
Although both modalities were included in the Dutch LEOPARD
trial2, only 5 of 47 minimally invasive procedures in that study
were performed using the robotic approach. The LAPOP trial3 in-
cluded only LDP. Several other trials are comparing minimally in-
vasive with open distal pancreatectomy (NCT03957135 and
NCT03792932). Nevertheless, these trials include only LDP. For
pancreatic cancer, the ongoing DIPLOMA trial in patients with
pancreatic cancer (ISRCTN44897265) includes both LDP and RDP.

The study has limitations. The inherent drawback of retro-
spective studies is treatment allocation bias. Although both
groups were well balanced after propensity score matching,
treatment groups may still differ in unmeasured and unmatched
risk factors. For example, details regarding the specific location
of the tumour in the pancreatic body or tail or the tumour prox-
imity to the splenic vessels were missing, and this may have
influenced the differences in rate of successful spleen preserva-
tion. Yet, tumour size of 30 mm or more has been described as
the only risk factor for unplanned splenectomy during LDP42.

The validity of the data on intended spleen preservation can
be criticized given the retrospective design of the study, although
they were collected from prospective institutional collected data-
bases. Additionally, all patients were counselled before surgery
regarding the extension of the operation, including resection of
the spleen, and this was registered in patients’ files.

RDP is an expensive surgical technique. Unfortunately, a cost
or quality-adjusted life-year analysis was not feasible to perform
owing to cross-border differences in healthcare systems and
missing data, including consumables, imaging, and duration of
readmission. Single-centre studies from Europe and the USA
have reported similar cost-effectiveness for RDP in comparison
with LDP, whereas other studies have shown higher costs for
RDP47–49.

Differences in healthcare systems may have influenced some
of the postoperative outcomes, such as hospital stay and readmis-
sion rate. In the sensitivity analysis, hospital stay remained signifi-
cantly longer for RDP than for LDP. A clear explanation for these
findings could not be identified as patient characteristics and com-
plication rates were comparable between the two groups. It is pos-
sible that the longer hospital stay after RDP prevented some
readmissions. Finally, because these data were not available, sur-
geons’ experience and learning curve associated with short-term
outcome were not included in the analyses, although this might
have influenced the results. Yet, the impact was considered to be
minimal due to the multicentre setting, large number of patients,
and inclusion of only experienced centres.

Strengths of this study include the multicentre international
setting and the large number of procedures, reflecting the state
of RDP in experienced European centres. A multicentre interna-
tional RCT should confirm the findings while stratifying for
intended spleen preservation, and with special emphasis on cost-
effectiveness.
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Holstein, Lübeck, Germany).

Acknowledgements
M.A.H. and M.G.B. share senior authorship of this paper.

Disclosure. A.C. has received sponsorship from Ab medica (Italian
distributor of da VinciVR ; Intuitive Surgical, Sunnyvale, CA, USA) to
participate in scientific events over the past 3 years. F.N. has re-
ceived travel support for conference participation and equipment
provided for laparoscopic surgery courses from KARL STORZ,
Johnson & Johnson, Intuitive Surgical, Cambridge Medical
Robotics and Medtronic, and serves as a consultant for KARL
STORZ. M.A.H. has received a grants from Johnson & Johnson
Medical and Medtronic for multicentre RCTs in laparoscopic liver
and pancreatic surgery. M.G.B. has received grants from Johnson
& Johnson Medical, Medtronic and Intuitive for training pro-
grammes and multicentre RCTs in laparoscopic and robotic pan-
creatic surgery. The authors declare no other conflict of interest.

Supplementary material
Supplementary material is available at BJS online.

References
1. Asbun HJ, Moekotte AL, Vissers F, Kunzler F, Cipriani F, Alseidi A

et al. The Miami international evidence-based guidelines on

minimally invasive pancreas resection. Ann Surg 2020;271:1–14

Lof et al. | 193

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/108/2/188/6118363 by guest on 17 April 2024

academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaa039#supplementary-data


2. de Rooij T, van Hilst J, van Santvoort H, Boerma D, van den

Boezem P, Daams F et al. Minimally invasive versus open distal

pancreatectomy (LEOPARD). Ann Surg 2019;269:2–9

3. Björnsson B, Larsson AL, Hjalmarsson C, Gasslander T,

Sandström P. Comparison of the duration of hospital stay after

laparoscopic or open distal pancreatectomy: randomized con-

trolled trial. Br J Surg 2020;107:1281–1288

4. van Hilst J, de Rooij T, Klompmaker S, Rawashdeh M, Aleotti F,

Al-Sarireh B et al. Minimally invasive versus open distal pancrea-

tectomy for ductal adenocarcinoma (DIPLOMA). Ann Surg 2019;

269:10–17

5. Mehrabi A, Hafezi M, Arvin J, Esmaeilzadeh M, Garoussi C,

Emami G et al. A systematic review and meta-analysis of laparo-

scopic versus open distal pancreatectomy for benign and malig-

nant lesions of the pancreas: it’s time to randomize. Surgery

2015;157:45–55

6. Riviere D, Gurusamy SK, Kooby DA, Vollmer CM, Besselink

GHM, Davidson BR et al. Laparoscopic versus open distal pancre-

atectomy for pancreatic cancer. Cochrane Database Syst Rev 2016;

(4)CD011391

7. Abu Hilal M, Richardson JRC, de Rooij T, Dimovska E, Al-Saati H,

Besselink MG. Laparoscopic radical ‘no-touch’ left pancreatos-

plenectomy for pancreatic ductal adenocarcinoma: technique

and results. Surg Endosc 2016;30:3830–3838

8. Lof S, Korrel M, van Hilst J, Moekotte AL, Bassi C, Butturini G et

al. Outcomes of elective and emergency conversion in

minimally invasive distal pancreatectomy for pancreatic ductal

adenocarcinoma: an international multicenter propensity

score-matched study. Ann Surg 2019; 1–7. DOI:

10.1097/SLA.0000000000003717 [Epub ahead of print]

9. Lof S, Moekotte AL, Al-Sarireh B, Ammori B, Aroori S, Durkin D et

al. Multicentre observational cohort study of implementation

and outcomes of laparoscopic distal pancreatectomy. Br J Surg

2019;106:1657–1665

10. Søreide K, Olsen F, Nymo LS, Kleive D, Lassen K. A nationwide

cohort study of resection rates and short-term outcomes in

open and laparoscopic distal pancreatectomy. HPB 2019;21:

669–678

11. Lyman WB, Passeri M, Sastry A, Cochran A, Iannitti DA,

Vrochides D et al. Robotic-assisted versus laparoscopic left pan-

createctomy at a high-volume, minimally invasive center. Surg

Endosc 2019;33:2991–3000

12. Lee SY, Allen PJ, Sadot E, D’Angelica MI, Dematteo RP, Fong Y et

al. Distal pancreatectomy: a single institution’s experience in

open, laparoscopic, and robotic approaches. J Am Coll Surg 2015;

220:18–27

13. Daouadi M, Zureikat AH, Zenati MS, Choudry H, Tsung A,

Bartlett DL et al. Robot-assisted minimally invasive distal pan-

createctomy is superior to the laparoscopic technique. Ann Surg

2013;257:128–132

14. Niu X, Yu B, Yao L, Tian J, Guo T, Ma S et al. Comparison of surgi-

cal outcomes of robot-assisted laparoscopic distal pancreatec-

tomy versus laparoscopic and open resections: a systematic

review and meta-analysis. Asian J Surg 2019;42:32–45

15. Kamarajah SK, Sutandi N, Robinson SR, French JJ, White SA.

Robotic versus conventional laparoscopic distal pancreatic re-

section: a systematic review and meta-analysis. HPB 2019;21:

1107–1118

16. Liu R, Liu Q, Zhao Z-M, Tan X-L, Gao Y-X, Zhao G-D. Robotic ver-

sus laparoscopic distal pancreatectomy: a propensity score-

matched study. J Surg Oncol 2017;116:461–469

17. Zhou JY, Xin C, Mou YP, Xu XW, Zhang MZ, Zhou YC et al.

Robotic versus laparoscopic distal pancreatectomy: a meta-

analysis of short-term outcomes. PLoS One 2016;11:1–13

18. Elm E Von, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,

Vandenbroucke JP. The Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) statement: guide-

lines for reporting observational studies. Lancet 2007;370:1453–1457

19. Montagnini AL, Røsok BI, Asbun HJ, Barkun J, Besselink MG,

Boggi U et al. Standardizing terminology for minimally invasive

pancreatic resection. HPB 2017;19:182–189

20. Bosman F, Carneiro F, Hruban RH, Theise ND. WHO Classification

of Tumours of the Digestive System (4th edn). Lyon: International

Agency for Research on Cancer, 2010

21. Clavien PA, Barkun J, De Oliveira ML, Vauthey JN, Dindo D,

Schulick RD et al. The Clavien–Dindo classification of surgical

complications: five-year experience. Ann Surg 2009;250:187–196

22. Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki

JR et al. Delayed gastric emptying (DGE) after pancreatic surgery:

a suggested definition by the International Study Group of

Pancreatic Surgery (ISGPS). Surgery 2007;142:761–768

23. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham

M et al. The 2016 update of the International Study Group

(ISGPS) definition and grading of postoperative pancreatic fis-

tula: 11 years after. Surgery 2017;161:584–591

24. Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ

et al. Postpancreatectomy hemorrhage (PPH)—an International

Study Group of Pancreatic Surgery (ISGPS) definition. Surgery

2007;142:20–25

25. Austin P. Balance diagnostics for comparing the distribution of

baseline covariates between treatment groups in propensity-

score matched samples. Stat Med 2009;28:3083–3107

26. Kimura W, Inoue T, Futakawa N, Shinkai H, Han I, Muto T.

Spleen-preserving distal pancreatectomy with conservation of

the splenic artery and vein. Surgery 1996;120:885–890

27. Childers CP, Maggard-Gibbons M. Estimation of the acquisition

and operating costs for robotic surgery. JAMA Surg 2018;320:

835–836

28. van der Sluis PC, van der Horst S, May AM, Schippers C, Brosens

LAA, Joore HCA et al. Robot-assisted minimally invasive thoraco-

laparoscopic esophagectomy versus open transthoracic esopha-

gectomy for resectable esophageal cancer: a randomized

controlled trial. Ann Surg 2019;269:621–630

29. Parekh DJ, Reis IM, Castle EP, Gonzalgo ML, Woods ME, Svatek

RS et al. Robot-assisted radical cystectomy versus open radical

cystectomy in patients with bladder cancer (RAZOR): an open-

label, randomised, phase 3, non-inferiority trial. Lancet 2018;391:

2525–2536

30. Park JS, Choi GS, Park SY, Kim HJ, Ryuk JP. Randomized clinical

trial of robot-assisted versus standard laparoscopic right colec-

tomy. Br J Surg 2012;99:1219–1226

31. Khan MS, Gan C, Ahmed K, Ismail AF, Watkins J, Summers JA et

al. A single-centre early phase randomised controlled three-arm

trial of open, robotic, and laparoscopic radical cystectomy

(CORAL). Eur Urol 2016;69:613–621

32. Lawrie T, Liu H, Lu D, Dowswell T, Song H, Wang L et al. Robot-

assisted surgery in gynaecology. Cochrane Database Syst Rev 2019;

(4)CD011422

33. Melvin WS, Needleman BJ, Krause KR, Ellison EC. Robotic resec-

tion of pancreatic neuroendocrine tumor. J Laparoendosc Adv

Surg Tech 2003;13:33–36

34. Xourafas D, Ashley SW, Clancy TE. Comparison of perioperative

outcomes between open, laparoscopic, and robotic distal pan-

createctomy: an analysis of 1815 patients from the ACS-NSQIP

194 | BJS, 2021, Vol. 108, No. 2

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/108/2/188/6118363 by guest on 17 April 2024



procedure-targeted pancreatectomy database. J Gastrointest Surg

2017;21:1442–1452

35. van Hilst J, de Rooij T, Abu Hilal M, Asbun HJ, Barkun J, Boggi U

et al. Worldwide survey on opinions and use of minimally inva-

sive pancreatic resection. HPB 2017;19:190–204

36. de Rooij T, Cipriani F, Rawashdeh M, van Dieren S, Barbaro S,

Abuawwad M et al. Single-surgeon learning curve in 111 laparo-

scopic distal pancreatectomies: does operative time tell the

whole story? J Am Coll Surg 2017;224:826–832.e1

37. Chen S, Zhan Q, Chen J, Jin J, Deng X, Chen H et al. Robotic ap-

proach improves spleen-preserving rate and shortens postoper-

ative hospital stay of laparoscopic distal pancreatectomy: a

matched cohort study. Surg Endosc 2015;29:3507–3518

38. Hong S, Song KB, Madkhali AA, Hwang K, Yoo D, Lee JW et al.

Robotic versus laparoscopic distal pancreatectomy for left-sided

pancreatic tumors: a single surgeon’s experience of 228 consec-

utive cases. Surg Endosc 2020;34:2465–2473

39. Alfieri S, Boggi U, Butturini G, Pietrabissa A, Morelli L, Di

Sebastiano P et al. Full robotic distal pancreatectomy: safety and

feasibility analysis of a multicenter cohort of 236 patients. Surg

Innov 2020;27:11–18

40. Hua Y, Javed AA, Burkhart RA, Makary MA, Weiss MJ, Wolfgang

CL et al. Preoperative risk factors for conversion and learning

curve of minimally invasive distal pancreatectomy. Surgery

2017;162:1040–1047

41. Kristinsson SY, Gridley G, Hoover RN, Check D, Landgren O.

Long-term risks after splenectomy among 8149 cancer-free

American veterans: a cohort study with up to 27 years follow-

up. Haematologica 2014;99:392–398

42. Moekotte AL, Lof S, White SA, Marudanayagam R, Al-Sarireh B,

Rahman S et al. Splenic preservation versus splenectomy in lapa-

roscopic distal pancreatectomy: a propensity score-matched

study. Surg Endosc 2020;34:1301–1309

43. Shoup M, Brennan MF, McWhite K, Lueng D, Klimstra DS,

Conlon KC. The value of splenic preservation with distal pancre-

atectomy. Arch Surg 2002;137:164–168

44. Warshaw AL. Conservation of the spleen with distal pancreatec-

tomy. Arch Surg 1988;123:550–553

45. Dokmak S, Ftériche FS, Aussilhou B, Lévy P, Ruszniewski P,

Cros J et al. The largest European single-center experience: 300

laparoscopic pancreatic resections. J Am Coll Surg 2017;225:

226–234.e2

46. Jain G, Chakravartty S, Patel AG. Spleen-preserving distal pan-

createctomy with and without splenic vessel ligation: a system-

atic review. HPB 2013;15:403–410

47. Vicente E, Nunez-Alfonsel J, Ielpo B, Ferri V, Caruso R, Duran H

et al. A cost-effectiveness analysis of robotic versus laparoscopic

distal pancreatectomy. Int J Med Robot Comput Assist Surg 2019;

e2080:1–7

48. Magge DR, Zenati MS, Hamad A, Rieser C, Zureikat AH, Zeh HJ et

al. Comprehensive comparative analysis of cost-effectiveness and

perioperative outcomes between open, laparoscopic, and robotic

distal pancreatectomy. HPB 2018;20:1172–1180

49. De Pastena M, Esposito A, Paiella S, Surci N, Montagnini G,

Marchegiani G et al. Cost-effectiveness and quality of life analy-

sis of laparoscopic and robotic distal pancreatectomy: a propen-

sity score-matched study. Surg Endosc 2020; 1–9. DOI:

10.1007/s00464-020-07528-1 [Epub ahead of print]

Lof et al. | 195

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/108/2/188/6118363 by guest on 17 April 2024


	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5
	tblfn6
	tblfn7
	tblfn8
	tblfn9
	tblfn10
	tblfn11
	tblfn12
	tblfn13
	tblfn14
	tblfn15
	tblfn16

