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Abstract

Background: Minimally Invasive Pancreatic Enucleation, either laparoscopic or robot-assisted, is rarely

performed. The aim of this study was to offer the current available evidence about the outcomes of

minimally invasive pancreatic enucleations and explore the possible advantage of this approach over

traditional surgery.

Methods: PubMed (MEDLINE), Cochrane Library and Embase (ELSEVIER) medical databases were

searched for articles published from January 1990 to March 2022. Studies which included more than 10

cases of minimally-invasive pancreatic enucleation were included. Data on the outcomes were synthe-

tized and meta-analyzed when appropriate.

Results: Twenty studies published between 2009 and 2022 with a total of 552 patients were included in

the systematic review: three hundred fifty-one patients (63.5%) had a laparoscopic intervention, two

hundred and one (36.5%) robot-assisted with a cumulative incidence of conversion rate of 5%.

Minimally-invasive surgery was performed in 63% of cases on the body/tail of the Pancreas and in 37%

of the cases on the head/uncinate process of the Pancreas. The cumulative post-operative 30 days -

mortality rate was 0.2% and the major postoperative morbidity (Clavien-Dindo III-IV-V) 35%. Clinically

relevant pancreatic fistula was observed in 17% of the patients.

Compared with the standardized open approach (n: 366 patients), mean length of hospital stay was

significantly reduced in patients undergoing minimally invasive pancreatic enucleation (2.45 days,

p = 0.003) with a favorable trend for post-operative major morbidity (Clavien-Dindo III-IV) (- 24% RR, p:

0.13). Operative time, blood loss and clinically relevant pancreatic fistula rate were comparable between

the two groups. One hundred and fourteen robot-assisted enucleations entered in a subgroup analysis

with comparable results to open surgery.

Conclusion: Minimally-Invasive approach for pancreatic enucleation is safe, feasible and offers short-

term clinical outcomes comparable with open surgery. The potential benefit of robotic surgery will need

to be verified in further studies.
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Introduction

Pancreatic Enucleation is a valid surgical option for benign or
low-grade malignant lesions to achieve both radical resection and
organ-function sparing.1 Moreover, recent literature reported
that enucleation, when appropriate, may be associated with
reduced perioperative morbidity in comparison with standard
resection.2,3 Pancreatic enucleation is a challenging operation
whose main difficulties lie in proper intra-operative identifica-
tion of the resection margins and precise dissection of the pa-
renchyma avoiding weakening/injuries of the main pancreatic
duct. The reported rate of post-operative pancreatic fistula is not
irrelevant, ranging around 30–40%.4,5 A minimally invasive
approach is apparently well suited for pancreatic enucleation
given the small surgical sample or the lack of reconstructive
procedures and could therefore favorably impact on post-
operative recovery. However, whether or not the minimally
invasive approach is advantageous in pancreatic enucleation is
still not supported by a consistent body of evidence.
The aim of this systematic review and metanalysis is firstly to

investigate the available evidence on the surgical outcomes of
minimally invasive pancreatic enucleation (MI-pEn) and sec-
ondly to explore the possible advantages of this approach over
conventional open enucleation (O-pEn).
Methods

This study was performed in accordance with the guidelines of
preferred reporting items for systematic reviews and metanalysis
(PRISMA) 2015.6

Literature search strategy and study identification
A systematic literature search of Pubmed (MEDLINE), Cochrane
Library and Embase (ELSEVIER) databases was performed
independently by two researchers (RR and MAB, 22nd march
2022). The following combination of terms was used for the
research (“Pancreas”OR“Pancreatic”)AND(“Enucleat*”). We
restricted our research on papers published from January 1990 to
March 2022.

Eligibility criteria
The reference list was screened to find relevant articles that
mentioned MI-pEn (laparoscopic or robot-assisted pancreatic
enucleation) in the abstracts. Either prospective or retrospective
studies were considered eligible. No language restriction was
applied. Data from conference proceedings and reviews were
excluded. Full text reading of the articles screened was then
implemented to include in the analysis only papers that reported
data on surgical outcomes specifically for the MI-pEn group with
a number of patients treated greater or equal to 10. The case load
limit of 10 patients treated was adopted to reduce the risk of
“learning curve” bias for a rare and high technically demanding
surgery.
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Data collection and outcome measure
Title and abstract were evaluated for every study screened in the
literature to assess the eligibility by two different reviewers (RR
and LB). The articles not adherent to the topic or inappropriate
for the study design were excluded. Full texts of the potentially
eligible studies were evaluated to assess their inclusion in the
analysis. Any disagreement was resolved by discussion. For the
studies that met the eligibility criteria title, authors, journal,
years, country, study period, study design, number of patients,
patient characteristics, indication for surgery, type of surgery,
post-operative outcomes and complications were extracted.
Our primary endpoint was Length of Stay (LoS). Secondary

endpoints were operative time, blood-loss, rate of major post-
operative morbidity (Clavien-Dindo III-IV-V) and clinically-
relevant pancreatic fistula (CRPF) rate.
According to the definition of clinically relevant pancreatic

fistula, which is defined as a drainage output of any measurable
volume of fluid with a level of amylase greater than 3 times the
upper level of normal institutional serum amylase, associated
with a clinically significant development/condition directly
related to POPF; we considered CRPF: ISGPF 2005 Pancreatic
Fistula B/C7 and ISGPF 2016 Pancreatic Fistula B/C8 as some
studied were published before 2016.

Quality assessment
Two researchers (RR, LB) independently assessed for methodo-
logical quality and risk of bias among the included studies ac-
cording to ROBINS-I tool for non-randomised studies and
Cochrane risk tool for randomized trials9 (Table 1).

Statistical analysis
All analyses were performed according to the original treatment
allocation (intention-to-treat analysis). Descriptive statistics
were performed and data was expressed as mean (SD) or median
(range) where appropriate. For binary outcome data, the relative
risks (RR) and 95% confidence intervals (CIs) were estimated
using the Mantel-Haenszel method. For continuous outcome
data, the mean differences (MD) and 95% CIs were estimated
using inverse variance weighting; when means and/or standard
deviations (SDs) were not reported, they were estimated from the
reported medians, ranges, and sample size as described by Hozo
et al.10 A fixed-effects model was used in all meta-analyses, and
the same analyses were redone in a random-effects model.
Heterogeneity was assessed using the Higgins I2 test, I2

values > 50% indicated the presence of significative
heterogeneity.11

Potential sources of heterogeneity were explored using
different sensitivity analyses: comparing fixed-effects versus
random-effects models (thus incorporating heterogeneity using
the second method), checking the results of cumulative
(sequentially including studies by date of publication) and in-
fluence meta-analyses (calculating pooled estimates by omitting
one study at a time).
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 1 MI p-En: patients characteristics and short-term outcomes

Reference Country Year Period N MI-pEn Lap/Rob Age (Years) M/F Tumour Diagnosis

Luo et al.12 China 2009 2000–2007 14 14/0 NA NA NEN: 14

Dedieu A. et al.13 France 2010 1999–2007 23 23/0 49 ± 16b 12/11 NEN:15, MCN:1, IPMN:1, Others:6

Fernàndez-Cruz et al.14 Spain 2012 1999–2007 13 13/0 61 ± 32.4a NA NEN: 13

Zureikat AH. et al.15 USA 2013 2008–2012 10 0/10 NA NA NA

Choi K. et al.16 Korea 2014 2005–2011 11 11/0 43 ± 12.5b 1/10 MCN:4, SCN:4, Others:3

Song K. et al.17 Korea 2015 2005–2013 30 30/0 51.2 ± 11.8b NA NA

Jin J. et al.18 China 2016 2010–2015 31 0/31 51 ± 17.8a 11/20 NEN:13, SCN:4, IPMN:8, Others:6

Tian F. et al.20 China 2016 2000–2015 60 0/60 45.2 ± 13.1b 21/39 NEN: 60

Shi Y. et al.19 China 2016 2010–2014 26 0/26 50.1 ± 14.1b 11/16 NA

Zhang. R. et al.21 China 2016 2001–2014 15 15/0 49.5 ± 13.1b 6/9 NEN:6, MCN:2, SCN:1, others:6

Dokmak S. et al.41 France 2016 2008–2015 30 30/0 50 ± 14b 20/10 NEN:19, MCN:6, Others:6

Siech M. et al.23 Germany 2017 2008–2016 48 48/0 NA NA NA

Belfiori G. et al.24 Italy 2018 2003–2016 15 12/3 46.6 ± 43.3a 8/7 NEN: 15

Di Benedetto et al.25 Italy 2018 2013–2018 12 0/12 51.9 ± 43.6a 6/6 NEN: 12

Chen K. et al.26 China 2018 2004–2018 30 30/0 49.6 ± 13.6b 8/22 NEN:13, MCN:4, SCN:4, Others:9

Ore A. S. et al.27 USA 2019 2014–2016 43 31/12 54.6 ± 15.3a 30/13 NEN:33, MCN:4, Others:6

Najafi N. et al.28 Germany 2020 2008–2015 19 7/12 50 ± 45.6a 9/10 NEN: 17, IPMN: 1, Others:1

Shigenori Ei et al.29 Germany 2021 2001–2020 40 21/19 55.3 ± 16.1a 13/27 NEN:11, MCN:6, SCN:5, IPMN:12, Others:6

Bencini L. et al.30 Italy 2021 2014–2020 16 0/16 55.6 ± 40.1a 10/6 NEN: 14, Others:2

Jianwei Xu et al.31 China 2021 2014–2020 66 66/0 43.6 ± 16.7b 21/45 NEN:34, MCN:4, SCN:4, Others:24

Ref. Combined
Surgery n. (%)

Tumor Site
H–U/B-T

TS (mm)a Conver.
n. (%)

OT (min) BL (ml) Mort.
n. (%)

Morb.
n. (%)

PF B/C
n. (%)

Re-Op
n. (%)

Hosp. (days)

12 0 (0) 5/9 NA 2 (13) NA NA 0 (0) NA NA 0 (0) NA

13 0 (0) 8/15 24.5 ± 18b 2 (8.7) 124 ± 80b 64 ± 162b 1 (4.3) 4 (17) 1 (4.3) 1 (4.3) 9 ± 3b

14 13 (100) NA 28.6 ± 1.6a 0 (0) 166 ± 157a 213 ± 150a 0 (0) NA 3 (23) 0 (0) 6.3 ± 0.8a

15 NA NA NA 0 (0) 206 ± 67b NA 0 (0) 5 (50) 3 (30) 0 (0) 6.6 ± 7.7a

16 0 (0) 0/11 40 ± 3.3b 0 (0) 97.4 ± 16.6b 36 ± 11.9b 0 (0) 1 (9) 1 (9) 0 (0) 5.5 ± 1.7b

17 NA 3/27 21 ± 16b 0 (0) 191 ± 45.3b NA 0 (0) 3 (10.7) 3 (10.7) 0 (0) 7.8 ± 3.5b

18 NA 16/15 20.3 ± 1.8a 0 (0) 100 ± 7.5a 30 ± 31a 0 (0) NA 12 (38.7) 0 (0) 13 ± 3.5a

20 0 (0) 27/33 13.7 ± 3.4a 3 (5) 117 ± 66.5a 35 ± 247.5a 0 (0) 8 (13) 6 (10) 0 (0) 12 ± 7.5a

19 0 (0) 11/16 23.3 ± 12b 0 (0) 124.6 ± 50.9b 76 ± 85.4b 0 (0) 12 (46.2) 7 (27) 0 (0) 22.6 ± 15.6b

21 0 (0) 3/12 34 ± 18b 1(6.7) 118.2 ± 33.1b 80 ± 71.2b 0 (0) 6 (40) 3 (20) 0 (0) 7.9 ± 3.4b

41 NA NA NA 1 (3) 107 ± 61b 63 ± 142b 0 (0) 11 (37) 5 (15) 0 (0) 12 ± 9b

23 NA NA NA 5 (12) NA NA 0 (0) 23 (47) NA 5 (12) 27 ± 48a

24 NA 4/11 15.8 ± 14a 3 (20) 150 ± 54.9a NA 0 (0) 10 (66.7) 3 (20) 1 (6.7) 19.3 ± 15.3a

25 NA 5/7 9.6 ± 10a 0 (0) 214 ± 151a 56 ± 75a 0 (0) 4 (33.3) 1 (8.3) 0 (0) 3.6 ± 2.5a

26 NA NA NA 0 (0) 135 ± 148b 118 ± 186b 0 (0) 5 (16.7) 2 (6.7) 0 (0) 12.6 ± 19.4b

27 0 (0) NA NA 7 (16.3) 136 ± 18.75a NA NA 12 (28) 7 (16.7) 1 (2.3) 4 ± 0.5a

28 0 (0) 1/18 27.3 ± 44a 0 (0) 197 ± 176a 68 ± 116a 0 (0) 5 (26.3) 5 (26.3) 0 (0) 12.3 ± 13.6a

29 NA 8/32 23 ± 4.5a 1 (2.5) 125 ± 17.3a 50 ± 22.5a 0 (0) 7 (18%) 7 (18) 2 (5) 7.5 ± 1a

30 2 (12.5) NA 26.6 ± 20a NA 187 ± 183a NA 0 (0) 2 (12.5) 2 (12.5) NA 12.3 ± 13.6a

31 NA 42/24 37.6 ± 56b 3 (4.5) 198 ± 261b 702 ± 1512b 0 (0) 16 (24.2) 13 (19.7) NA 17.6 ± 27.2b

Legend: N: Number, M/F: Male/Female, TS: Tumor Size, MPD: Tumor-Main Pancreatic Duct distance. NA: Not Assessed, NEN: Neuroendocrine
Neoplasm, MCN: Mucinous Neoplasm, SCN: Serous Neoplasm, IPMN: Intraductal Papillary Mucinous Neoplasm. Ref: reference, H–U/B-T:
Head-Uncinate process/Body-Tail, TS: Tumor Size, Conv: Conversion (number),OT: Operative Time, BL: Blood Loss, Mort: Mortality, Morb:
Morbidity PF: Pancreatic Fistula, Re-Op: Re-Operation, Hosp: Hospitalization, NA: Not Assessed.
a Mean ± SD calculated with Hozo formulas.
b Mean ± SD from the original article.
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Publication bias was assessed by generating a funnel plot and
performing a linear regression test for funnel plot asymmetry.12

All analyses were conducted using the R 3.3.1 package meta (see
Fig. 1).
Results

Literature search
The literature search on PubMed (MEDLINE), Cochrane Library
and Embase (ELSEVIER) medical databases revealed Two
thousand three-hundreds eighty-three articles. Two thousand
three-hundreds twenty-two articles were excluded as they were
duplicates or did not match the main topic. Sixty-one articles
were evaluated in full text. Forty-one articles were excluded as
they were review/expert-opinion, case series of less than 10 pa-
tients or did not report relevant outcomes object of the analysis.
Twenty articles were included in the systematic review. Twelve
Figure 1 Identification of new studies via databases and registers
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articles were then excluded from the metanalysis since they did
not report a direct comparison between open and minimally-
invasive pancreatic enucleations (Fig. 1).

Systematic review – qualitative analysis
Twenty studies13–32 published between 2009 and 2022 with a total
of 552 patients undergoing MI-pEn: were included in the sys-
tematic review (Table 1A-B). Three hundred fifty-one patients
(63.5%) had a laparoscopic intervention, two hundred and one
(36.5%) robot-assisted. The median number of patients reported
in each paper was 24.5 (IQR: 14.8–33.3), the largest cohort (n:66)
is published by a Chinese group in a recent paper.32 The mean age
was 50.4 ± 4.5 years with prevalence of male patients (77.7%). The
pathology was recorded in 16 articles for 439 enucleations with
neuroendocrine neoplasm (NEN) being the most common
diagnosis (n: 289, 67%), followed by mucinous cystic neoplasm
(MCN) (n: 31, 7%), intraductal papillary mucinous neoplasm
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 2 ROBINS-I tool (Stage II) for assessing risk of bias in non-randomised studies

Confounding Selection of
participants

Classification of
interventions

Deviations from
intended
interventions

Missing data Measurement
of outcomes

Bias in selection
of reported result

Song K. et al.17 High Risk High Risk Low Risk No Information Low Risk Low Risk Low Risk

Jin J. et al.18 High Risk High Risk Low Risk No Information Low Risk Low Risk Low Risk

Tian F. et al.20 Moderate Risk Moderate Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Shi Y. et al.19 High Risk High Risk Low Risk No Information High Risk High Risk High Risk

Zhang. R. et al.21 High Risk High Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Belfiori G. et al.24 High Risk High Risk Low Risk No Information Low Risk Low Risk Low Risk

Ore A. S. et al.27 High Risk High Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Shigenori Ei et al.29 Moderate Risk Moderate Risk Low Risk Low Risk Low Risk Low Risk Low Risk
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(IPMN) (n: 22, 5%) and serous cystic neoplasm (SCN) (n: 22,
5%). Others rare indication as symptomatic pseudocyst, solid
pseudopapillary tumor and Lymphangioma occurred in 74 cases
(17%). Thirteen articles reported the location of 363 lesions: 133
(37%) were located in the head/uncinate process whereas 230
(63%) in the body/tail of the Pancreas; in the robot-assisted
enucleation subgroup19–21,26,31 55 (43.6%) versus 71 (56.4%).
The mean tumor size was 24.6 ± 8.7 mm (n: 377, 14 studies). The
mean operative time was 149 ± 39 min (n: 490, 18 studies); the
mean intra-operative blood loss ranged was 122 ± 180 cc (n: 376,
13 studies). Cumulative conversion rate to open surgery was 5%
(28/552, 20 studies). One patient is reported to die the post-
operative period (30 days mortality), giving a mean mortality
rate of 0.2%. Major post-operative morbidity (Clavien-Dindo III-
IV-V) was recorded in 134 of 381 patients (35.1%). Clinically
relevant pancreatic fistula was reported in 84 of 490 patients
(17.1%). Re-Operation was required in 10 of 470 patients (2.1%).
The mean length of hospital stay was 11.5 ± 6.3 days (n: 490, 19
studies).
Metanalysis of comparative studies
MI-pEn versus O-pEn
Eight studies18–22,25,28,30 with a total of 626 patients were included
in the metanalysis18–22,25,28,30: 366 patients treated with standard
open enucleation and 260 treated either with laparoscopy of
robot-assisted enucleation. All included studies were compara-
tively retrospective and thoroughly described the study design and
methods (Tables 3 and 4). All of them compared minimally-
invasive to open surgery in pancreatic enucleation with a case
load of more than 10 patients treated with MI-pEN. Three studies
reported only robot-assisted cases for the minimally invasive
arm,19–21 and two others18,22 only laparoscopic cases.
Pooled Analysis (Table 4) showed that MI-pEn and O-pEn

group were comparable in terms of operation time (MD: -
14.63 min; 95% CI, −40.81/11.56; p = 0.27; I2 = 85%) but with a
significative reduction of blood loss in the minimal invasive
group (MD: - 89.12 mL; 95% CI, −124.27/-53.98; p < 0.01;
I2 = 0%) (Fig. 2A and B).
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Regarding the postoperative outcomes, both major morbidity
(RR: 0.74; 95% CI: 0.49/1.10; p = 0,13; I2 = 0%) and CRPF (RR:
0.90; 95% CI: 0.63/1.28; p = 0.55; I2 = 21%) did not reach a
statistical significance difference between the two groups (Fig. 2C
and D). Instead, the Length of Stay was significantly reduced in
the MI-pEn group as compared with O-pEn (MD: −2.45 days;
95% CI: −3.96/-0.95; p = 0.003; I2 = 57%) (Fig. 2E).
Not all outcomes of interest in the meta-analysis are reported

in all comparative studies included in the meta-analysis. Spe-
cifically, operative time is defined in all studies; Blood-loss, major
morbidity, POPF, and Length of stay are based on a number of
studies with a total number of patients included in the meta-
analysis of respectively: 4/8 (320), 7/8 (561), 7/8 (via 561) and
7/8 (583).

Robot-assisted pEn versus O-pEn
Three retrospective comparative studies with a total of 219 pa-
tients were included in the metanalysis.19–21 Only 3/117 cases of
conversion to open surgery were reported. Operation time, post-
operative major morbidity as clinically relevant POPF and
Length of stay did not differ between the two groups but remains
significative the reduction of blood loss in the Robot-assisted
compared to the open procedure (MD: - 81.26 mL; 95%
CI: −143.35/-19.18; p < 0.01; I2 = 0%) although only two studies
analyzed this outcome (Table 4).
No further subgroup analysis was performed according to

indication for surgery or MI-approach as separate subgroup (ex.
Laparoscopic versus robotic surgery); data were not provided or
sufficient for a measure effect estimation.

Quality assessment and risk of bias
Critical appraisal of the included studies revealed heterogeneous
quality. With regard to internal validity, no clinical study was
blinded or randomized. Three studies performed and analysed
more than 40 enucleations. According to the ROBINS-I risk of
bias in non-randomized studies33 the overall risk of bias assess-
ment for the studies included resulted “High” (Table 2).
In our analyses, “I” value (heterogeneity) was 57% for the

primary endpoint. “I” values of the secondary endpoints were
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 3 Characteristics of the studies included in the Metanalysis

Reference Inclusion
Criteria:

Exclusion Criteria: Study Aim: Study Design: Tumor Diagn. N: Qual.
Assessment:

Song K. et al.17 � Benign or low-
grade malig-
nant tumors of
the pancreas
who under-
went pancre-
atic
enucleation.

NA Evaluate the
postoperative clinical
outcomes after
pancreatic
enucleation

Retrospective NEN:24, MCN:9,
SCN:9, IPMN:7

Poor

Jin J. et al.18 � Enucleation for
benign or
borderline
tumor of the
Pancreas.

NA Evaluate post-operative
benefit of robotic
pancreatic
enucleation versus
open

Retrospective
(Prospective
Database)

NEN:26, MCN:4,
SCN:6, IPMN:12

Poor

Tian F. et al.20 � pNET max.
diameter 2 cm

� Distance
between
tumour and
main
pancreatic
duct greater
than 2 mm

� No evidence of
pancreatic
duct dilatation.

� Multiple pNETs or
ectopic lesions

� History of
pancreatic
resection

� Procedures
synchronous with
enucleation

� Distant metastasis
� Pancreatitis
� Pancreatic
Adenocarcinoma

� Severe cardiac or
pulmonary
disease

Assess the safety and
efficiency of robotic
surgery for the
enucleation of small
pNETs

Retrospective
(Prospective
Database)
Propensity
score
Matching.

NEN: 120 Fair

Shi Y. et al.19 �Generally good
condition
� Absence of
multiple
tumours

� At least
1–2 mm away
from the main
pancreatic
duct

� No evidence of
malignancy

� No previous
history of
upper
abdominal
surgery.

NA Discuss the clinical
evaluation and
postoperative
complications after
robotic pancreatic
enucleation and
compare it with open
surgery

Retrospective. NA Poor

Zhang. R. et al.21 �Pancreatic
Enucleation

� Enucleations with
combined organ
resection.

Compare perioperative
outcomes of patients
undergoing
Laparoscopic
Enucleation and Open
Enucleation and to
assess the pancreatic
function after
Laparoscopic
Enucleation

Retrospective.
(Prospective
Database)
Intention-to-
treat analysis.

NEN:17, MCN:5,
SCN:4

Poor

Belfiori G. et al.24 � Enucleations
for sporadic
insulinoma

NA Compare short-term
and long-term
outcomes of minimally
invasive laparoscopic
or robotic enucleation
(MIC-EN) and open
enucleation (O-EN) for

Retrospective
(Prospective
Database)

NEN: 71 Poor

HPB 2023, 25, 603–613 © 2023 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Table 3 (continued )

Reference Inclusion
Criteria:

Exclusion Criteria: Study Aim: Study Design: Tumor Diagn. N: Qual.
Assessment:

sporadic benign
insulinoma

Ore A. S. et al.27 � Pancreatic
Enucleation

� Patients when the
surgical approach
was not specified

� Concomitant
surgical
procedures
performed

Verify that minimally-
invasive (MI)
pancreatic
enucleation is
associated with
decreased composite
major morbidity
(CMM) compared to
open

Retrospective
(Prospective
Database).
Intention-to-
treat analysis.

NEN:89, MCN:7,
SCN:1

Poor

Shigenori Ei
et al.29

� Enucleation for
benign tumors
of the
Pancreas

� Tumors with main
pancreatic duct
(MPD) involvement

� Suspected
preoperative
evidence of
malignancy

Compare outcomes
between Minimally
Invasive Enucleation
(ME) and open
enucleation (OE)

Retrospective
(Prospective
Database).
Intention-to-
treat analysis.
Propensity
score
Matching.

NEN:36, MCN:13,
SCN:18, IPMN:42

Fair

Legend: Diagn: Diagnosis, Qual: Quality, NEN: Neuro-Endocrine Neoplasia, MCN: Mucinous Cistyc neoplasia, SCN: Sierous Cistyc Neoplasia,
IPMN: Intraductal Papillary Mucinous Neoplasm.
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0 and 21% for rate of major post-operative morbidity and
clinically-relevant pancreatic fistula respectively; 85 and 0% for
Operative Time and Blood Loss respectively. Linear regression
test of funnel plot asymmetry did not highlight any anomalies so
that we considered the occurrence of publication bias unlikely.
Cumulative and influence analysis did not find any change of the
significatively of the results for all the outcomes analyzed.
Table 4 Characteristics of the patients included in the Meta-Analysis

Ref. Groups N Tumor Site
H–U/B-T

Tumor Size,
mm

OT, min

17 Open (En)
Lap (En)

35 30 24/11 3/27 31 ± 19b

21 ± 16b
169,8 ± 47b

191 ± 45.3b

18 Open (En)
Rob (En)

25 31 19/6 16/15 23.75 ± 3.75a

20 ± 2.75a
149.5 ± 20a

100 ± 7.5a

20 Open (En)
Rob (En)

60 60 30/30 27/33 13,8 ± 3,6a

13,7 ± 3,4a
150 ± 50a

117 ± 66.5a

19 Open (En)
Rob (En)

17 26 9/8 11/16 35 ± 19b

23 ± 12b
198.5 ± 70.7b

124.6 ± 50.9

21 Open (En)
Lap (En)

22 15 15/7 6/9 33 ± 27b

34 ± 18b
155,2 ± 44.3b

118.2 ± 33.1

24 Open (En)
Lap + Rob (En)

56 15 37/22 4/11 NA 180 ± 71.25a

150 ± 54.92

27 Open (En)
Lap + Rob (En)

71 43 NA NA 125 ± 9.83a

136 ± 18.75

29 Open (En)
Lap + Rob (En)

80 40 23/56 8/31 22 ± 2.5a

23 ± 4.25a
125 ± 10.83a

125 ± 17.25

Legend: Ref: reference, Lap Laparoscopic, Rob: Robotic, H–U/B-T: Hea
Dindo Morbidity III-IV-V, POPF B/C: Clinically relevant Post-Operative Pa
Length of Stay.
a Mean and SD calculated with Hozo formulas.
b Mean and SD from the original article.
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Discussion

Pancreatic enucleation has emerged in the last years as a valuable
option for the treatment of pancreatic benign or low-grade
neoplasia1,34–37 avoiding endocrine and exocrine sequelae of
standard pancreatic resections.1 With the advancement of lapa-
roscopic and robotic techniques, minimally invasive approach
Blood Loss,
ml

Morbidity
C-D > II, n (%)

POPF B/C,
n (%)

LOS, days

NA NA NA 11.9 ± 6.2b

7.8 ± 3.5b

NA 4 (16) 2 (6.5) 13 (52) 12 (38.7) 20.75 ± 4.25a

13 ± 3.5a

80 ± 295a

35 ± 247.5a
6 (10) 2 (3) 10 (17) 6 (10) 13.5 ± 20.25a

12 ± 7.5a

b
157.1 ± 114.2b

76 ± 85.4b
1 (5.8) 1 (3.8) 3 (17.6) 7 (26.9) 23.9 ± 16.8b

22.6 ± 15.6b

b
195.5 ± 103,4b

80 ± 71.2b
1 (4.5) 2 (13.3) 3 (13.6) 3 (20) 11.2 ± 5.7b

7.9 ± 3.4b

a
NA 13 (23,2) 2(13.3) 12 (21.4) 3 (20) 9 ± 10.5a

19.25 ± 15.33a

a
NA 24 (34) 12 (28) 14 (19.7) 7 (16.3) 5 ± 0.33a

4 ± 0.5a

a
100 ± 41.67
50 ± 22.5

16 (20) 7(18) 17 (21) 7 (18) 8 ± 1.13a

7.5 ± 1a

d-Uncinate Process/Body-Tail, OT: Operative Time, C-D > II: Clavien-
ncreatic Fistula, grade B/C sec ISGPS 2016, RO: Re-Operation, LOS:

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 2 Forest and Funnel Plot of the main outcomes.Legend: A: Operative Time, B: Blood Loss, C: Major Morbidity (Clavien-Dindo III-IV), D:

POPF B/C, E: Length of Stay
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for pancreatic lesions is used more often given its advantages in
terms of cosmetics and early recovery.38,39 Although MI-pEn has
been reported as feasible and safe in experienced high-volume
centers,13,14,17 the wide-spread implementation of this
approach in the real world is strongly limited by lack of specific
recommendations. No randomized trial is nowadays available
and evidence is therefore limited to retrospective series. The only
meta-analysis published in literature by Guerra et al.40 in 2018,
suggested a advantage of the minimally invasive approach with a
significantly shorter length of hospital stay (mean difference: 5.18
days P < 0.0001) but questionable in light of the small sample
size considered (166 MI p-En patients) and relatively low quality
of the studies included with 3/8 reporting less than 10
minimally-invasive procedures and therefore potentially biased
by confounders that was reflected into the elevate heterogeneity
reported on the primary outcome (I2 = 61%). A review in the
light of the controversial data recently published (after 2017) to
validate this result and revive the indication for minimally
invasive surgery of pancreatic enucleation seems therefore
appropriate. In particular Ore et al., in 201925 published a
retrospective cohort study of 114 pancreatic enucleation (43
minimally-invasive) implementing a multivariate analysis that
failed to find an association between surgical approach and
operating time or post-operative morbidity but highlighted an
advantage in term of length of hospital stay for the MI-pEn
patients (5 vs 4 days, p < 0.05).
Shigenori Ei et al. from Heidelberg in 202130 made a com-

parison between open and minimally invasive approach after a
propensity (2:1) score matching for tumor location, histopa-
thology, age, BMI, and sex. The post-match comparison regar-
ded 120 patients. They found a statistically significant difference
in term of intra-operative blood loss (100 cc vs 50 cc) in favor of
minimally-invasive surgery but no difference in terms of hospital
stay. The results of the meta-analysis are based on all eight studies
only in the case of operative time; the other outcomes are based
on seven studies except for blood loss, the result of which stems
from 4 studies with about half the predicted 320/627 patients. In
the latter case although significance is itself secondary to sample
size, the inability to extend the analysis to all studies included a
priori in the meta-analysis is a critical issue.
Our work collects the broad number of pancreatic enucleations

specifically attempted with minimally invasive approach (n: 552).
Our updated cumulative analysis suggests that minimally-invasive
pancreatic enucleation is a safe and feasible procedure with only
5% conversion rate but affected by a non negligeable complication
rate with 35% of major morbidity and 17% of clinically relevant
fistula. However, morbidity in MI-pEn appears be comparable to
standard open pancreatic enucleation1,41 and therefore probably
associated with the type of procedure (pancreatic enucleation)
rather than the approach (minimally-invasive or open) adopted.
Those relatively high morbidity rate in any case do not translate
into elevated mortality rate (0.2%). The results of this cumulative
HPB 2023, 25, 603–613 © 2023 International Hepato-P
analysis are comparable to another systematic review conducted
on the topic by Dalla Valle et. in 2018.42

The metanalysis observe that a minimally invasive approach
for pancreatic enucleation achieves short-term clinical outcomes
comparable with the standard open approach. The possible
advantage in terms of reduction in the length of hospitalization
(−2.45 days; p = 0.003) and post-operative major morbidity
(Clavien-Dindo III-IV) (- 24%, p: 0.13) must be considered in
light of the limitations expressed below.
In our metanalyis the selection bias cannot be ruled out, owing

to the lack of randomization and the scarcity of baseline data in
some of the included studies. For most studies it is unclear
whether the patients included in the open enucleation group
would also have been suitable for minimally-invasive enucle-
ation. Moreover, the approach is generally reported as dependent
to the preference of the attending surgeon without debating
important factors that may have influenced this decision. Su-
perficial or deep parenchyma localization as distance from the
main pancreatic duct were seldom reported and neoplasms
enucleated by laparoscopy were more likely located in the distal
pancreas (63%) in comparison to the head/uncus
(37%).13,14,17–22,25,26,29,30,32,43–46 Given that tumor location is
thought to affect the risk of developing a clinically relevant
pancreatic fistula because of the risk of pancreatic ducts
injury,5,47 this selection bias has to be taken into account.
Another Risk factor that should be considered is the cystic
morphology of the lesion, associated to significantly increased
morbidity in pancreatic enucleation.48 However, apart from two
papers that did not mention the specific relative frequency,18,20

cystic lesions were reported in similar frequency between pa-
tients undergoing minimally-invasive (55/204, 26.9%) and open
approach (86/314: 27.4%) in our comparative studies. One of the
other important points that was not possible to investigate was
whether MI-PEn was associated with more R1 resections,
because none of the studies reported this parameter. Attention to
this point should be encouraged in further publications, also in
view of recent controversies about its clinical relevance in NEN.49

From a technical point of view neither pre-operative pancreatic
stent placement,50 nor Intra-Operative Ultrasound (IOUS) was
routinely adopted in the papers analyzed.
Notwithstanding the low evidence of the studies included,

our work condenses the best available evidence and confirms
the findings of most individual recent papers.28–30,46 To rein-
force the implementation of a minimally invasive approach for
pancreatic enucleation a multicenter RCTspecifically evaluating
the short-term outcomes, would be of considerable relevance.
This, however, appears difficult to implement in light of the
rarity of the surgical indication in question, the technical dif-
ficulty of the procedure (learning curve bias) and surgeon
preferences. Properly designed studies with direct comparison
to laparoscopy are also needed to better assess the additional
value of Robotics.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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