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Background: The purpose of this study is to investigate whether two types of laparoscopic spleen-
preserving distal pancreatectomy (Lap-SPDP) techniques are being implemented safely. The study compares 
the clinical outcomes from laparoscopic Warshaw operation (Lap-W) with those from laparoscopic splenic 
vessels preserving SPDP (Lap-SPDP-VP) and considers the role of those operations.
Methods: On August 2013, the Warshaw technique was introduced to our institution and 17 patients with 
a lesion in the distal pancreas who underwent Lap-SPDP by December 2015 were enrolled. Six patients who 
underwent a Lap-W and 11 patients who underwent a Lap-SPDP-VP were investigated retrospectively.
Results: In the Lap-W and Lap-SPDP-VP patients, the sizes of the tumors were 46.5±31.2 and 
25.7±14.9 mm [Probability (P) value =0.0913)]; the operative times were 287 min (range, 225–369 min) and 
280 min (range, 200–496 min); the blood loss was 95 mL (range, 50–200 mL) and 60 mL (range, 0–650 mL); 
the length of the postoperative hospital stay was 12 days (range, 8–43 days) and 11 days (range, 7–28 days); 
median follow-up was 19 months (range, 13–28 months) and 23 months (range, 6–28 months), respectively. 
There was no case of symptomatic spleen infarction in either group. However, partial infarctions of the 
spleen without symptoms were observed by computed tomography in three out of six cases (50%) in the 
Lap-W. No patient required reoperation and the postoperative mortality was zero in both groups. All 
patients were alive and recurrence-free at the end of the follow-up period. Collateral veins around the 
spleen developed in 83.3% (five out of six patients) in the Lap-W and developed in 12.5% (one out of eight 
patients) in the Lap-SPDP-VP. A significant difference was observed between groups (P=0.0256). Gastric 
varices developed in 33.3% (two out of six patients) in the Lap-W. However, no case of rupture of varices, or 
other late phase complications was observed in either group.
Conclusions: Both the Lap-W and Lap-SPDP-VP were found to be safe and effective, and in cases 
in which the detachment work of the splenic vessels from the tumor or the pancreatic parenchyma is 
difficult, performing Lap-W, rather than Lap-SPDP-VP, is considered appropriate. While Lap-SPDP is 
recommended for patients with benign or low grade malignant diseases, long-term follow-up to monitor 
hemodynamic changes in splenogastric circulation is considered needed.
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Introduction

Over the past few years, there have been an increasing 
number of reports on the feasibility of laparoscopic distal 
pancreatectomy (Lap-DP) (1-7). Some meta-analyses have 
compared Lap-DP and open distal pancreatectomy and all 
have indicated that Lap-DP is superior due to less invasiveness 
(8-13). Today, Lap-DP is recognized worldwide as a feasible 
and highly beneficial procedure.

Theoretically, preservation of the spleen is preferred, 
especially in patients with the benign diseases and/or low 
grade malignant tumors, simply due to its favorable role in 
regulating balance between the hematologic and immune 
systems (14,15). There are two methods in spleen preserving 
distal pancreatectomy (SPDP), one is splenic vessels preserving 
SPDP (SPDP-VP) or another is the Warshaw operation (16). 
However, further clarification of postoperative results of the 
laparoscopic SPDP (Lap-SPDP) for the patients with benign 
or low grade malignant diseases is needed.

The purpose of this study is to investigate whether two 
types of Lap-SPDP techniques are being implemented 
safely. The study compares the clinical outcomes from 
laparoscopic Warshaw operation (Lap-W) with those from 
laparoscopic SPDP-VP (Lap-SPDP-VP) and considers the 
role of those operations.

Study design

The study was a retrospective, comparative study over a 
limited time frame.

Materials and methods

We previously reported the clinical data of 100 patients 
who underwent Lap-DP between January 2004 (after Lap-
DP was approved by the hospital’s Ethics Review Board of 
Nippon Medical School) and December 2013, including 
data of Lap-SPDP-VP (17). On August 2013, the Warshaw 
technique was introduced to our institution and 17 patients 
with a lesion in the distal pancreas who underwent Lap-
SPDP by December 2015 were enrolled. Six of the 17 
patients underwent Lap-W and the remaining 11 patients 
underwent Lap-SPDP-VP. The first author (Yoshiharu 
Nakamura) participated in all operations as an operator 
or technical coach. We retrospectively compared both 
the perioperative outcomes and late-phase follow-up data 
between the Lap-W group and Lap-SPDP-VP group which 
underwent surgery during the same period (from August 

2013 to December 2015). Written informed consent was 
received from all 17 patients undergoing Lap-SPDP.

Lap-SPDP which could preserve splenic vessels was first 
selected for all proposed SPDP cases. However, since August 
2013, for cases where this was not possible due to technical 
reasons or unsuitability for curable resection, strategy was 
changed to use either a laparoscopic spleen sacrificed distal 
pancreatectomy or a procedure which used Lap-W.

All patients were Japanese. Average age was 58.8 years 
in the Lap-W group (W group) and 42.7 years in the Lap-
SPDP-VP group (VP group). The W group consisted of 
four males and two females with an average body mass index 
(BMI) of 25.2 kg/m2. The VP group consisted of five males 
and six females with an average BMI of 22.9 kg/m2. One 
of the six patients (16.7%) in the W group had a history of 
abdominal surgery, while three of the 11 patients (27.3%) 
in the VP group had a history of abdominal surgery. Mean 
American Society of Anesthesiologists physical status score 
[American Society of Anesthesiologists (ASA) score] was 1.8 
in the W group and 1.5 in the VP group. Final diagnosis was 
based on either intraoperative frozen section pathological 
diagnosis or postoperative histopathological diagnosis. 
Diagnosis of pancreatic cystic disease was made for three 
patients in the W group [mucinous cystic neoplasm (MCN) 
(n=1), solid pseudopapillary neoplasm (n=1), serous cystic 
neoplasm (SCN) (n=1)] and for six patients in the VP 
group [solid pseudopapillary neoplasm (n=5), minimally 
invasive cancer derived from intraductal papillary mucinous 
neoplasm (IPMN) (n=1)]. Diagnosis of neuroendocrine 
tumor was made for one patient in the W group [non-
functioning tumor (n=1)] and for 3 patients in the VP 
group [non-functioning tumor (n=2), insulinoma (n=1)]. 
Diagnosis of metastatic tumor from renal cell cancer (RCC) 
was made for two patients in the VP group.

Mean tumor size was 46.5 mm in the W group and 25.7 mm 
in the VP group. In the W group, tumors were mainly 
located in the pancreatic body (Pb) in three patients, and 
the pancreatic tail (Pt) in three patients. In the VP group, 
tumors were mainly located in the Pb in seven patients, Pt 
in four patients (Table 1).

Pancreatic fistula was defined according to the 2005 
International Study Group of Pancreatic Fistula, and 
clinical leaks were classified into Grades B and C (18,19).

Statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS) version 19.0 software 
program (SPSS Inc., Chicago, USA). Data were expressed 
as means ± standard deviation (SD) or the median. Data 
from each period were compared using an unpaired t-test, 
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Mann-Whitney U-test or Fisher’s exact test, as appropriate. 
Probability (P) values of less than 0.05 were considered 
significant.

Operative technique

We previously described our technique for Lap-SPDP-

VP in a number of English papers (4,17,20). Each patient 
was immobilized in the supine position and patient angles 
were adjusted as needed by rotating the operating table. A 
12 mm umbilical trocar was used to insert the laparoscope 
and endoscopic linear stapler (ELS) (End-GIA, Covidien, 
Norwalk, CT, USA) [(I) 12 mm]. On the right side, a 5 mm 
trocar was inserted below the right costal arch between the 
right mammillary line and the upper abdominal median line 
[(II) 5 mm], and another 5 mm trocar was inserted at 10 cm 
caudal to (II) [(III) 5 mm]. On the left side, a 5 mm trocar was 
placed at the anterior subcostal region—midaxillary line [(IV) 
5 mm] and a 12 mm trocar was inserted at the center point 
between (I) and (IV) [(V) 12 mm] (Figure 1). Intra-abdominal 
air pressure was set at 7–10 mmHg with carbon dioxide.

For Lap-W procedure, the greater omentum is widely 
divided to expose the anterior side of the Pb and tail, 
whereas the splenocolic ligament, gastrosplenic ligament 
and left gastroepiploic vessels are preserved in all SPDP 
proposed cases, in order to maintain the blood supply to the 
spleen in cases where Lap-SPDP-VP is switched over to 
Lap-W. After intraoperative laparoscopic ultrasonography 
for confirmation of tumor location and for determination of 
the resection line of the pancreas, in the Lap-W procedure, 
the splenic artery is mobilized near the planed cut line of 
the pancreas and divided by clipping. Consequently, the 
splenic vein is also divided at the same site and an ELS 

Table 1 Preoperative characteristics of the 17 patients who underwent Lap-SPDP in the same period

Parameter W group (6 cases) VP group (11 cases) P value

Race All Japanese All Japanese –

Age (years, mean ± SD) 58.8±17.9 42.7±22.8 0.1575

Sex (male/female) 4/2 5/6 0.6199

BMI (kg/m2, mean ± SD) 25.2±5.8 22.9±4.1 0.3853

Previous abdominal surgery (yes/no) 1/5 3/8 >0.9999

ASA score (mean ± SD) 1.8±0.4 1.5±0.5 0.2625

Clinical diagnosis

Pancreatic cystic diseases 3 6 –

Neuro-endocrine tumor 1 3 –

Chronic pancreatitis 2 0 –

Metastatic tumor from RCC 0 2 –

Tumor size (mm, mean ± SD) 46.5±31.2 25.7±14.9 0.0913

Disease main location (Pb/Pt) 3/3 7/4 0.6437

Lap, laparoscopic; SPDP, spleen preserving distal pancreatectomy; W group, Warshaw operation group; VP group, splenic 

vessels preserving group; BMI, body mass index; ASA, American Society of Anesthesiologists; RCC, renal cell cancer; Pb, 

pancreatic body; Pt, pancreatic tail.

5mm

5mm

5mm

12mm

12mm

Figure 1 Trocar placements. Each patient was immobilized in 
the supine position and patient angles were adjusted as needed by 
rotating the operating table.
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is used to transect the pancreas. Next, distal pancreas 
dissection from the retroperitoneal space is continued up to 
the hilum of the spleen. The Pt is detached from the splenic 
hilum and then splenic vessels were carefully divided so as 
not to damage the small vessels in the hilum of the spleen. 
The dissected pancreas is placed in an endoscopic retrieval 
bag and extracted through the umbilical wound.

Results

Preoperative characteristics including age, sex, BMI, history 
of abdominal surgery, ASA score, final diagnosis of disease, 
tumor size, and tumor location between the two groups 
are comparative (Table 1). Although there was no statistical 
difference, a tendency for large tumor size was observed in the 
W group (46.5±31.2 vs. 25.7±14.9 mm; P=0.0913) (Table 1).

Median operating time was 287 min (range, 225–369 min) 
in the W group and 280 min (range, 200–496 min) in 
the VP group. No significant difference was observed 
between groups (P=0.9112). Median blood loss was 95 mL 
(range, 50–200 mL) for the W group and 60 mL (range, 
0–650 mL) for the VP group. No significant difference 
was observed between groups (P=0.5502). No cases 
underwent blood transfusion, combined operation, or hand-
assisted procedures in either group. In the VP group, one 
patient was switched to open SPDP-VP due to bleeding 
from the splenic vein, and two patients were switched to 
laparoscopic spleen sacrificed distal pancreatectomy due to 
accompanying severe associated pancreatitis and derived 
cancer from IPMN which was proven by intraoperative 
pathological study (Table 2).

No patient with grade C pancreatic fistulae was observed 

in either group. Grade B pancreatic fistulae was observed 
in 33.3% (two of six patients) of patients in the W group 
and one out of eight patients (12.5%) in the VP group. 
No significant difference was observed between groups 
(P=0.5385). Pancreatic fistulae was resolved by conservative 
treatment for all patients in both groups. Regarding 
postoperative complications other than pancreatic fistula, no 
case was observed in either group, including symptomatic 
spleen infarction. However, partial infarctions of the 
spleen without symptoms were observed by computed 
tomography in three out of six cases (50%) in the W group. 
Median postoperative hospital stay was 12 days (range, 
8–43 days) in the W group and 11 days (range, 7–28 days) 
in the VP group. No significant difference was observed 
between groups in terms of the postoperative hospital 
stay (P=0.2079). No patient required reoperation and the 
postoperative mortality was zero in both groups (Table 3).

Median follow-up was 19 months (range, 13–28 months) 
for the W group and 23 months (range, 6–28 months) for 
the VP group, and no significant difference was observed 
between groups (P=0.9139). All patients were alive and 
recurrence-free at the end of the follow-up period. In the 
VP group, patency of splenic artery was saved in 100% of 
cases and patency of splenic vein was saved in seven out of 
eight patients (87.5%). Collateral veins around the spleen 
developed in 83.3% (five out of six patients) in the W group 
and developed in 12.5% (one out of eight patients) in the 
VP group. A significant difference was observed between 
groups (P=0.0256). Gastric varices developed in 33.3% (two 
out of six patients) in the W group and developed in 0% 
of the cases in the VP group. No significant difference was 
observed between groups (P=0.1648). However, no case of 

Table 2 Intraoperative results of Lap-SPDP

Outcomes W group (6 cases) VP group (11 cases) P value

Length of operation (min, median) 287 [225–369] 280 [200–496] 0.9112

Blood loss (mL, median) 95 [50–200] 60 [0–650] 0.5502

Blood transfusion (yes/no) 0/6 0/11 –

Combined operation (yes/no) 0/6 0/11 –

Hand-assisted procedure (yes/no) 0/6 0/11 –

Switching (yes/no) 0/6 3*/8 0.5147

*, one patient was switched to open SPDP-VP due to bleeding from the splenic vein, and two patients were switched to 

laparoscopic spleen sacrificed distal pancreatectomy due to accompanying severe associated pancreatitis and derived 

cancer from IPMN which was proven by intraoperative pathological study. Lap, laparoscopic; SPDP, spleen preserving distal 

pancreatectomy; W group, Warshaw operation group; VP group, splenic vessels preserving group; IPMN, intraductal papillary 

mucinous neoplasm.
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rupture of varices, or other late phase complications was 
observed in either group (Table 3).

Discussion

Laparoscopic surgery is now widely performed because (I) 
the surgical wound is small and outcome is cosmetically 
favorable; (II) areas not easily macroscopically visible can be 
clearly visualized using a laparoscope, allowing more detailed 
procedures and reducing blood loss; and (III) minimal 
surgical invasiveness leads to a shorter postoperative hospital 
stay, thus lowering costs. These advantages also apply to the 
use of laparoscopic surgery to treat pancreatic diseases.

Theoretically, preservation of the spleen is preferred, 
especially in patients with low grade malignant diseases, 
simply due its favorable role in regulating the balance 
between the hematologic and immune systems (14,15). The 
Warshaw operation was first described in 1988. Splenic 
vessels are resected and the spleen survives via the short 
gastric and left gastroepiploic vessels (16). Ferrone et al. 
described their cases of the Warshaw operation, focusing on 
possible long-term complications between February 1986 
and February 2009 (21). Out of 158 cases who underwent 
Warshaw operation, only three (1.9%) patients required 
reoperation for splenic infarction 3–100 days postoperatively 

due to abdominal pain and/or fever. Median follow-up was 
2.7 years (mean, 4.5 years, range, 0–21 years). Evidence 
of perigastric varices was observed in 16 out of 65 (25%) 
patients who received follow-up imaging at a median time 
period of 3.4 years, but none of the 158 patients developed 
gastrointestinal bleeding or hypersplenism (21).

Matsushima et al. reported on the operative outcomes of 
17 cases that underwent Lap-W. Splenic infarctions were 
observed in four patients (24%) and perigastric varices 
were observed in two patients (12%) (22). All these patients 
were observed conservatively. Matsushima described the 
importance of preserving not only the short gastric vessels 
but also the splenocolic ligament and left gastroepiploic 
vessels in order to retain the blood supply to the spleen 
in the Warshaw operation (23), and considered that the 
laparoscopic method of the Warshaw operation may be a 
more feasible way to preserve the blood supply to the spleen, 
since a laparoscopic technique can visualize thinner vessels 
and can therefore avoid unnecessary vessel treatment (22).

At this  t ime,  we comparatively considered the 
achievements of Lap-W and Lap-SPDP-VP, since the 
introduction of Lap-W. No significant difference in 
perioperative results was observed. Regarding long-term 
achievement, the occurrence rate of patency of the splenic 
vessels after switching to Lap-SPDP-VP was in agreement 

Table 3 Postoperative results of Lap-SPDP

Outcomes W group (6 cases) VP group (8 cases) P value

Pancreatic fistula (≥grade B)* (%) 2/6 (33.3) 1/8 (12.5) 0.5385

Symptomatic splenic infarction None** None –

Other complications None None –

Reoperation None None –

LOS (days, median) 12 [8–43] 11 [7–28] 0.2979

Mortality None None –

Follow-up periods (median value) 19 [13–28] months 23 [6–28] months 0.9139

Splenic artery patency (%) N/A 8/8 [100] –

Splenic vein patency (%) N/A 7/8 (87.5) –

Collateral vein development (%) 5/6 (83.3) 1/8 (12.5) 0.0256

Variceal development (%) 2/6 (33.3) None 0.1648

Bleeding from varices None None –

Other late-phase complications None None –

Recurrence None None –

*, no cases of grade C were observed; **, partial infarctions were revealed by CT in 3/6 (50%). Lap, laparoscopic; SPDP, spleen 

preserving distal pancreatectomy; W group, Warshaw operation group; VP group, splenic vessels preserving group; LOS, length 

of stay.
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as that reported in previous literature (24,25). Although 
the sample size of Lap-W cases was small at this time, 
collateral vein development was significantly large, and even 
variceal development was observed in 33% of the cases. 
Cases of bleeding from gastric varices during splenic artery 
and vein excision in Open-SPDP have been reported (26). 
Furthermore, in the Lap-SPDP-VP group, development 
of collateral veins was observed one out of eight patients. 
While SPDP is recommended for patients with benign 
or low grade malignant diseases, long-term follow-up to 
monitor hemodynamic changes in splenogastric circulation 
is considered needed.

In our results, a higher tendency for large tumor size was 
observed in the W group. In such cases, it is very difficult to 
detach the splenic vessels from the tumor or the pancreatic 
parenchyma. Detachment work in these cases is even more 
difficult in laparoscopic surgery. Similarly, detachment in 
cases complicated by associated pancreatitis are difficult. 
Furthermore, even in cases of low grade malignancy, the 
tumor capsule may remain when detaching the splenic 
vessels, hence complete cure is considered difficult. In such 
cases, performing Lap-W, rather than Lap-SPDP-VP, is 
considered appropriate.
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