Review paper

Laparoscopic distal pancreatectomy for benign and
malignant disease: a review of techniques and results

Danilo Coco!, Silvana Leanza?, Riccardo Schillaci®, Giuseppe Angelo Reina*

Department of General Surgery, Ospedali Riuniti Marche Nord, Pesaro, Italy
’Department of General Surgery, Carlo Urbani Hospital, Jesi, Ancona, Italy

*Department of General Surgery, Biancavilla Hospital, Biancavilla, Italy

“Department of General Surgery, Paterno’ Biancavilla Hospital, Paternd Biancavilla, Italy

Gastroenterology Rev 2022; 17 (2): 103-109
DOI: https://doi.org/10.5114/pg.2021.109625

Key words: pancreatic cancer, laparoscopic distal pancreatectomy, open distal pancreatectomy, radical antegrade modular
pancreatosplenectomy, Warshaw technique, Kimura technique.

Address for correspondence: Dr Danilo Coco, Department of General Surgery, Ospedali Riuniti Marche Nord, Pesaro, Italy,
phone: +393400546021, e-mail: webcostruction@msn.com

Abstract

Diagnosis of pancreatic cancer is challenging in the initial phases because its progression is rapid. The pancreatic tail and
body roughly accounts for 20-30% of all cancerous cases. The standard treatment for symptomatic benign, malignant, and
premalignant diseases of the pancreatic tail and body is distal pancreatectomy. This technique has been modified over the
years to fit certain indications, with the goal of enhancing post-operative results as well as reducing patient trauma. In cases
of a premalignant and symptomatic benign condition, the spleen must be preserved either using Kimura’s splenic vessel pres-
ervation technique or Warshaw’s splenic vessel resection technique. A better long-term prognosis is ensured by regional lymph
node dissection and radical RO resection. Radical antegrade modular pancreatosplenectomy was proposed to tackle the short-
comings of traditional surgery for pancreatic tail and body cancer. In this review, study techniques and results of laparoscopic
distal pancreatectomy for malignant and benign pancreatic ailments were described with the intention of providing knowledge
on various suitable techniques reported for pancreatic cancer treatment. Furthermore, this study will serve as a ready reckoner
for surgeons and could serve to boost their confidence levels during surgery by avoiding confusion on the selection of suitable

for the pancreatic diseases diagnosed.

Introduction

The standard treatment for malignant, premalig-
nant, and symptomatic benign lesions in the pan-
creatic tail and body is distal pancreatectomy. In the
case of malignant illness, a distal pancreatectomy
entails pancreatic tissue resection to the left of the
portomesenteric vein, which can be extended with
lymphadenectomy and splenectomy. This method
has been modified over the years to fit certain indi-
cations, with the goal of enhancing post-operative
results as well as reducing patient trauma. In com-
parison to open surgery, an approach of laparoscopy
to distal pancreatectomy has been related to lesser
post-operative morbidity and shorter hospital stay
[1, 2]. However, this method is assumed to be tech-
nically challenging compared to traditional surgical
procedures.

Efforts should be made to preserve the spleen in
cases of premalignant or symptomatic benign illness,
either by preserving splenic vessels as specified by
Kimura et al. [3] or by splenic vessel resection as de-
fined by Warshaw [4], because splenectomy is inca-
pacitating for subjects due to the need of antibiotics
and vaccinations for the prevention of potentially fatal
post-splenectomy sepsis. Also, after splenectomy, anti-
biotic prophylaxis is recommended by many guidelines
to prevent overwhelming post-splenectomy sepsis [5].

There has been a quantum leap from laparotomy
to laparoscopic to robotic-assisted pancreatectomy
with the advancement of technology. For decades, pro-
cedures that were consistent with oncology principles
for obtaining an accurate prognosis were studied with
regard to malignant tumours in the pancreatic tail or
body [6, 7].
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One of the most difficult surgical measures in ab-
dominal surgery is pancreatic surgery [8]. Some ana-
tomical drawbacks, like complex proximity to major
retroperitoneal and vasculature locations, held back
the laparoscopic procedural application in the pancre-
atic area [9]. With the advancement of skills in surgery
and laparoscopy instrumentation, laparoscopic distal
pancreatectomy (LDP) has been used widely for the
treatment of low-grade malignancies or benign lesions
in the pancreatic tail and body [10].

Concomitant splenectomy was regularly carried
out at the initial LDP stage for the sake of technolog-
ical simplicity. Researchers revealed that removing the
spleen put subjects at risk of serious complications like
overwhelming post-splenectomy infection (OPSI) and
post-operative thrombocytosis, which coincided with
a greater understanding of the spleen’s immunological
role over the years [11-13]. In recent clinical practice,
surgeons prefer preservation of the spleen whenever
feasible. Patients not only gain from minimal invasion
and faster recovery after the surgical procedure, but
also their long-term quality of life is significantly im-
proved after laparoscopic spleen-preserving distal pan-
createctomy (LSPDP) [14].

Spleen-preserving distal pancreatectomy (SPDP)
can be performed either with spleen vessel preserva-
tion or resection. Warshaw of Massachusetts General
Hospital was the first to report SPDP with the splenic
vein and artery ligation in 1988 [4]. Doctor Warshaw’s
surgical treatment was eventually named after him. In
1996, for the very first time, Kimura et al. of Yamagata
University reported splenic vessel preservation (SVP) in
spleen-preserving distal pancreatectomy [3]. Diverting
multiple short branches from the splenic artery and
vein spreading to the tail and body of the pancreas is
an inevitable technical issue while performing splenic
vessel preservation, which necessitates specific care
and requires a lot of time. Many laparoscopic surgeons
have favoured the Warshaw method in recent years be-
cause it is relatively convenient to operate. However,
past research has associated the Warshaw method with
an increased risk of stomach varices and splenic infarc-
tion, as well as theoretical gastrointestinal bleeding
risk during long-term follow-up [15, 16]. During distal
pancreatectomy, spleen preservation is gaining appre-
ciation as the concept of precise surgical procedures
is advancing. Despite advancements in potential ther-
apeutic approaches, post-operative pancreatic fistula
(POPF) continues to be a surgical complication begging
for greater intervention.

Short-term results of SVP and Warshaw operations
were found to be different when studies were compared
[17-19]. It is worth noting that the long-term effects of
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the Warshaw technique, particularly on the immunolog-
ical functioning of preserved spleens, have received lit-
tle attention. With these viewpoints, the present study
is conducted to review the available literature reports to
outline the techniques and results of LDP (laparoscopic
distal pancreatectomy) for malignant and benign pan-
creatic disorders.

Laparoscopic distal pancreatectomy
(LDP)

Only in the event of incapacitating symptoms should
benign neoplasms of the distal pancreas be treated.
The resection of premalignant neoplasms is a must
for preventing cancer from progressing. Surgery is the
only possible curative treatment option for pancreatic
cancer. Distal pancreatectomy was a relatively uncom-
mon procedure until lately, owing to the low pancreatic
tumour incidence and high unresectable disease pro-
portion at first presentation. The total number of distal
pancreatectomies conducted each year has augmented
in recent years, which is assumed to be chiefly due to
increased usage and higher diagnostic imaging quality
and has resulted in subsequent pancreatic cyst detec-
tion [20]. The laparoscopic method to distal pancreatec-
tomy is becoming more popular, and it is now regarded
by some as a standard method for distal pancreatec-
tomy for premalignant and benign ailment [21]. How-
ever, because this treatment is technically challenging,
it must only be conducted by surgeons who have ade-
quate experience with both advanced laparoscopic gas-
trointestinal surgery and open pancreatic surgery [22].

Techniques

The technique of LDP can vary greatly between
different centres and surgeons. Numerous investiga-
tions have shown low intra-operative loss of blood, low
rates of conversion, and short operational timeframes
[23-26]. In numerous aspects, the method described
here was similar. Four to 5 trocars are positioned in
a semi-circular way centred around an umbilical cam-
era, as shown in Figure 1. The opening of the gastrocolic
ligament should be done using an energy device whilst
the gastroepiploic vessels are to be preserved. The
stomach is lifted with a suture allowing accessibility to
the lesser sac as well as good pancreatic exposure. The
Figure 1 shows 2 large, non-tied suture bites through
the posterior fundus that are then led out next to the
epigastric port [23, 24]. A laparoscopic retractor device
can also be used to retract the stomach otherwise. At
this stage, intra-operative ultrasound is used to deter-
mine the lesion’s exact position, its relationship with
splenic vessels, as well as the resection level required.
The pancreas is then mobilized once the mobilization
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of the inferior pancreatic border is done, making it ac-
cessible to the surface of the posterior pancreas. The
superior pancreatic border is dissected further to allow
placement of nylon tape around the pancreas. The use
of this nylon tape is made to demarcate surgical planes
and permit greater mobility.

During LDP, the best choice is transection of the
pancreas first and then use of ultrasonic/sealing or/
and electrocautery equipment to separate splenic ves-
sels from the pancreatic specimen in a medial to lateral
approach. Transection of small vessels from the splenic
vein or artery to the pancreas is possible. This should
be done with caution because bleeding posterior to
the pancreas might be difficult to control and demands
blockage of the splenic blood supply. The surgical plain
is delineated by slinging the pancreas on both sides of
the tumour with nylon tape and splenic vessels with
vessel loops, ensuring enhanced peripancreatic tissue
surveillance. The use of this procedure permits easy
seclusion of the splenic vessels and pancreas from
surrounding structures, making pancreatic transection
simpler while avoiding damage to the main vessels
[25-28]. The use of a laparoscopic 90° serrated grasper
facilitates slinging the splenic vessels with vessel loops.
A lateral-to-medial dissection can be tried if the lesion
is situated distally in the tail.

Results

In comparison to open distal pancreatectomy (ODP),
laparoscopic distal pancreatectomy with its widespread
global use has been shown to be linked with better
peri-operative results, in addition to less intra-operative
loss of blood and shorter hospital stay. Subjects who
underwent LDP had a shorter hospital stay than those
who had an open resection. Furthermore, although LDP
causes less loss of blood in patients, careful selection
is crucial because subjects who require conversion may
have increased complication rates as well as pancreatic
leakage [1, 26, 29-33]. Emerging research articles also
show that laparoscopic distal pancreatectomy leads to
a decrease in post-operative morbidity [1, 32, 33].

In the present literature, there are just 2 randomised
controlled trials (RCTs) comparing ODP with LDP so far.
De Rooij reported a single-blind, multicentre RCT (lap-
aroscopic vs. open pancreatoduodenectomy for pan-
creatic or periampullary tumours (LEOPARD)). Subjects
suffering from pancreatic tail or body tumours lacking
vascular invasion were separated randomly into ODP
and minimally invasive distal pancreatectomy (MIDP)
groups. During minimally invasive distal pancreatecto-
my, the outcomes showed less loss of blood as well as
a lengthier operating period [34]. Bjornsson reported on
another study, which was an unblinded, parallel-group,
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Figure 1. Trocar placement for laparoscopic dis-
tal pancreatectomy. The use of a transparent
5 mm trocar, which is an additional trocar, is sug-
gested during LDP for cancer because it enables
easier lymphadenectomy at the celiac trunk and
hepatic artery. Source: De Rooij et al. 2015 [27]

single-centre superiority trial. In this research, the lap-
aroscopic distal pancreatectomy group showed com-
parable benefits with regards to a post-operative hos-
pital stay as well as intra-operative loss of blood [35].
Minimally invasive distal pancreatectomy was proven
to reduce the functional recovery time and improve
life quality with no increase in hospitalisation cost in
comparison to open distal pancreatectomy, as per the
outcomes of 2 randomised controlled trials. Both ran-
domised controlled trials, however, failed to show that
laparoscopic distal pancreatectomy has a benefit in
terms of morbidity. Table | lists the short-term results
of ODP and LDP as reported by several researchers in
the literature [36-39].

Radical antegrade modular
pancreatosplenectomy (RAMPS)

Diagnosis of pancreatic cancer in the early stages is
difficult because its progression is rapid. The pancreatic
tail and body account for around 20-30% of all cases
of cancer [40]. Because regional dissection of lymph
nodes and radical RO resection result in improved long-
term prognosis, techniques in achieving this aim via
standardized surgical approaches have become a hot
issue lately. In 2003, Strasberg proposed radical ante-
grade modular pancreatosplenectomy to overcome the
constraints of a conventional surgical method for tail

Gastroenterology Review 2022; 17 (2)



Table I. Short-term post-operative outcomes of LDP and ODP
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Ovs.2
0.6vs.1

6 (4-13) vs. 8 (6-12)°

39 vs. 23 25vs. 38
22.4vs. 33
62.5vs. 75

51vs. 57
1562 vs. 1359

Randomized control trial

De Rooij, 2019 [34]

N/A
7.5 (6-9) vs. 9 (8-11)®

N/A
50 vs. 55

Retrospective

Klompmaker, 2019 [39]
Partelli et al., 2021 [33]

Ovs. 0

40 vs. 84

Retrospective

N/A

5 (4-5) vs. 6 (5-7)8

N/A — not available, “p < 0.001; results expressed as mean + standard deviation, ®p < 0.001; results expressed as median (interquartile range), ‘p < 0.05; results expressed as median (range), °p < 0.001; postoperative hospital

days, expressed as median (range), 'data after cohorts were matched.

N/A

Randomized control trial 29 vs. 29 31vs. 38

Bjornsson et al., 2020 [35]

and body cancer of the pancreas. Positive margins were
discovered as a result of unsatisfactory retroperitoneal
dissection, poor intra-operative bleeding control, as well
as insufficient lymphadenectomy [41].

Techniques

In contrast to a conventional radical surgical meth-
od for tumours sited in the pancreatic tail or body, rad-
ical antegrade modular pancreatosplenectomy uses
a “medial to lateral” technique. The pancreatic neck is
transected first, then the splenic vein and artery are li-
gated at the root, and the left lymph nodes of the celiac
trunk and superior mesenteric artery are then dissect-
ed. The entire sample, including the pancreatic tail and
body, left anterior renal fascia, and spleen, undergoes
resection along the left renal vein surface [42].

Results

The efficacy and safety of RAMPS were indicated
in a retrospective study, and the findings revealed that
the RO resection, as well as 5-year survival rates, were
satisfactory. The RAMPS outcomes improved greatly
in comparison to the traditional surgical method [42].
Other large series have also recommended that rad-
ical antegrade modular pancreatosplenectomy can
increase the total number of retrieved lymph nodes
as well as the negative margin rate; hence, facilitat-
ing radical resection and prolonging survival [43].
As a modification of standard retrograde pancreato-
splenectomy (SRPS), a comparison of radical ante-
grade modular pancreatosplenectomy was done with
SRPS, and the short-term results indicate a reduced
intra-operative loss of blood, improved retrieval of
lymph nodes, and the time of operation was shorter
with radical antegrade modular pancreatosplenecto-
my. Additionally, more frequent RO resection than SRPS
was also shown. Furthermore, RAMPS also had a bet-
ter rate of survival than SRPS [44].

Technically, exposing the dissection plane around
the deep organs under the left costal margin can be
challenging. This raises the possibility of insufficient
oncologic dissection risk. To solve this, Watanabe et al.
proposed the left kidney mobilisation method. This was
proven for being oncologically sound as well as safe in
lateral retroperitoneal dissection during radical ante-
grade modular pancreatosplenectomy for distal pan-
creatic cancer [45]. With the exception of pancreatic
cancer, radical antegrade modular pancreatosplenecto-
my has produced better oncological results for all pan-
creatic tumours. Therefore, when there is no availability
of pre-operative histological diagnosis, RAMPS could be
recommended for all operative tumours that involve the
pancreatic tail and body [46].
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Kimura and Warshaw techniques
for spleen-preserving distal
pancreatectomy

In the case of malignant illness of distal pancreas,
distal pancreatectomy with subsequent splenectomy is
recommended, to guarantee substantial lymph node
resection situated along the splenic artery and the
splenic hilum [47, 48]. Also, splenectomy is commonly
practiced for technical motives, like the involvement of
vascular tumours, but mostly because preservation of
the spleen can be challenging technically. In the situ-
ation of non-malignant illness, however, spleen pres-
ervation is recommended, because preservation of
the spleen has been linked to reduced peri-operative
infections as well as shorter hospital stay [5, 49-51].
As per many systematic evaluations, the introduction
of the laparoscopic method in distal pancreatectomy
is already linked to increased spleen-preserving dis-
tal pancreatectomy (SPDP) rates, with an odds ratio of
3 for laparoscopy in comparison to open surgery [52-54].
Even though the actual cause is unknown, it has been
claimed that an improved view during laparoscopic sur-
gery, which allowed better splenic vessel visualisation,
led to this finding.

Kimura et al. described an SPDP technique in 1996,
which included splenic vein and artery preservation
[3]. The researchers came to the conclusion that the
method is safe and easy. Contrary to this declaration,
this spleen-preservation procedure is recognized to be
technically demanding, because the dissection of splen-
ic vessels should be performed circumferentially and
should be carefully separated from the pancreas. This
method is recommended for proven benign illness. In
the situation of premalignant ailment, this technique
is recommended when there is no attachment of the
lesion to the splenic vessels or spleen; otherwise, a sub-
sequent splenectomy or a SPDP with splenic vessel re-
section is required.

Warshaw introduced an SPDP with splenic vessel
transection in 1988 [4]. The transection of the splen-
ic vein and artery is performed along the side of the
portomesenteric vein and at the splenic hilum during
this technique, which is now known as the Warshaw
method. Staplers or Hem-o-lok clips can be used for
vascular control [24, 55]. It is vital to note that by us-
ing 2 Hem-o-lok clips, the vessels can be secured. To
prevent the clips from slipping off, a sufficient vascular
cuff must be left.

It is still unclear whether the Warshaw or Kimura
technique is superior [56—58]. However, a systematic
review conducted by Jain et al. reported more issues
related to the spleen after the Warshaw method than
after the Kimura method, which includes the necessity

of post-operative splenectomy (2% vs. 0%, p = 0.001),
chronic abdominal pain (38% vs. 0%, p = 0.048), and
splenic infarction (22% vs. 2%, p = 0.001) [59]. Thus,
the Kimura procedure must be attempted first, with the
short gastric arteries being preserved initially. If there
is no feasibility for this approach, the Warsaw proce-
dure can be carried out. These recommendations are
supported further by recent multicentre retrospective
research conducted by Paiella et al. wherein if a Kimura
technique does not seem feasible during SPDP, a War-
shaw technique was suggested instead of conducting
splenectomy [60]. The transection of splenic vessels is
done in this circumstance. The left gastroepiploic ar-
tery must be preserved because it is assumed to play
a significant role in preventing post-operative splen-
ic ischaemia. A vascular endo stapler is also a viable
choice for transecting vessels; however, it might be too
bulky. Again, clipping and transection of the splenic ves-
sels is made much easier by slinging them with vessel
loops. When using the Warshaw procedure for spleen
preservation, a bulldog arterial clamp can optionally be
used, which reduces splenic blood flow temporarily. Al-
ternatively, the splenic artery can subsequently be dis-
sected medially to the level of the potential pancreatic
resection line before pancreatic transection during this
technique [25].

During the spleen-preservation method, splenic
perfusion must always be examined by the surgeon at
the procedural end. A splenectomy must be carried out
when splenic ischaemia symptoms, such as extensive
ischaemic zones, are evident. Ten per cent of subjects
may experience this [56]. Ebihara et al., in their pro-
spective study, found that in the case of doubts about
splenic vascularity perfusion during the Warshaw and
Kimura laparoscopic techniques, the use of IndoCyanine
Green (ICG) can help reduce post-operative complica-
tions related to the spleen. The study, with the use of
this technique, did not show ischaemia or postoperative
splenic abscesses [61].

Conclusions

Laparoscopic distal pancreatectomy has been indi-
cated to provide improved peri-operative outcome viz.
reduced intra-operative loss of blood, a shorter period
of stay in the hospital, and decreased post-operative
morbidity prognosis over open distal pancreatectomy
technique for premalignant and benign pancreatic ail-
ments. Radical antegrade modular pancreatosplenecto-
my can increase the negative margin rate and the total
number of retrieved lymph nodes, thereby facilitating
radical resection as well as prolonged survivability.
Hence, RAMPS could be recommended for all tumours
that are operable involving the pancreatic tail and body
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when there is no availability of a pre-operative histo-
logical diagnosis. The SPDP techniques, i.e. Warshaw
and Kimura procedures, are recommended for malig-
nant pancreatic diseases and have short-term and long-
term results that are comparable. If a Kimura technique
does not appear to be possible during SPDP, a Warshaw
procedure would be suggested instead of conducting
a splenectomy. In the case of perfusion concerns, the
use of ICG is recommended.
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