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Abstract: Over recent years, minimally invasive pancreatic resections have increasingly been reported in

the literature. Even though pancreatic surgery is still considered a challenge for surgeons due to its technical

difficulties and high morbidity, the consolidation of minimally invasive pancreatic surgery has included the

treatment of pancreatic neuroendocrine tumors (PNETs). This article presents a systematic review of the

literature with regards to the laparoscopic treatment of PNETS in order to assess the safety and feasibility of

laparoscopic pancreatic resections.
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Pancreatic neuroendocrine tumors (PNETs) are a rare
pathology, representing 2% to 4% of all pancreatic
tumors (1), with an increasing rate of diagnosis over the
last twenty years (2). Even if many medical treatments have
been proposed (3-6), surgery plays a key role in the curative
treatment of these tumors, requiring different types of
surgical approaches depending on tumor location, ranging
from atypical to typical pancreatic resections. Recently, the
minimally invasive pancreatic approach has been considered
superior in terms of intraoperative blood loss, postoperative
pain, time to recovery, and length of hospital stay (7-9).
The aim of this article was to perform a systematic
review of the literature, in order to evaluate the feasibility
and safety of the minimally invasive treatment of PNETs.

Materials and methods

A systematic search of the literature, restricted to articles in
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English, was performed using MEDLINE® and PubMed®
to identify studies published between January 1, 1999 and
March 30, 2015, focusing on patients who underwent a
laparoscopic resection of PNETs. This review protocol
was developed according to PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines. The keywords used to perform the bibliographic
search were the following: [(“laparoscopy”[MeSH Terms]
OR “laparoscopy”[All Fields] OR “laparoscopic”[All
Fields]) AND (“neurosecretory systems”[MeSH Terms]
OR “neuroendocrine”[All Fields]) AND (“pancreas”[MeSH
Terms] OR “pancreas”[All Fields]) AND (“neurosecretory
systems”[MeSH Terms] OR (“neurosecretory”[All
Fields] AND “systems”[All Fields]) OR “neurosecretory
systems”[All Fields] OR “neuroendocrine”[All Fields])
AND (“pancreas”[MeSH Terms] OR “pancreas”[All Fields])
(“laparoscopy”[MeSH Terms] OR “laparoscopy”[All Fields]
OR “laparoscopic”[All Fields]) AND (“insulinoma”[MeSH
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Terms] OR “insulinoma”[All Fields]) AND
(“pancreas”[MeSH Terms] OR “pancreas”[All Fields]).
Only series with more than 20 patients were included
in this study to exclude any selection bias and consider
the experience of high volume centers. In case of multiple
studies originating from the same group, only the one with
the largest number of patients was included in the review.
All relevant data and articles were analyzed and extracted
by two independent observers (Riccardo Memeo, Stefania
Roselli) who consensually decided upon the eligibility of

articles.

Inclusion and exclusion criteria

In this review, comparative studies were included in the
analysis and data concerning minimally invasive surgery
were extracted manually. Studies reporting data on
preoperative, intraoperative, postoperative morbidity and
mortality, pathological findings, and oncological outcomes
were considered for analysis. Minimum and maximum
values were noted for each item. Animal studies and clinical
studies including less than 20 cases were excluded.

Results

The literature search identified a total of 281 potentially
relevant articles, 12 of which were chosen (10-21). A
flowchart of the selected studies is shown in Figure 1. In the
end, a total of 596 patients were analyzed.

Most series presented in the study were comparative
studies (open versus laparoscopic surgery), except for the
study by Cienfuegos et /. (15) which described a pure
laparoscopic series. This comparison allowed to understand
and estimate the percentage of patients who were operated
on laparoscopically, with a mean value of 50% (range:
8-100%). Insulinoma, gastrinoma, and non-functioning
PNETS were indications for surgery. Insulinoma was the
most common indication in 66% of cases. The results were
summarized in 7able 1. Operative time ranged from 123.8
to 352 minutes depending on the volume and experience of
the center, with a mean value of 212 minutes per procedure.
Blood loss was considerably low, with a mean value of
180 mL per procedure (124.8-250 mL). The mean
conversion rate was 13.7% (0-41.3%). Difficult dissection
was the most common cause of conversion. As for
postoperative morbidity, 33% of patients had postoperative
complications. Pancreatic fistula was present in 31% of
cases, with a majority of grade A pancreatic fistulas. No
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mortality was present in the series. The mean duration of
hospital stay was 10 days (range: 5-14.4 days). RO resection
was performed in 95% of cases (range: 80.5-100%).

Discussion

Many studies in the literature have recently confirmed
the possibility of performing a safe and feasible minimally
invasive treatment of hepatobiliary cancer (22-31). This
review confirms the possibility of performing laparoscopic
resection for PNETs.

In our review, 12 studies were included in the analysis.
Most of them were comparative studies based on open
and laparoscopic procedures, and only one represented a
series of pure laparoscopic cases. In order to obtain strong
data on the subject, series with less than 20 cases were
excluded from the analysis. Even if different pathologies
were treated in the series (functioning and non-functioning
lesions, insulinoma, gastrinoma), patients were included
in the review in order to strictly analyze the technical
feasibility of the procedure without considering long-
term results specific to each pathology. Accordingly, the
recurrence rate and oncological results were not considered
in the analysis. Given the results of the analysis, operative
time and blood loss were comparable to data described in
the literature. The conversion rate varies depending on
centers. However, the rate of conversion seems reasonable
and comparable to previously described data. Conversion
was necessary due to difficulties in dissection, and could be
considered mandatory in order to perform safe procedures.
The morbidity rate varies according to the definition of
postoperative complications. The data should be analyzed
carefully according to the different classifications provided
by authors. The rate of pancreatic fistula was also similar to
the data described in the literature for open resections (32),
considering that soft pancreatic tissue with a small
pancreatic duct seemed to have an increased risk of
fistula (33). Given the possibility of atypical resection
or enucleation, the rate of fistula could be considered
acceptable, as previously described by Drymousis et 4/ (10).
Length of hospital stay, as previously demonstrated in
the meta-analysis by Tamburrino ez 4/. (32), is considered
inferior as compared to open surgery, due to reduced
postoperative pain and earlier resumption of food intake.

Our review had several biases. The retrospective
characteristic of most studies could well impact the analyzed
data. We did not have any detailed information on tumor
characteristics and localization and we did not have any
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Articles retrieved from
search: 281

{ Duplicates excluded: 161 |

l Articles reviewed: 120 ‘

! Not relevant: 45 |

l Articles reviewed: 75 ‘

Insufficient number of
patients: 63

Selected articles: 12 ‘

Figure 1 Flowchart of search history (original figure).

sufficient data to understand technical difficulties which had
impacted length of stay and conversion rate for instance.
No data were provided concerning the type of pancreatic
resection. However, different classifications of postoperative
complications were integrated into the analysis.

In conclusion, this review demonstrated the feasibility of
pancreatic resection for PNETs, with a safe postoperative
course and comparable intraoperative results. Future
radiochemotherapies (RCTs) are required in order to better
identify patients and pathologies which could benefit from
this minimally invasive approach for pancreatic lesions.
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