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Abstract

stump have been made to mitigate morbidity.

Background: Pancreatic resections are complex and technically challenging surgical procedures. They often come
with potential limitations to high-volume centers. Distal pancreatectomy is a relatively simple procedure in most
cases. It facilitates the development of up-to-date minimally invasive surgical procedures in pancreatic surgery
including laparoscopic distal pancreatectomy and robot-assisted distal pancreatectomy.

Main body: To obtain a desirable long-term prognosis, RO resection and adequate lymphadenectomy are crucial to
the surgical management of pancreatic cancer, and they demand standard procedure and multi-visceral resection if
necessary. With respect to combined organ resection, progress has been made in evaluating and determining
when and how to preserve the spleen. The postoperative pancreatic fistula, however, remains the most significant
complication of distal pancreatectomy, with a rather high incidence. In addition, a safe closure of the pancreatic
remnant persists as an area of concern. Therefore, much efforts that focus on the management of the pancreatic

Conclusion: This review summarized the historical development of the techniques for pancreatic resections in
recent years and describes the progress. The review eventually looked into the controversies regarding distal
pancreatectomy for tumors in the body and tail of the pancreas.
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Introduction

Distal pancreatectomy (DP) emerged as the standard
surgical procedure for the treatment of pancreatic body
and tail lesions since the first case of pancreatic body
and tail resection in 1884 [1]. With the advancement in
technology, the revolution leaped from laparotomy to
laparoscopic and now robotic-assisted pancreatectomy.
Regarding malignant tumors in the body or tail of the
pancreas, methods that are consistent with the principles
of oncology for achieving a precise prognosis have been
explored for decades [2, 3]. As the concept of precise
surgical treatment is upgrading, spleen preservation dur-
ing DP is becoming increasingly appreciated. Despite the
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progress in the promising therapeutic strategies, postop-
erative pancreatic fistula (POPF) remains a surgical com-
plication that begs for more interventions. Thus, this
study aimed to review the surgical progress and contro-
versial issues related to DP.

Development of minimally invasive technology in
distal pancreatectomy
Evolution from open distal pancreatectomy to
laparoscopic distal pancreatectomy
Implementation of minimally invasive techniques in
pancreatic surgery was once restrained by anatomic dis-
advantages. These include complex proximity of the
pancreas to major vasculature and its retroperitoneal lo-
cation [4].

The first laparoscopic DP (LDP) was reported by
Cuschieri et al. in 1996 following the successful
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treatment of chronic pancreatitis. This confirmed that a
minimally invasive technique was feasible for left pancre-
atic surgery [5]. A decade later, the rapid development
of minimally invasive techniques put LDP at the fore-
front and has been increasingly implemented as an alter-
native to open surgery [6]. Despite the advantages over
the open approach, the minimally invasive approach suf-
fers some adoption issues for pancreatic surgery. With
the evolution in technology and experience, the standard
approach to lesions of the pancreatic body and tail based
on the existing literature is laparoscopic distal or left-
sided pancreatic resections [7].

With its widespread use worldwide, LDP was proven
to be associated with improved perioperative outcomes,
including less intraoperative blood loss and shorter
length of hospital stay, compared to open distal pancrea-
tectomy (ODP). Patients who had laparoscopic distal
pancreatectomy experience shorter hospital stay com-
pared to patients undergoing open resection. In addition,
even though with laparoscopic distal pancreatectomy,
patients experience lesser blood loss, the selection is im-
perative because patients who required conversion might
face higher rates of complications and pancreatic leak
[8—14]. Reduced postoperative morbidity was also shown
with LDP from the emerging literature [8, 13, 14]. How-
ever, others suggested that there was no significant dif-
ference in overall complications, including POPF,
between LDP and ODP [9-12].

Thus far, two randomized controlled trials (RCTs) com-
paring LDP and ODP have been reported in the current
literature. A single-blind multicenter RCT (Laparoscopic
versus Open Pancreatoduodenectomy for Pancreatic or
Periampullary Tumors (LEOPARD)) study was reported
by de Rooij. Patients with pancreatic body or tail tumors
without vascular invasion were randomly divided into the
minimally invasive distal pancreatectomy (MIDP) and
ODP groups. The results revealed reduced blood loss and
longer operating time during MIDP [15]. Another study
was unblinded, parallel-group, single-center superiority
trial reported by Bjornsson. This study established similar
advantages in terms of intraoperative blood loss and post-
operative hospital stay in the LDP group [16]. Based on
the findings of the two RCTs, MIDP is found to shorten
the time to functional recovery and improve the quality of
life without increasing the cost of hospitalization as com-
pared with ODP. Surprisingly, both RCTs failed to dem-
onstrate the advantage of LDP on morbidity. To address
the reduction in major morbidity observed during the
LEOPARD trial, which was deemed statistically insignifi-
cant, Klompmaker et al. conducted an international multi-
center study to increase the sample patient population.
They performed appropriate adjustments for the con-
founding factors by indication. Their results suggested
that MIDP was independently associated with reduced
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composite major morbidity, which includes death and
severe complications [17]. With robotic-assisted proce-
dures, a significant increase in the frequency of resections
was performed for asymptomatic tumors. This is putting
technology far front and a promising intervention in the
nearest future.

Mini-invasive procedure in pancreatic ductal
adenocarcinoma

As LDP improves short-term prognosis over ODP, it has
been proposed that LDP can yield the same or non-inferior
oncologic outcome compared with ODP. This includes
similar surgical metrics such as the rate of RO resection and
long-term survival or disease-free survival [7, 11]. Subse-
quently, the safety and efficacy of LDP were corroborated
by a few studies on LDP for pancreatic neuroendocrine
tumors (PNETs). In one of these studies, patients who
underwent MIDP and ODP for the treatment of PNETSs
had comparable oncologic outcomes, including long-term
disease-free survival and overall survival [13, 14, 18, 19].
Although the ODP group might have had higher lymph
node yield when compared with the MIDP group, long-
term survival was not influenced by the choice of the surgi-
cal option [10, 14]. Therefore, LDP is advantageous for be-
nign and low-grade malignant pancreatic lesions as
compared to traditional open surgery, with the same onco-
logical efficacy (Table 1).

In the recent past, it was believed that laparoscopic
radical surgery for pancreatic cancer was too difficult for
popularization due to its associated technical challenges
[20]. Furthermore, due to these challenges, the oncologic
outcome might be questionable [21]. However, with the
recent advancement in technology and extensive devel-
opment of comprehensive treatment options, consider-
able progress has been made with LDP in the treatment
of pancreatic cancer.

In 2010, Kooby reported the first series of 235 patients
with pancreatic ductal adenocarcinomas in a multicenter
analysis that compared ODP with LDP. The results
showed no significant difference in the positive margin
rate, number of positive lymph nodes, and overall sur-
vival rate between the two groups. Logistic regression
analysis suggested that the prognosis had no correlation
with the surgical technique (ODP vs. LDP). This indi-
cates that minimally invasive techniques may not affect
the prognosis of tumors [22]. Following studies on early-
stage pancreatic cancer cases, similar results were
reported. This verified that LDP was comparable to
ODP in terms of safety and effectiveness in the treat-
ment of pancreatic cancer [23, 24]. Other large series
further proved that patients with pancreatic cancer who
underwent LDP had faster recovery of gastrointestinal
function, shorter hospital stay, less intraoperative blood
loss, and fewer overall complications than those who
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Table 1 Short-term postoperative outcomes of laparoscopic distal pancreatectomy and open distal pancreatectomy

Author, year  Research type  Research classification (laparoscopic/ Postoperative Complications Hospitalization ~ Mortality

robotic vs. laparotomy) pancreatic fistula (%) (%) time (days) (%)

Kooby, 2008 [7] Retrospective 142 vs. 200 11 vs. 18 40 vs. 57 5,9Ai 38vs.90+ Ovs. 1
6.0

Vijan, 2010 [9]  Retrospective 100 vs. 100t 17 vs. 17 34 vs. 29 6.1Ai 24vs.86+ 3vs. 1
59

Limongelli, Retrospective 16 vs. 29 18 vs. 20 4vs. 12 64+23vs.86+ 0vs. 1

2012 [12] 174

Stauffer, 2013 Retrospective 82 vs. 90 6vs. 10 13 vs. 20 4 (1-10) vs. 8 (3—  N/A

01 18)°

Lee, 2015 [10]  Retrospective 131/37 vs. 637 6/5 vs. 9 32/32 vs. 40 5 (5-7)/5 (5-8) vs. 0.6/0 vs.
7 (6-9)° 0

Xourafas, 2015  Retrospective 73 vs. 98 6vs. 15 30 vs. 47 5(3-18) vs. 7 (4- 5vs. 13

[13] 39)°

Han, 2018 [18]  Retrospective 42 vs. 52 95 vs. 154 26.2 vs. 346 7 (4-18) vs. 9 (7= N/A
66)°

Zhang, 2019 Propensity score- 141 vs. 141 10.6 vs. 9.9 48.2 vs. 582 4(4-6)vs.7(5- 07vs. 14

[19] matched 9)¢

De Rooij, 2019 Randomized 51 vs. 57 39 vs. 23 25 vs. 38 6 (4-13)vs.8 (6~ O0vs.2

[15] control trial 12)8

Klompmaker, Retrospective 1562 vs. 1359 N/A 224 vs. 33 N/A 06 vs. 1

2019 [17]

Partelli, 2020 Retrospective 40 vs. 84 50 vs. 55 62.5vs. 75 75(6-9) vs.9 (8- 0vs. 0

(141 1)°

Bjornsson, 2020 Randomized 29 vs. 29 31 vs. 38 N/A 5@-5)vs.6 (5- N/A

[16] control trial 78

N/A not available

AP < 0.001; results expressed as mean + standard deviation

Bp < 0.001; results expressed as median (interquartile range)

€p < 0.05; results expressed as median (range)

PP < 0.001; postoperative hospital days, expressed as median (range)
"Data after cohorts were matched

had open procedure. Meanwhile, the incidence of grade
C pancreatic fistula was lower in the LDP group, and no
significant difference in oncologic surgical indices and
tumor prognosis was found between the two groups
[25-29].

Recently, a pan-European propensity score-matched
study (Minimally Invasive versus Open Distal Pancrea-
tectomy for Ductal Adenocarcinoma (DIPLOMA) which
includes patients with pancreatic ductal adenocarcin-
omas from 34 centers in 11 countries was reported by
van Hilst et al. They found thatblood loss was less and
hospital stay was shorter after MIDP, while morbidity
and mortality had no correlation with the choice of the
surgical technique. Higher RO resection rate and lower
lymph node retrieval in MIDP did not influence the
comparable survival for pancreatic ductal adenocarcin-
oma after MIDP and ODP [30].

Overall, LDP is believed to be safer and more
effective than traditional open surgery in some
selected cases of pancreatic cancer, in terms of onco-
logic outcome (Table 2). With few cases and limited
evidence in the literature, further prospective RCT
interventions are imperative.

Development of robot-assisted distal pancreatectomy

In 2002, Melvin et al. reported the first case of robot-
assisted pancreatic body and tail resection [31]. In the
following two decades, robotic pancreatic surgery
became increasingly common worldwide, especially in
North America [32]. It has been well known that robotic
distal pancreatectomy (RDP) is related to higher spleen
preservation rate and less blood loss than LDP, while
morbidity and mortality are similar between RDP and
LDP [33-36].

As RDP is increasingly being performed across centers
in the USA [37], Raoof et al. reported a national com-
parison of RDP and LDP with respect to the oncologic
outcomes of pancreatic cancer in 2018. They found no
difference in the margin-positive rate, lymph node yield,
hospital stay, and overall survival between the two
groups [38]. Moreover, the most recent report on pan-
creatic ductal adenocarcinomas in a national cohort by
Nassour et al. suggested improved long-term overall sur-
vival for RDP than for ODP [39].

The significant cost of robotic instrumentation renders
RDP more expensive than LDP; hence, this approach is
not cost-effective [40]. De Pastena et al. reported that



Jiang et al. World Journal of Surgical Oncology (2021) 19:49

Page 4 of 11

Table 2 Comparison of oncological outcomes between laparoscopic distal pancreatectomy and open distal pancreatectomy for

pancreatic cancer

Author, Research type Study classification (laparoscopic/ Number of lymph nodes Negative margin Median survival
year robotic vs. laparotomy) detected (n) rate (%) time (months)
Kooby, 2010 [22]  Retrospective 23 vs. 189 13.8£84 vs. 125+85 A 74 vs. 73 16 vs. 16
Magge, 2013 [23]  Retrospective 28 vs. 34 11 (8-20) vs. 12 (6-19) B 86 vs. 88 19
Rehman, 2014 Retrospective 8vs. 14 16 (1-27) vs. 14 (0-26) C 88 vs. 86 33 vs. 52
[28]
Shin, 2015 [25] Retrospective 70 vs. 80 12 (1-34) vs. 10 (1-64) C 757 vs. 838 334 vs. 29.1
Lee, 2015 [10] Retrospective 23 vs. 249 1M+£76vs. 15287 A 100 vs. 88 N/A
Sharpe, 2015 [29]  Retrospective 144 vs. 625 149+ 100vs. 13.3+£99 A 87 vs. 78 N/A
Stauffer, 2016 [26] Retrospective 44 vs. 28 25.9 (5-48) vs. 12.7 (1-45) 95.5 vs. 82.1 266 vs. 264
B**
Bauman, 2017 Retrospective 33 vs. 46 145+11vs. 175112 A 77 vs. 87 18 vs. 15
[24]
Raoof, 2018 [27] Propensity score- 563 vs. 563 12 (6-185) vs. 22 (14-31) 85.1 vs. 815 N/A
matched B**
Van Hilst, 2019 Propensity score- 340 vs. 340 14 (8-22) vs. 22 (14-31) B* 67 vs. 58 28 vs. 31
[30] matched

N/A not available

A. Results expressed as mean + standard deviation
B. Results expressed as median (interquartile range)
C. Results expressed as median (range)

*P=0.05; **P=0.0001

RDP could become more cost-effective than laparo-
scopic procedure if there is a willingness to pay for add-
itional 4800 euros per quality-adjusted life-year [41].
Opverall, caution should be taken in justifying the use of
robotic techniques in the current health care
environment.

Advances in surgical procedures: radical resection
of pancreatic body or tail cancer

Pancreatic cancer is difficult to diagnose in the early
stages because of its rapid progression. About 20-30% of
the cancer cases occur in the body and tail of the pan-
creas [2]. As radical RO resection and regional lymph
node dissection ensure better long-term prognosis,
methods to achieve this goal through standardized surgi-
cal methods have been a popular topic in recent years.

Radical antegrade modular pancreatosplenectomy

Steven M. Strasberg proposed radical antegrade modular
pancreatosplenectomy (RAMPS) in 2003 to address the
limitations of traditional surgery for pancreatic body and
tail cancer. Positive margins caused by insufficient retro-
peritoneal dissection, poor control of intraoperative
bleeding, and inadequate lymphadenectomy were estab-
lished [42]. Contrary to the traditional radical surgery
for tumors located in the body or tail of the pancreas,
RAMPS adopts the “medial to lateral” approach. First,
the neck of the pancreas is transected, followed by
ligation of the splenic artery and vein at the root, with
dissection of the left lymph nodes of the celiac trunk

and superior mesenteric artery. Then, the whole sample
(including the body and tail of the pancreas, spleen, and
left anterior renal fascia) is resected along the surface of
the left renal vein.

Subsequently, the safety and efficacy of RAMPS were
further demonstrated by Mitchem et al. in 2012. They
retrospectively analyzed the data of patients from 1999
to 2008 and found out that the RO resection rate and 5-
year survival rate were satisfying. Compared with the
traditional surgery, the results of RAMPS have been
greatly improved [43]. Other large series have also sug-
gested that RAMPS can increase the total number of
retrieved lymph nodes and the rate of negative margin;
thus, it will facilitate radical resection and prolong
survival [44].

As a modification of standard retrograde pancreatos-
plenectomy, RAMPS was compared with standard retro-
grade pancreatosplenectomy in a report by Abe et al.
The short-term outcomes revealed less intraoperative
blood loss and shorter operating time with RAMPS, as
well as better lymph node retrieval. Furthermore, more
frequent RO resection as compared with standard retro-
grade pancreatosplenectomy was also revealed. More-
over, RAMPS offered improved survival over standard
retrograde pancreatosplenectomy [45].

Exposure of the dissection plane around the deep
organs under the left costal margin is often technically
challenging. This can increase the risk of inadequate
oncologic dissection. To address this, Watanabe et al.
suggested the left kidney mobilization approach. This
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proved to be safe and oncologically sound in lateral
retroperitoneal dissection during RAMPS for distal pan-
creatic cancer [46].

As RAMPS has yielded improved oncologic outcomes
for all tumors of the pancreas, except for pancreatic can-
cer, Sivasanker et al. suggested that RAMPS should be
considered for all operable tumors involving the body
and tail of the pancreas, when a preoperative histologic
diagnosis is not available [47].

Appleby and distal pancreatectomy with en bloc celiac
axis resection

For locally advanced pancreatic cancer located in the
body and tail with a partial invasion of the peripheral
blood vessels but no distant metastasis, surgical resec-
tion can prolong survival. With the idea of “borderline
resectable” being widely accepted and the advancement
of surgical technology [2, 3], many reports have sug-
gested that en bloc vascular resection is safe and feasible.
It also enables RO resection in some locally advanced
pancreatic cancer cases and beneficial to the patients
[48-50].

Appleby initially described radical gastrectomy com-
bined with celiac trunk resection in 1952 for locally
advanced gastric cancer [51]. The Appleby procedure
consisted of multi-organ resections, including the celiac
trunk, stomach, distal pancreas, and spleen. Following
decades of progress, Hirano and Kondo reported a
modified Appleby procedure in 2007, namely distal pan-
createctomy with celiac axis resection (DP-CAR). This is
a surgical procedure for pancreatic body and tail cancer
that invades adjacent organs and requires combined
celiac trunk resection. It is a treatment option for
selected patients with pancreatic cancer involving the
celiac axis. When options are given for acceptable 90-
day mortality and overall survival, DP-CAR is the choice.
With the combination of vessel reconstruction to
achieve curative resection, the quality of life of patients
after surgery is thus improved by preserving the entire
stomach [52]. This approach is complicated and must be
performed by experienced surgeons. Preserving the left
gastric artery during DP-CAR, as reported by Kimura
and Okada et al., may reduce the incidence of complica-
tions such as delayed gastric emptying [53, 54]. From
one of the recent studies [54], DP-CAR may reduce the
risk of ischemic complications with preservation or
reconstruction of the LGA. Apparently, this study was
found in consistence with safe and rational procedure
for locally advanced pancreatic cancer of DP-CAR.
Other large series have also shown that this modified
Appleby procedure is safe and feasible and can relieve
intractable pain in pancreatic cancer patients. This is
possible partly due to the removal of the peripancreatic
and retroperitoneal nerve plexus [55].

Page 5 of 11

With the extensive development in recent years, neo-
adjuvant therapy has been proven to contribute to over-
all survival in pancreatic cancer [56]. The neoadjuvant
FOLFIRINOX (folinic acid, fluorouracil, irinotecan, and
oxaliplatin) regimen may eventually downstage the
tumor. This renders locally advanced pancreatic ductal
adenocarcinoma resectable and increasing the applica-
tion of DP-CAR for better survival. Furthermore, due to
the safe and rational procedure that DP-CAR comes
with, the procedure can be performed without preopera-
tive embolization of the common hepatic artery CHA. In
the meantime, neoadjuvant chemotherapy can enable
the identification of occult micrometastasis before
patients are committed to DP-CAR [57].

Recent reports corroborated that DP-CAR following
neoadjuvant chemotherapy was associated with a better
prognosis than and similar morbidity and mortality to
classic DP. The combination of neoadjuvant chemother-
apy and DP-CAR may therefore be a beneficial and safe
therapeutic strategy for patients with locally advanced
pancreatic cancer [58, 59]. However, this should be per-
formed with great caution because of high morbidity.
For DP with splenectomy (DP-S) patients (high risk of
positive surgical margins), DP-CAR is an option [60].

Recently, it is hypothesized that, depending on the
tumor progression, it might influence the prognosis in
patients who undergo DP-CAR. To address this from
happening, a combination of left inferior phrenic artery
(IPA) and left gastric artery (LGA) resection is required.
This was a significant risk factor for ischemic gastropa-
thy IG. Among other independent factors that might
serve as confounding during the study involving DP-
CAR are but not limited to longer operative time, adju-
vant chemotherapy, and higher age [61]. These require
careful study to ascertain if they are good independent
predictors of survival.

Renewal of operative concept: spleen

preservation

Choice of spleen preservation

Traditionally, DP is often combined with splenec-
tomy due to the proximal anatomical relationship of
the pancreas and the splenic vasculature. In recent
years, with a better understanding of splenic func-
tion, it has been well accepted that splenectomy may
increase the risk of postoperative complications.
These include hypercoagulability, overwhelming post-
splenectomy infection, and poor cancer survival [62].
Therefore, it was proposed that the spleen should be
preserved during DP for benign, borderline, and low-
grade malignant tumors, to lower the rate of postop-
erative complications and to improve the quality of
life of patients after DP [63, 64]. Recently, two meta-
analyses  verified that spleen-preserving distal
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pancreatectomy for benign and low-grade malignant
tumors is a safe procedure. This is associated with
better short-term outcomes than distal pancreatos-
plenectomy [65, 66]. The standard procedure for
body and tail pancreatic tumors is laparoscopic distal
pancreatectomy with splenectomy. This procedure
comes with technical difficulties and due to that
concomitant splenectomy is often performed. A
reduced surgical site infection (SSI) and overall com-
plications may result with spleen-preserving laparo-
scopic distal pancreatectomy while further studies
are needed for long-term outcomes [67]. The effect
of spleen-preserving total gastrectomy on postopera-
tive infectious complications study reported a strong
association with decreased postoperative infectious
complications. While the overall morbidity is also
low, a potential evidence-based treatment for gastric
cancer is revealed [68].

As splenectomy was traditionally performed during
DP for malignant diseases, it was thought to be
mandatory for radical lymphadenectomy and negative
margin [69]. Spleen preservation in patients with pancre-
atic cancer can be potentially beneficial in terms of can-
cer recurrence after oncological surgery because of the
important role plays by the spleen in the immune sys-
tem. Some researchers found that the incidence of
splenic hilar lymph node metastasis was non-existent or
low enough for spleen-preserving radical DP to be taken
into consideration [70]. Recently, Collard et al. reported
that lymph nodes located in station 10 (splenic hilum)
were always metastasis-free in left-sided pancreatic
ductal adenocarcinoma cases. The tumoral involvement
of the spleen or splenic hilum was observed in only 8%
of cases, which could be accurately predicted by com-
puted tomography and intraoperative findings [71]. The
results of this study therefore suggest that routine splen-
ectomy may not be mandatory during DP for pancreatic
ductal adenocarcinoma.

Preservation or resection of the vessels

Spleen-preserving distal pancreatectomy with ligation of
the splenic artery and vein was first described in 1988 by
Warshaw. It has been well accepted as the procedure of
choice for spleen-preserving distal pancreatectomy.
Warshaw’s procedure involves resection of the splenic
artery and vein along with the pancreas while sparing the
short gastric vessels and left gastroepiploic vessels as a col-
lateral supply for the spleen. Splenic vascular disconnec-
tion was reported to lead to a series of complications
(such as splenic infarction, gastric varices, and even left-
sided regional portal hypertension) [72]. Subsequent series
found that the rate of the complications could be mini-
mized to an acceptable level that will minimize adverse
clinical consequences [73, 74]. Furthermore, in 2011, the
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Warshaw group reported a long-term follow-up result for
the Warshaw operation. Among 125 surgical patients who
were followed up for up to 21 years, only 1.9% of them re-
quired a reoperation because of splenic infarction. While
perigastric varices developed in 16 of 65 (25%) patients
who had evaluable postoperative imaging during follow-
up, none of the patients develop gastrointestinal bleeding
or segmental hypersplenism [75].

Spleen-preserving distal pancreatectomy can also be
performed by sparing the splenic vessels. As splenic
vessel-preserving approach has long been used in the
management of pancreatic trauma [76]. Kimura et al.
modified the technique and reported first in 1996 its ap-
plication to benign lesions of the left pancreas [77].
Splenic vessel-preserving DP is time-consuming and
technically challenging due to the fact that the
splenic vein is often embedded in the sulcus of the
posterior side of the pancreatic body. Therefore, the
operative duration of spleen-preserving distal pan-
createctomy is increased and associated with in-
creased intraoperative blood loss as compared to
Warshaw’s procedure [78-80].

Although it was well accepted that splenic vessel-
preserving DP can reduce spleen-related complications
due to conservation of the splenic vessel, compared to
Warshaw’s technique, splenic vessels may fail to remain
patent as a result of thermal damage by ultrasonic shear
or vascular manipulations during the surgery. Therefore,
some researchers have suggested that it would be benefi-
cial to convert to Warshaw’s procedure during the
splenic vessel-preserving DP surgery if the dissection for
conserving the splenic vessels is anticipated to be diffi-
cult and require frequent vascular manipulation [79, 81].

With the development of minimally invasive tech-
nique, the laparoscopic approach made splenic vessel
preservation and Warshaw’s procedure safer and more
feasible than previous [80, 82]. Adam et al. reported in
2013 the largest series of DP with splenic conservation
by laparoscopic technique, including 140 patients with
or without splenic vessel preservation. After comparison
of Warshaw’s technique with laparoscopic splenic vessel
preservation with respect to the intention-to-treat
principle, both techniques were found to be efficient and
similar in terms of the rates of overall morbidity and
POPF, blood loss, and operative time. They suggested
that laparoscopic splenic vessel preservation should be
attempted whenever possible and switched to Warshaw’s
procedure in cases in which @ the tumor is located
close to the splenic hilum, @ the vessels are embedded
in the pancreatic parenchyma, and ® local inflammation
is present [74].

In recent years, spleen preservation in DP was done
via robotic technique. The result indicated that both
vessel-conserving technique and Warshaw’s technique
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can be used safely to achieve an increased spleen-
preserving rate during robot-assisted surgery [83, 84].

Overall, the multiple methods and techniques provide
more choices for spleen-preserving procedure, which
further improves the prognosis of the surgery.

Management of pancreatic stump

Among complications after DP, clinically relevant POPF
is generally considered to be the leading cause of mor-
bidity, with a frequency of 3-45% [85]. Various mitiga-
tion strategies were advocated for by different groups.
Among these, most focused on optimizing management
of the pancreatic remnant. Established management pro-
cedures for pancreatic remnant after DP include hand-
sewn suture or stapler closure and pancreatico-enteric
anastomosis. However, some controversies remain
regarding the selection of the ideal approach.

Closure of the pancreatic stump

Hand-sewn closure of the remnant stump is the classical
procedure during left pancreatectomy, and stapled tran-
section of the pancreas has become increasingly popular.
The Distal Pancreatectomy (DISPACT) multicenter RCT
in 21 European centers showed no significant difference
in the incidence of pancreatic fistula between the hand-
sewn group and the stapler group [86]. These findings
were further corroborated by a meta-analysis in 2015
[87]. Most recently, however, a multinational retrospect-
ive study of 2026 left pancreatectomies from 10 institu-
tions reported statistically significant with a decreased
POPF rate by using the stapler technique compared with
hand-sewn closure [88]. As the debate progresses, it may
be appropriate for surgeons to persist with their pre-
ferred surgical approach.

The reinforced stapler technique has been studied ex-
tensively in recent years. An RCT conducted in 2012
showed that reinforcement of stapled pancreatic transec-
tion using mesh buttress decreases the incidence of
POPF for DP [89]. However, a meta-analysis and a re-
cent RCT suggested otherwise [90, 91]. The recent mul-
ticenter RCT from nine hospitals conducted in Japan
revealed a reinforced stapler with a polyglycolic acid
membrane for pancreatic transection during DP. This
does not reduce the incidence of CR-POP clinically rele-
vant POPF compared to stapler without reinforcement.
While the role of reinforced stapler remains unclear, the
peri-firing compression technique has been widely ac-
cepted as a procedure that is associated with lower clin-
ically relevant POPF rate after stapling [92].

Coverage of the pancreatic stump by additional biologic
sealant or patches has been proposed to be protective in
terms of POPF. Nevertheless, recent reports suggested
that neither biologic sealant nor biologic patch provides
relevant benefits with respect to POPF after DP [93].
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Meanwhile, the DIStal resection of the pancreas with or
without COVERage of the pancreatic remnant (DIS-
COVER) randomized trial showed that additional cover-
age of the pancreatic stump with an autologous patch
could decrease the POPF rate after left pancreatectomy
[94]. This conclusion was in consistence with a more re-
cent network of meta-analysis [95]. From study on sub-
group analysis, management of drains after distal
pancreaticoduodenectomy found inconclusive remarks.
Only something is safer than nothing to routine peritoneal
drainage. Furthermore, the patients who underwent DP
can attempt to omit the drainage [96].

Pancreatic-digestive tract anastomosis

The “Achilles heel” of the modern day, the pancreatico-
enteric anastomos is single-stage, pancreatoduodenect-
omy. The function of the Oddi sphincter is preserved
during DP, which leads to high intrapancreatic duct
pressure that predisposes to failure of closure of the pan-
creatic stump. Pancreaticojejunostomy for the pancreatic
stump can restore the drainage of pancreatic fluid to the
intestine and alleviate the intrapancreatic duct pressure.
A meta-analysis showed that pancreaticojejunostomy for
the pancreatic remnant after DP significantly reduces
POPF rates more than suture closure [97]. On the other
hand, the only RCT of pancreaticojejunostomy vs. stap-
ler closure failed to demonstrate the benefits of pancrea-
ticojejunostomy of pancreatic remnant over stapler
during DP in terms of POPF. This may be due to the
fact that the optimal procedure for pancreaticojejunost-
omy remains controversial. To address this issue, we in-
troduced a new pancreaticojejunostomy technique for
DP—invaginated end-to-end pancreaticojejunostomy
with transpancreatic transverse U-sutures—that was first
applied in pancreaticoduodenectomy [98]. In a series of
DP in our institute, we used this technique to manage
the pancreatic remnant in 18 patients, with only two pa-
tients developing grade A-type POPF and none develop-
ing grade B/C-type POPF [99]. The result of this pilot
study therefore seems promising. In achieving the best
outcomes, adherence to the tenets of anastomotic recon-
struction is the mainstay. In addition, the performance
of a safe and reproducible anastomosis with a low clinic-
ally relevant POPF rate should be considered. During
the need to perform a high-risk pancreatico-enteric
anastomosis, appropriate selection and use of fistula
mitigation strategies may help provide optimal out-
comes. Binding pancreaticojejunostomy and the use of
external stents will give intresting results. Besides the
choice of techniques, other parameters like surgical vol-
ume, meticulous surgical technique, and other manage-
ment parameters determine the successful management
of pancreatic anastomoses [100].
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Conclusion

With the revolutionalization of minimally invasive surgi-
cal technique, LDP has been proven to yield a better
short-term prognosis over ODP, and the development of
RDP may provide a further promising long-term prog-
nosis for pancreatic cancer cases. To acquire RO resec-
tion and adequate lymphadenectomy for desirable long-
term prognosis, routine procedures have been explored
to fulfill the en bloc resection in pancreatic cancer sur-
gery, such as RAMPS, Appleby, and DP-CAR. Since
multi-visceral resection is believed to be necessary in
certain cancer patients, spleen-preserving procedures
improve the prognosis in benign and borderline tumor
cases, even in selected cancer cases. Despite the con-
stantly improved surgical approaches for DP, current
techniques for pancreatic stump management needs to
be further evaluated due to the high incidence of POPF.
Since retrieved literatures from the database are mostly
retrospective in nature, supplementing with prospective
and randomized controlled studies will ascertain and
validate these results.

Acknowledgements
Not applicable

Authors’ contributions
LJ writes the paper. DN and XC proofread the paper. The authors read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Biliary and Pancreatic Surgery, Affiliated Tongji Hospital,
Tongji Medical College, Huazhong University of Science and Technology,
Wuhan 430030, China. *Hepatic Surgery Center, Affiliated Tongji Hospital,
Tongji Medical College, Huazhong University of Science and Technology,
Wuhan 430030, China.

Received: 11 December 2020 Accepted: 1 February 2021
Published online: 15 February 2021

References

1. Finney JM. VII. Resection of the Pancreas: Report of a Case. Ann Surg. 1910;
51(6):818-29. https://doi.org/10.1097/00000658-191006000-00007.

2. Bockhorn M, Uzunoglu FG, Adham M, Imrie C, Milicevic M, Sandberg AA,
Asbun HJ, Bassi C, Bichler M, Charnley RM, Conlon K, Cruz LF, Dervenis C,
Fingerhutt A, Friess H, Gouma DJ, Hartwig W, Lillemoe KD, Montorsi M,
Neoptolemos JP, Shrikhande SV, Takaori K, Traverso W, Vashist YK, Vollmer C,
Yeo CJ, Izbicki JR. Borderline resectable pancreatic cancer: a consensus
statement by the International Study Group of Pancreatic Surgery (ISGPS).
Surgery. 2014;155:977-88.

20.

21.

Page 8 of 11

Sbh F. Clinical Practice Guidelines in Oncology: Bioceramics: for materials
science and engineering [G]; 2017. p. 1-37.

Poves |, Burdio F, Morato O, Iglesias M, Radosevic A, llzarbe L, Visa L, Grande
L. Comparison of perioperative outcomes between laparoscopic and open
approach for pancreatoduodenectomy: the PADULAP Randomized
Controlled Trial. Ann Surg. 2018;268:731-9.

Cuschieri A. Laparoscopic pancreatic resections. Semin Laparosc Surg. 1996;
3:15-20.

Lof S, Moekotte AL, Al-Sarireh B, Ammori B, Aroori S, Durkin D, Fusai GK,
French JJ, Gomez D, Marangoni G, Marudanayagam R, Soonawalla Z,
Sutcliffe R, White SA, Abu HM. Multicentre observational cohort study of
implementation and outcomes of laparoscopic distal pancreatectomy. Br J
Surg. 2019;106:1657-65.

Hilal MA, Takhar AS. Laparoscopic left pancreatectomy: current concepts.
Pancreatology. 2013;13(4):443-8.

Venkat R, Edil BH, Schulick RD, Lidor AO, Makary MA, Wolfgang CL.
Laparoscopic distal pancreatectomy is associated with significantly less
overall morbidity compared to the open technique: a systematic review
and meta-analysis. Ann Surg. 2012;255:1048-59.

Vijan SS, Ahmed KA, Harmsen WS, Que FG, Reid-Lombardo KM, Nagorney
DM, Donohue JH, Farnell MB, Kendrick ML. Laparoscopic vs open distal
pancreatectomy: a single-institution comparative study. Arch Surg. 2010;145:
616-21.

Lee SY, Allen PJ, Sadot E, Angelica MID, Dematteo RP, Fong Y, Jarnagin WR,
Kingham TP. Distal pancreatectomy: a single institution’s experience in open,
laparoscopic, and robotic approaches. J Am Coll Surg. 2015;220:18-27.
Stauffer JA, Velderrain AR, Goldberg RF, Bowers SP, Asbun HJ. Comparison
of open with laparoscopic distal pancreatectomy: a single institution’s
transition over a 7-year period. Hpb. 2013;15:149-55.

Limongelli P, Belli A, Russo G, Cioffi L, Agostino AD, Fantini C, Belli G.
Laparoscopic and open surgical treatment of left-sided pancreatic lesions:
clinical outcomes and cost-effectiveness analysis. Surg Endosc. 2012,26:
1830-6.

Xourafas D, Tavakkoli A, Clancy TE, Ashley SW. Distal pancreatic resection for
neuroendocrine tumors: is laparoscopic really better than open? J
Gastrointest Surg. 2015;19:831-40.

Partelli S, Andreasi V, Rancoita PMV, Perez-Sanchez E, Muffatti F, Balzano G,
Crippa S, Di Serio C, Falconi M. Outcomes after distal pancreatectomy for
neuroendocrine neoplasms: a retrospective comparison between minimally
invasive and open approach using propensity score weighting. Surg
Endosc. 2021;35(1):165-73.

de Rooij T, van Hilst J, van Santvoort H, Boerma D, van den Boezem P,
Daams F, van Dam R, Dejong C, van Duyn E, Dijkgraaf M, van Eijck C, Festen
S, Gerhards M, Koerkamp BG, de Hingh I, Kazemier G, Klaase J, de Kleine R,
van Laarhoven C, Luyer M, Patijn G, Steenvoorde P, Suker M, Hilal MDA,
Busch O, Besselink M. Minimally invasive versus open distal pancreatectomy
(LEOPARD). Ann Surg. 2019;269:2-9.

Bjornsson B, Larsson AL, Hjalmarsson C, Gasslander T, Sandstrém P.
Comparison of the duration of hospital stay after laparoscopic or open
distal pancreatectomy: randomized controlled trial. Br J Surg. 2020;107(10):
1281-8.

Klompmaker S, de Rooij T, Koerkamp BG, Shankar AH, Siebert U, Besselink
MG, Moser AJ. Dutch pancreatic cancer group. International validation of
reduced major morbidity after minimally invasive distal pancreatectomy
compared with open pancreatectomy. Ann Surg. 2019. https;//doi.org/10.1
097/SLA.0000000000003659. Online ahead of print.

Han SH, Han IW, Heo JS, Choi SH, Choi DW, Han S, You YH. Laparoscopic
versus open distal pancreatectomy for nonfunctioning pancreatic
neuroendocrine tumors: a large single-center study. Surg Endosc. 2018;32:
443-9.

Zhang XF, Lopez-Aguiar AG, Poultsides G, Makris E, Rocha F, Kanji Z, Weber
S, Fields R, Krasnick BA, Idrees K, Smith PM, Cho C, Schmidt CR, Maithel SK,
Pawlik TM. Minimally invasive versus open distal pancreatectomy for
pancreatic neuroendocrine tumors: an analysis from the U.S.
neuroendocrine tumor study group. J Surg Oncol. 2019;120:231-40.

Adam MA, Thomas S, Youngwirth L, Pappas T, Roman SA, Sosa JA. Defining
a hospital volume threshold for minimally invasive
pancreaticoduodenectomy in the United States. Jama Surg. 2017;152:
336-42.

Kooby DA. Laparoscopic surgery for cancer: historical, theoretical, and
technical considerations. Oncology. 2006,20:917-27 927-928, 931-932.


https://doi.org/10.1097/00000658-191006000-00007
https://doi.org/10.1097/SLA.0000000000003659
https://doi.org/10.1097/SLA.0000000000003659

Jiang et al. World Journal of Surgical Oncology

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

(2021) 19:49

Kooby DA, Hawkins WG, Schmidt CM, Weber SM, Bentrem DJ, Gillespie TW,
Sellers JB, Merchant NB, Scoggins CR, Martin RCG, Kim HJ, Ahmad S, Cho
CS, Parikh AA, Chu CK, Hamilton NA, Doyle CJ, Pinchot S, Hayman A,
Mcclaine R, Nakeeb A, Staley CA, Mcmasters KM, Lillemoe KD. A multicenter
analysis of distal pancreatectomy for adenocarcinoma: is laparoscopic
resection appropriate? J Am Coll Surg. 2010;210:779-85.

Magge D, Gooding W, Choudry H, Steve J, Steel J, Zureikat A, Krasinskas A,
Daouadi M, Lee KKW, Hughes SJ, Zeh HJ, Moser AJ. Comparative
effectiveness of minimally invasive and open distal pancreatectomy for
ductal adenocarcinoma. JAMA Surg. 2013;148:525-31.

Bauman MD, Becerra DG, Kilbane EM, Zyromski NJ, Schmidt CM, Pitt HA,
Nakeeb A, House MG, Ceppa EP. Laparoscopic distal pancreatectomy for
pancreatic cancer is safe and effective. Surg Endosc. 2018;32:53-61.

Shin SH, Kim SC, Song KB, Hwang DW, Lee JH, Lee D, Lee JW, Jun E, Park K,
Lee Y. A Comparative study of laparoscopic vs open distal pancreatectomy
for left-sided ductal adenocarcinoma: a propensity score-matched analysis. J
Am Coll Surg. 2015;220:177-85.

Stauffer JA, Coppola A, Mody K, Asbun HJ. Laparoscopic versus open distal
pancreatectomy for pancreatic adenocarcinoma. World J Surg. 2016;40:
1477-84.

Raoof M, ltuarte P, Woo Y, Warner SG, Singh G, Fong Y, Melstrom L.
Propensity score-matched comparison of oncological outcomes
between laparoscopic and open distal pancreatic resection. Br J Surg.
2018;105:578-86.

Rehman S, John SKP, Lochan R, Jaques BC, Manas DM, Charnley RM, French
JJ, White SA. Oncological feasibility of laparoscopic distal pancreatectomy
for adenocarcinoma: a single-institution comparative study. World J Surg.
2014;38:476-83.

Sharpe SM, Talamonti MS, Wang E, Bentrem DJ, Roggin KK, Prinz RA, Marsh
RD, Stocker SJ, Winchester DJ, Baker MS. The laparoscopic approach to
distal pancreatectomy for ductal adenocarcinoma results in shorter lengths
of stay without compromising oncologic outcomes. Am J Surg. 2015;209:
557-63.

van Hilst J, de Rooij T, Klompmaker S, Rawashdeh M, Aleotti F, Al-Sarireh B,
Alseidi A, Ateeb Z, Balzano G, Berrevoet F, Bjornsson B, Boggi U, Busch OR,
Butturini G, Casadei R, Del CM CS, Cipriani F, van Dam R, Damoli |, van
Dieren S, Dokmak S, Edwin B, van Eijck C, Fabre JM, Falconi M, Farges O,
Fernandez-Cruz L, Forgione A, Frigerio |, Fuks D, Gavazzi F, Gayet B, Giardino
A, Groot KB, Hackert T, Hassenpflug M, Kabir |, Keck T, Khatkov I, Kusar M,
Lombardo C, Marchegiani G, Marshall R, Menon KV, Montorsi M, Orville M,
de Pastena M, Pietrabissa A, Poves |, Primrose J, Pugliese R, Ricci C, Roberts
K, Rosok B, Sahakyan MA, Sanchez-Cabus S, Sandstrom P, Scovel L, Solaini L,
Soonawalla Z, Souche FR, Sutcliffe RP, Tiberio GA, Tomazic A, Troisi R,
Wellner U, White S, Wittel UA, Zerbi A, Bassi C, Besselink MG, Abu HM.
Minimally invasive versus open distal pancreatectomy for ductal
adenocarcinoma (DIPLOMA): a pan-European propensity score matched
study. Ann Surg. 2019;269:10-7.

Melvin WS, Needleman BJ, Krause KR, Schneider C, Wolf RK, Michler RE,
Ellison EC. Computer-enhanced robotic telesurgery. Initial experience in
foregut surgery. Surg Endosc. 2002;16(12):1790-2. https://doi.org/10.1007/
500464-001-8192-9.

Beane JD, Borrebach JD, Zureikat AH, Kilbane EM, Thompson VM, Pitt HA.
Optimal pancreatic surgery: are we making progress in North America? Ann
Surg. 2019. https://doi.org/10.1097/SLA.0000000000003628. Online ahead of
print.

Zureikat AH, Beane JD, Zenati MS, Al Abbas Al, Boone BA, Moser AJ, Bartlett
DL, Hogg ME, Zeh HJ 3rd. 500 minimally invasive robotic
pancreatoduodenectomies: one decade of optimizing performance. Ann
Surg. 2019. https://doi.org/10.1097/SLA.0000000000003550.

Alfieri S, Butturini G, Boggi U, Pietrabissa A, Morelli L, Vistoli F, Damoli |, Peri
A, Fiorillo C, Pugliese L, Ramera M, Lio ND, Franco GD, Esposito A, Landoni
L, Rosa F, Menghi R, Doglietto GB, Quero G. Short-term and long-term
outcomes after robot-assisted versus laparoscopic distal pancreatectomy for
pancreatic neuroendocrine tumors (pNETs): a multicenter comparative
study. Langenbecks Arch Surg. 2019,404:459-68.

Lyman WB, Passeri M, Sastry A, Cochran A, lannitti DA, Vrochides D, Baker
EH, Martinie JB. Robotic-assisted versus laparoscopic left pancreatectomy at
a high-volume, minimally invasive center. Surg Endosc. 2019;33:2991-3000.
Hong S, Song KB, Madkhali AA, Hwang K, Yoo D, Lee JW, Youn WY,
Alshammary S, Park Y, Lee W, Kwon J, Lee JH, Hwang DW, Kim SC. Robotic
versus laparoscopic distal pancreatectomy for left-sided pancreatic tumors:

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

Page 9 of 11

a single surgeon'’s experience of 228 consecutive cases. Surg Endosc. 2020;
34:2465-73.

Hoehn RS, Nassour I, Adam MA, Winters S, Paniccia A, Zureikat AH. National
trends in robotic pancreas surgery. J Gastrointest Surg. 2020. https://doi.
0rg/10.1007/511605-020-04591-w. Online ahead of print.

Raoof M, Nota C, Melstrom LG, Warner SG, Woo VY, Singh G, Fong Y.
Oncologic outcomes after robot-assisted versus laparoscopic distal
pancreatectomy: analysis of the National Cancer Database. J Surg Oncol.
2018;118:651-6.

Nassour |, Winters SB, Hoehn R, Tohme S, Adam MA, Bartlett DL, Lee KK,
Paniccia A, Zureikat AH. Long-term oncologic outcomes of robotic and
open pancreatectomy in a national cohort of pancreatic adenocarcinoma. J
Surg Oncol. 2020;122:234-42.

Souche R, Herrero A, Bourel G, Chauvat J, Pirlet |, Guillon F, Nocca D, Borie F,
Mercier G, Fabre JM. Robotic versus laparoscopic distal pancreatectomy: a
French prospective single-center experience and cost-effectiveness analysis.
Surg Endosc. 2018;32:3562-9.

Pastena M, Esposito A, Paiella S, Surci N, Montagnini G, Marchegiani G,
Malleo G, Secchettin E, Casetti L, Ricci C, Landoni L, Bovo C, Bassi C, Salvia R.
Cost-effectiveness and quality of life analysis of laparoscopic and robotic
distal pancreatectomy: a propensity score-matched study. Surg Endosc.
2020. https://doi.org/10.1007/500464-020-07528-1. Online ahead of print.
Strasberg SM, Drebin JA, Linehan D. Radical antegrade modular
pancreatosplenectomy. Surgery. 2003;133:521-7.

Mitchem JB, Hamilton N, Gao F, Hawkins WG, Linehan DC, Strasberg SM.
Long-term results of resection of adenocarcinoma of the body and tail of
the pancreas using radical antegrade modular pancreatosplenectomy
procedure. J Am Coll Surg. 2012,214:46-52.

Grossman JG, Fields RC, Hawkins WG, Strasberg SM. Single institution results
of radical antegrade modular pancreatosplenectomy for adenocarcinoma of
the body and tail of pancreas in 78 patients. J Hepato-Bil-Pan Sci. 2016;23:
432-41.

Abe T, Ohuchida K, Miyasaka Y, Ohtsuka T, Oda Y, Nakamura M. Comparison
of surgical outcomes between radical antegrade modular
pancreatosplenectomy (RAMPS) and standard retrograde
pancreatosplenectomy (SPRS) for left-sided pancreatic cancer. World J Surg.
2016;40:2267-75.

Watanabe G, Ito H, Sato T, Ono Y, Mise Y, Inoue Y, Takahashi Y, Saiura A.
Left kidney mobilization technique during radical antegrade modular
pancreatosplenectomy (RAMPS). Langenbecks Arch Surg. 2019;/404:247-52.
Sivasanker M, Desouza A, Bhandare M, Chaudhari V, Goel M, Shrikhande SV.
Radical antegrade modular pancreatosplenectomy for all pancreatic
body and tail tumors: rationale and results. Langenbecks Arch Surg.
2019;404:183-90.

Yekebas EF, Bogoevski D, Cataldegirmen G, Kunze C, Marx A, Vashist YK,
Schurr PG, Liebl L, Thieltges S, Gawad KA, Schneider C, Izbicki JR. En bloc
vascular resection for locally advanced pancreatic malignancies infiltrating
major blood vessels: perioperative outcome and long-term survival in 136
patients. Ann Surg. 2008;247:300-9.

Martin RCGN, Scoggins CR, Egnatashvili V, Staley CA, Mcmasters KM, Kooby
DA. Arterial and venous resection for pancreatic adenocarcinoma: operative
and long-term outcomes. Arch Surg. 2009;1960(144):154-9.

Bockhorn M, Burdelski C, Bogoevski D, Sgourakis G, Yekebas EF, Izbicki JR.
Arterial en bloc resection for pancreatic carcinoma. Br J Surg. 2011;98:86-92.
Appleby LH. The coeliac axis in the expansion of the operation for gastric
carcinoma. Cancer-Am Cancer Soc. 1953;6:704-7.

Hirano S, Kondo S, Hara T, Ambo Y, Tanaka E, Shichinohe T, Suzuki O,
Hazama K. Distal pancreatectomy with en bloc celiac axis resection for
locally advanced pancreatic body cancer. Ann Surg. 2007,246:46-51.

Okada K, Kawai M, Tani M, Hirono S, Miyazawa M, Shimizu A, Kitahata Y,
Yamaue H. Preservation of the left gastric artery on the basis of anatomical
Features in patients undergoing distal pancreatectomy with celiac axis en-
bloc resection (DP-CAR). World J Surg. 2014;38:2980-5.

Sato T, Saiura A, Inoue Y, Takahashi Y, Arita J, Takemura N. Distal
pancreatectomy with en bloc resection of the celiac axis with preservation
or reconstruction of the left gastric artery in patients with pancreatic body
cancer. World J Surg. 2016;40(9):2245-53.

Okada K, Kawai M, Tani M, Hirono S, Miyazawa M, Shimizu A, Kitahata Y,
Yamaue H. Surgical strategy for patients with pancreatic body/tail
carcinoma: who should undergo distal pancreatectomy with en-bloc celiac
axis resection? Surgery. 2013;153:365-72.


https://doi.org/10.1007/s00464-001-8192-9
https://doi.org/10.1007/s00464-001-8192-9
https://doi.org/10.1097/SLA.0000000000003628
https://doi.org/10.1097/SLA.0000000000003550
https://doi.org/10.1007/s11605-020-04591-w
https://doi.org/10.1007/s11605-020-04591-w
https://doi.org/10.1007/s00464-020-07528-1

Jiang et al. World Journal of Surgical Oncology

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

(2021) 19:49

Conroy T, Desseigne F, Ychou M, Bouche O, Guimbaud R, Becouarn Y,
Adenis A, Raoul JL, Gourgou-Bourgade S, de la Fouchardiere C, Bennouna J,
Bachet JB, Khemissa-Akouz F, Pere-Verge D, Delbaldo C, Assenat E, Chauffert
B, Michel P, Montoto-Grillot C, Ducreux M. FOLFIRINOX versus gemcitabine
for metastatic pancreatic cancer. N Engl J Med. 2011,364:1817-25.

Suker M, Beumer BR, Sadot E, Marthey L, Faris JE, Mellon EA, El-Rayes BF,
Wang-Gillam A, Lacy J, Hosein PJ, Moorcraft SY, Conroy T, Hohla F, Allen P,
Taieb J, Hong TS, Shridhar R, Chau |, van Eijck CH, Koerkamp BG.
FOLFIRINOX for locally advanced pancreatic cancer: a systematic review and
patient-level meta-analysis. Lancet Oncol. 2016;17:801-10.

Klompmaker S, van Hilst J, Gerritsen SL, Adham M, Quer MTA, Bassi C,
Berrevoet F, Boggi U, Busch OR, Cesaretti M, Valle RD, Darnis B, Pastena MD,
Chiaro MD, Gritzmann R, Diener MK, Dumitrascu T, Friess H, Ivanecz A,
Karayiannakis A, Fusai GK, Labori KJ, Lombardo C, Lépez-Ben S, Mabrut J,
Niesen W, Pardo F, Perinel J, Popescu |, Roeyen G, Sauvanet A, Prasad R,
Sturesson C, Lesurtel M, Kleeff J, Salvia R, Besselink MG. Outcomes after
distal pancreatectomy with celiac axis resection for pancreatic cancer: a
pan-European retrospective cohort study. Ann Surg Oncol. 2018;25:1440-7.
Yoshitomi H, Sakai N, Kagawa S, Takano S, Ueda A, Kato A, Furukawa K,
Takayashiki T, Kuboki S, Miyzaki M, Ohtsuka M. Feasibility and safety of distal
pancreatectomy with en bloc celiac axis resection (DP-CAR) combined with
neoadjuvant therapy for borderline resectable and unresectable pancreatic
body/tail cancer. Langenbeck’s Arch Surg. 2019404:451-8.

Yamamoto T, Satoi S, Kawai M, Motoi F, Sho M, Uemura KI, Matsumoto |,
Honda G, Okada KI, Akahori T, Toyama H, Kurata M, Yanagimoto H, Yamaue
H, Unno M, Kon M, Murakami Y. Is distal pancreatectomy with en-bloc
celiac axis resection effective for patients with locally advanced pancreatic
ductal adenocarcinoma? -Multicenter surgical group study. Pancreatology.
2018;18(1):106-13.

Okada K, Kawai M, Hirono S, Miyazawa M, Kitahata Y, Ueno M, Hayami S,
Shimokawa T, Yamaue H. Ischemic gastropathy after distal pancreatectomy
with en bloc celiac axis resection for pancreatic body cancer. Langenbecks
Arch Surg. 2018;403(5):561-71.

Sabatino AD, Carsetti R, Corazza GR. Post-splenectomy and hyposplenic
states. Lancet. 2011;378:86-97.

Choi SH, Seo MA, Hwang HK, Kang CM, Lee WJ. Is it worthwhile to preserve
adult spleen in laparoscopic distal pancreatectomy perioperative and
patient-reported outcome analysis. Surg Endosc. 2012;26:3149-56.

Malleo G, Damoli |, Marchegiani G, Esposito A, Marchese T, Salvia R, Bassi C,
Butturini G. Laparoscopic distal pancreatectomy: analysis of trends in
surgical techniques, patient selection, and outcomes. Surg Endosc. 2015;29:
1952-62.

Pendola F, Gadde R, Ripat C, Sharma R, Picado O, Lobo L, Sleeman D,
Livingstone AS, Merchant N, Yakoub D. Distal pancreatectomy for benign
and low grade malignant tumors: short-term postoperative outcomes of
spleen preservation-a systematic review and update meta-analysis. J Surg
Oncol. 2017;115:137-43.

ShiN, Liu S, Li Y, You L, Dai M, Zhao Y. Splenic preservation versus
splenectomy during distal pancreatectomy: a systematic review and meta-
analysis. Ann Surg Oncol. 2016;23:365-74.

Milito P, Aiolfi A, Asti E, Rausa E, Bonitta G, Bonavina L. Impact of spleen
preserving laparoscopic distal pancreatectomy on postoperative infectious
complications: systematic review and meta-analysis. J Laparoendosc Adv
Surg Tech A. 2019,29(2):167-77.

Aiolfi A, Asti E, Siboni S, Bernardi D, Rausa E, Bonitta G, Bonavina L. Impact
of spleen-preserving total gastrectomy on postoperative infectious
complications and 5-year overall survival: systematic review and meta-
analysis of contemporary randomized clinical trials. Curr Oncol. 2019;26(2):
€202-9.

The NCCN Pancreatic Adenocarcinoma Clinical Practice Guidelines in
Oncology (version 3.2019). 2019. Available from: http://www.nccn.org.
Accessed 6 Feb 2019.

Kim SH, Kang CM, Satoi S, Sho M, Nakamura Y, Lee WJ. Proposal for
splenectomy-omitting radical distal pancreatectomy in well-selected left-
sided pancreatic cancer: multicenter survey study. J Hepatobiliary Pancreat
Sci. 2013;20:75-381.

Collard M, Marchese T, Guedj N, Cauchy F, Chassaing C, Ronot M, Dokmak
S, Soubrane O, Sauvanet A. Is routine splenectomy justified for all left-sided
pancreatic cancers? Histological reappraisal of splenic hilar
lymphadenectomy. Ann Surg Oncol. 2019,26:1071-8.

73.

74.

75.

76.

77.

78.

79.

80.

82.

83.

84.

85.

86.

87.

88.

Page 10 of 11

Tien YW, Liu KL, Hu RH, Wang HP, Chang KJ, Lee PH. Risk of varices
bleeding after spleen-preserving distal pancreatectomy with excision of
splenic artery and vein. Ann Surg Oncol. 2010;17:2193-8.

Matsushima H, Kuroki T, Adachi T, Kitasato A, Hirabaru M, Hidaka M, Soyama
A, Takatsuki M, Eguchi S. Laparoscopic spleen-preserving distal
pancreatectomy with and without splenic vessel preservation: the role of
the Warshaw procedure. Pancreatology. 2014;14:530-5.

Adam J, Jacquin A, Laurent C, Collet MD, Masson MB, Ndez-Cruz MLF, Sa-
Cunha MA. Laparoscopic spleen-preserving distal pancreatectomy: splenic
vessel preservation compared with the Warshaw technique. JAMA Surg.
2013;148:46-252.

Ferrone CR, Konstantinidis [T, Sahani DV, Wargo JA, Fernandez-Del Castillo C,
Warshaw AL. Twenty-three years of the Warshaw operation for distal
pancreatectomy with preservation of the spleen. Ann Surg. 2011;253:
1136-9.

Robey E, Mullen JT, Schwab CW. Blunt transection of the pancrease treated
by distal pancreatectomy, splenic salvage and hyperalimentation. Four cases
and review of the literature. Ann Surg. 1982;196:695-9.

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;120:885-90.

Jain G, Chakravartty S, Patel AG. Spleen-preserving distal pancreatectomy
with and without splenic vessel ligation: a systematic review. HPB (Oxford).
2013;15:403-10.

Hwang HK, Chung YE, Kim KA, Kang CM, Lee WJ. Revisiting vascular patency
after spleen-preserving laparoscopic distal pancreatectomy with
conservation of splenic vessels. Surg Endosc. 2012,26:1765-71.

Yu X, Li H,Jin C,Fu D, Di 'Y, Hao S, Li J. Splenic vessel preservation versus
Warshaw's technique during spleen-preserving distal pancreatectomy: a
meta-analysis and systematic review. Langenbecks Arch Surg. 2015;400:
183-91.

Yoon YS, Lee KH, Han HS, Cho JY, Jang JY, Kim SW, Lee WJ, Kang CM, Park
SJ, Han SS, Ahn YJ, Yu HC, Choi IS. Effects of laparoscopic versus open
surgery on splenic vessel patency after spleen and splenic vessel-preserving
distal pancreatectomy: a retrospective multicenter study. Surg Endosc. 2015;
29:583-8.

Nakamura M, Nagayoshi Y, Kono H, Mori Y, Ohtsuka T, Takahata S, Shimizu
S, Tanaka M. Lateral approach for laparoscopic splenic vessel-preserving
distal pancreatectomy. Surgery. 2011;150:326-31.

Wang SE, Shyr BU, Chen SC, Shyr YM. Robotic distal pancreatectomy:
comparison of spleen-preservation by the Warshaw technique and
splenectomy. Int J Med Robot. 2018;14:21922.

Lee LS, Hwang HK, Kang CM, Lee WJ. Minimally invasive approach for
spleen-preserving distal pancreatectomy: a comparative analysis of
postoperative complication between splenic vessel conserving and
Warshaw's technique. J Gastrointest Surg. 2016,20:1464-70.

Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, Allen P,
Andersson R, Asbun HJ, Besselink MG, Conlon K, Del Chiaro M, Falconi M,
Fernandez-Cruz L, Fernandez-Del Castillo C, Fingerhut A, Friess H, Gouma
DJ, Hackert T, Izbicki J, Lillemoe KD, Neoptolemos JP, Olah A, Schulick R,
Shrikhande SV, Takada T, Takaori K, Traverso W, Vollmer CR, Wolfgang CL,
Yeo CJ, Salvia R, Buchler M; International Study Group on Pancreatic Surgery
(ISGPS). The 2016 update of the International Study Group (ISGPS) definition
and grading of postoperative pancreatic fistula: 11 Years After. Surgery.
2017;161(3):584-91.

Diener MK, Seiler CM, Rossion |, Kleeff J, Glanemann M, Butturini G, Tomazic
A, Bruns CJ, Busch OR, Farkas S, Belyaev O, Neoptolemos JP, Halloran C,
Keck T, Niedergethmann M, Gellert K, Witzigmann H, Kollmar O, Langer P,
Steger U, Neudecker J, Berrevoet F, Ganzera S, Heiss MM, Luntz SP, Bruckner
T, Kieser M, Buchler MW. Efficacy of stapler versus hand-sewn closure after
distal pancreatectomy (DISPACT): a randomised, controlled multicentre trial.
Lancet. 2011,377:1514-22.

Probst P, Huttner FJ, Klaiber U, Knebel P, Ulrich A, Bichler MW, Diener MK.
Stapler versus scalpel resection followed by hand-sewn closure of the
pancreatic remnant for distal pancreatectomy. Cochrane Database Syst Rev.
2015;(11):CD008688. https:.//doi.org/10.1002/14651858.CD008688.pub2.

Ecker BL, Mcmillan MT, Allegrini V, Bassi C, Beane JD, Beckman RM, Behrman
SW, Dickson EJ, Callery MP, Christein JD, Drebin JA, Hollis RH, House MG,
Jamieson NB, Javed AA, Kent TS, Kluger MD, Kowalsky SJ, Maggino L, Malleo
G, Valero VR, Velu L, Watkins AA, Wolfgang CL, Zureikat AH, Vollmer CJ. Risk
factors and mitigation strategies for pancreatic fistula after distal


http://www.nccn.org
https://doi.org/10.1002/14651858.CD008688.pub2

Jiang et al. World Journal of Surgical Oncology

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

(2021) 19:49

pancreatectomy: analysis of 2026 resections from the International, Multi-
institutional Distal Pancreatectomy Study Group. Ann Surg. 2019,269:143-9.
Hamilton NA, Porembka MR, Johnston FM, Gao F, Strasberg SM, Linehan
DC, Hawkins WG. Mesh reinforcement of pancreatic transection decreases
incidence of pancreatic occlusion failure for left pancreatectomy: a single-
blinded, randomized controlled trial. Ann Surg. 2012;255:1037-42.

Jensen EH, Portschy PR, Chowaniec J, Teng M. Meta-analysis of
bioabsorbable staple line reinforcement and risk of fistula following
pancreatic resection. J Gastrointest Surg. 2013;17:267-72.

Kondo N, Uemura K, Nakagawa N, Okada K, Kuroda S, Sudo T, Hadano N,
Matstukawa H, Satoh D, Sasaki M, Abe T, Fukuda S, Oshita A, Nakashima A,
Hashimoto Y, Ohdan H, Murakami YA. Multicenter, randomized, controlled
trial comparing reinforced staplers with bare staplers during distal
pancreatectomy (HiSCO-07 Trial). Ann Surg Oncol. 2019;26:1519-27.
Hirashita T, Ohta M, Yada K, Tada K, Saga K, Takayama H, Endo Y, Uchida H,
Iwashita Y, Inomata M. Effect of pre-firing compression on the prevention of
pancreatic fistula in distal pancreatectomy. Am J Surg. 2018;216:506-10.
Deng Y, He S, Cheng Y, Cheng N, Gong J, Gong J, Zeng Z, Zhao L. Fibrin
sealants for the prevention of postoperative pancreatic fistula following
pancreatic surgery. Cochrane Database Syst Rev. 2020,3:D09621.
Hassenpflug M, Hinz U, Strobel O, Volpert J, Knebel P, Diener MK, Doerr-
Harim C, Werner J, Hackert T, Buchler MW. Teres ligament patch reduces
relevant morbidity after distal pancreatectomy (the DISCOVER Randomized
Controlled Trial). Ann Surg. 2016;264:723-30.

Ratnayake C, Wells C, Hammond J, French JJ, Windsor JA, Pandanaboyana S.
Network meta-analysis comparing techniques and outcomes of stump
closure after distal pancreatectomy. Br J Surg. 2019;106:1580-9.

Huan L, Fei Q, Lin H, Wan L, Li Y. Is peritoneal drainage essential after
pancreatic surgery?: a meta-analysis and systematic review. Medicine
(Baltimore). 2017;96(51):29245.

Zhang H, Zhu F, Shen M, Tian R, Shi CJ, Wang X, Jiang JX, Hu J, Wang H,
Qin RY. Systematic review and meta-analysis comparing three techniques
for pancreatic remnant closure following distal pancreatectomy. Br J Surg.
2015;102:4-15.

Chen XP, Huang ZY, Lau JW, Zhang BX, Zhang ZW, Chen YF, Zhang WG,
Zhu P, Zhang B. Chen's U-suture technique for end-to-end invaginated
pancreaticojejunostomy following pancreaticoduodenectomy. Ann Surg
Oncol. 2014;21:4336-41.

Chen X. Chen’s continuous transpancreatic transverse U-sutures technique
for end-to-end invaginated pancreaticojejunostomy. J Abdominal Surg
(Chinese). 2019;32:77-9.

. Hashimoto D, Chikamoto A, Ohmuraya M, Hirota M, Baba H.

Pancreaticodigestive anastomosis and the postoperative management
strategies to prevent postoperative pancreatic fistula formation after
pancreaticoduodenectomy. Surg Today. 2014;44(7):1207-13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Main body
	Conclusion

	Introduction
	Development of minimally invasive technology in distal pancreatectomy
	Evolution from open distal pancreatectomy to laparoscopic distal pancreatectomy
	Mini-invasive procedure in pancreatic ductal adenocarcinoma
	Development of robot-assisted distal pancreatectomy

	Advances in surgical procedures: radical resection of pancreatic body or tail cancer
	Radical antegrade modular pancreatosplenectomy
	Appleby and distal pancreatectomy with en bloc celiac axis resection

	Renewal of operative concept: spleen preservation
	Choice of spleen preservation
	Preservation or resection of the vessels

	Management of pancreatic stump
	Closure of the pancreatic stump
	Pancreatic-digestive tract anastomosis

	Conclusion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

