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Background: Laparoscopic distal pancreatosplenectomy is an effective and safe surgical modality for
treating benign and borderline distal pancreatic tumors, but rarely for pancreatic cancer. This study aimed to
compare the feasibility and safety of laparoscopic and open radical antegrade modular pancreatosplenectomy
for pancreatic cancer.

Methods: Fifty-one patients with pancreatic cancer who underwent radical antegrade modular
pancreatosplenectomy at Ningbo Medical Center Lihuili Hospital between January 2014 and July 2018
were enrolled. 20 patients underwent laparoscopic radical antegrade modular pancreatosplenectomy and
31 patients received open radical antegrade modular pancreatosplenectomy. Postoperative and short-term
outcomes of the two groups of patients were analyzed.

Results: The mean operation time, length of postoperative hospital stay, and overall postoperative
morbidity were similar in the two groups (P>0.05). The laparoscopic radical antegrade modular
pancreatosplenectomy group lost less blood (252.5£198.3 wvs. 472.6+428.0 mL, P=0.037) and had lower
transfusion rates (10.0% wvs. 35.4%, P=0.041) than the open radical antegrade modular pancreatosplenectomy
group. The laparoscopic group also had statistically significantly earlier passing of first flatus (2.5+0.8 vs.
3.2+1.2 days, P=0.028) and first oral intake (2.9+1.0 vs. 3.7£1.6 days, P=0.042). Furthermore, the rates of
postoperative pancreatic fistula (45.0% vs. 32.3%) and overall complications (70.0% wvs. 74.2%) were not
statistically difference between the two groups. The survival rates at 6 months, 1 year, and 2 years after
surgery were not statistically difference between the laparoscopic and open groups (94.4% vs. 93.5, 67.0% vs.
78.0%, and 50.2% wvs. 38.3%, respectively).

Conclusions: The results of this study show that laparoscopic radical antegrade modular

pancreatosplenectomy is feasible and safe for the treatment of pancreatic cancer.
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Introduction

With the continuous development of laparoscopic
technology in recent years, laparoscopic surgery has
increasingly been applied in the diagnosis and treatment
of variety diseases. Laparoscopic distal pancreatectomy
is confirmed as being a safe approach to treating benign
and borderline tumors of the pancreatic body and tail.
Furthermore, involving less postsurgical pain and shorter
length of hospital stay for patients (1), the procedure has
gradually become a standard surgical treatment (2). Studies
have evidenced that laparoscopic distal pancreatectomy
is as safe and effective as open surgery in the treatment
of pancreatic body and tail cancer (3-10). Nevertheless,
the use of this approach is still controversial due to the
positioning of the pancreas deep in the retroperitoneal
space and the associated difficulty in achieving negative
pancreatic margins and effective lymph node dissection
(11,12). Radical antegrade modular pancreatosplenectomy
(RAMPS), which was originally reported by Strasberg
in 2003, has been developed based on N1 lymph node
dissection using the modular setting of the posterior plane
of dissection to obtain negative posterior margins (13).
However, there have been few studies comparing the
clinical outcomes of laparoscopic surgery and laparotomy
with RAMPS procedure in the treatments of pancreatic
body and tail cancer. In the current study, we compared
the clinical data of 20 patients who underwent laparoscopic
RAMPS (LRAMPS) and 31 patients who received open
RAMPS (ORAMPS) for pancreatic cancer, in an effort to
determine the safety and feasibility of laparoscopic radical
antegrade modular pancreatosplenectomy surgery for
treating this malignancy and to provide reference for its
clinical application.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-21-56).

Methods
General patient data

Patients (n=51) who underwent radical antegrade modular
pancreatosplenectomy surgery in Ningbo Medical Center
Lihuili Hospital between January 2014 and July 2018
were selected. The inclusion criteria for patients were as
follows: (I) tumor located in the pancreatic body or tail; (II)
pancreatic cancer confirmed by postoperative pathological
examination; (III) no distant metastasis was found during
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Table 1 Preoperative features comparison of patients undergoing
LRAMPS and ORAMPS

Group LRAMPS  ORAMPS P value
(n=20) (n=31)
Age (years, mean = SD) 67.2+8.4 66.9+9.1 0.917
BMI (kg/m2, mean + SD)  23.4+2.5 22.5+2.0 0.267
Sex 0.91
Female 10 16
Male 10 15
ASA classification score 0.803
1 11 15
2 8 15
3 1 1

SD, standard deviation; BMI, body mass index; ASA
classification, American Society of Anesthesiologists physical
status classification; LRAMPS, laparoscopic radical antegrade
modular pancreatosplenectomy; ORAMPS, open radical
antegrade modular pancreatosplenectomy.

the preoperative or intraoperative period. (IV) tumor
located at least 1-2 cm away from the celiac axis and
superior mesenteric artery (SMA) or vein. The exclusion
criteria for patients were as follows: (I) distant tumor
metastasis were detected by the preoperative imaging; (II)
postoperative routine pathology results showed a benign
or borderline tumor; (III) cases in which a safety margin
were difficult to be achieved while sparing the major vessel,
such as the superior mesenteric artery (SMA) or vein,
were excluded from the study. The study was approved
by the ethics committee of the Lihuili Hospital IRB No.
KY2021SL006-02). Patients provided written informed
consent from each participant, and the procedures were in
compliance with Helsinki Declaration (as revised in 2013).
The patients were divided into the laparoscopic group
(LRAMPS group, n=20) and the open group (ORAMPS
group, n=31) according to the surgical procedure they
received. The LRAMPS group included 10 males and 10
females aged 67.2+8.4 years old with a preoperative body
mass index (BMI) of 23.4£2.5 kg/m’. In the ORAMPS group
were 16 males and 15 females aged 66.9+9.1 years old with a
preoperative BMI of 22.5+2.0 kg/m’. There was no significant
difference in the preoperative general characteristics between
the two groups (Table I). Postoperative pathological diagnosis
showed pancreatic ductal adenocarcinoma in all patients in
the LRAMPS group and 28 patients in the ORAMPS group.
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Table 2 Comparison of intraoperative and postoperative information of patients in the LRAMPS and ORAMPS groups

Group LRAMPS (n=20) ORAMPS (n=31) P value
Operating time (min, mean + SD) 273.8+90.3 264.3x77.1 0.692
Blood loss (mL, mean + SD) 252.5+198.3 472.6+428.0 0.037
Transfusion 2 11 0.041
Positive resection margin 0 1 0.315
Extended resection

Left adrenal gland 3 8 0.57

Stomach 1 2 0.603

Colon 2 1 0.693
Clavien-Dindo classification

| 15 18

Il 4 12 0.263

1l 1 1
Postoperative pancreatic fistula 0.147

Biochemical fistula 5 4

Grade B pancreatic fistula 8 10

Grade C pancreatic fistula 1 0
Peritoneal infection 2 2 0.645
Chylous fistula 2 4 0.753
Delayed gastric empty 3 0 0.107
Thrombocythemia 8 17 0.301
Time to postoperative anal exhaust (days, mean + SD) 2.5+0.8 3.2+1.2 0.028
Time to postoperative oral intake (days, mean + SD) 2.9+1.0 3.7£1.6 0.042
Length of hospital stay (days, mean + SD) 19.0+£9.9 19.6+16.8 0.876
Cost in the hospital(dollars, mean + SD) 8,270+2,590 8,020+1,350 0.656
Postoperative chemotherapy 14 25 0.382

SD, standard deviation; LRAMPS, laparoscopic radical antegrade modular pancreatosplenectomy; ORAMPS, open radical antegrade

modular pancreatosplenectomy.

Among the 3 other patients in the ORAMPS group, there
were 2 cases of intraductal papillary mucinous tumor-related

invasive carcinoma and 1 case of adenosquamous carcinoma

(Tuble 2).

Operative technique

Laparoscopic surgery
The patients were placed in the supine position. The
surgeon was positioned to the right side of the patient and
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used the five holes method. The observation hole was made
by puncturing the lower umbilical edge with a 10-mm
trocar, and an artificial pneumoperitoneum was established
to maintain the abdominal pressure at 12 mmHg. All the
puncture holes were basically distributed in an inverted
triangle (Figure 1). Laparoscopic and open RAMPS were
performed using the same fundamental surgical procedure.
The pancreatic segments were exposed through transection
of the gastrocolic ligament with a harmonic scalpel, which
allowed the tumor location and size to be clearly defined.
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Figure 2 View of the laparoscopic radical antegrade modular

pancreatosplenectomy after the completion of the resection stage.

After careful dissection of the pancreatic neck a complete
window could be made via a vascular plane between the
pancreatic neck and the superior mesenteric vein (SMV).
Then, the superior and inferior borders of the pancreas
were separated to expose the splenic arteries and veins,
which were dissected and ligated. The dissection of lymph
nodes around the common hepatic artery was performed.
The division of the neck of the pancreas was performed by
a laparoscopic Endo-GIA stapler (ENDO GIA universal
STRAIGHT 60 3.5, Covidien). The pancreas was dissected
at a distance of 1-2 cm from the tumor. If necessary,
the left gastric artery was slung and lifted to remove the
surrounding lymph nodes. Dissection was subsequently
performed in a right-to-left fashion including the soft
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tissue around the celiac trunk and the splenic vessels,
with an intact fascial layer covering the adrenal gland and
perinephric soft tissue. For the requirement of tumor radical
resection, some patients underwent extended resections,
which involved the left adrenal gland resection, and partial
resection of the stomach or the transverse colon (Figure 2).

Open surgery

The procedure for open surgery was similar to that of
laparoscopic surgery except that the pancreas was dissected
using a scalpel after the suspension of the pancreatic neck
with a suspension sling. The pancreatic duct was then
ligated, and the pancreatic section was continuously sutured

by 4-0 Prolene thread (Figures 3,4).

Postoperative management

Postoperatively, a peritoneal drainage tube was routinely
placed in the operative area, and the drainage fluid and
hemodiastase on day 3 after surgery were detected. Patients
were given fluid intake after their first anal exhaust after
surgery. When the amount of peritoneal drainage fluid fell
below 10 mL/24 hours, the peritoneal drainage tube was
removed. Pancreatic fistula was assessed according to the
latest standards issued by The International Study Group
on Pancreatic Fistula (ISGPF) (13), and postoperative
complications were assessed according to the Clavien-
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Figure 3 Management of pancreatic section during open approach.
(A) The neck of the pancreas was suspended with a suspension
sling; (B) the pancreatic neck is dissected using a scalpel; (C) the
pancreatic duct was ligated and the section was continuously
sutured with 4-0 Prolene thread.

Dindo classification (14).

Statistical analysis

The statistical software SPSS 19.0 (SPSS Inc., Chicago, IL)
was used to analyze the data. All measurement data were
expressed as the mean = standard deviation (SD). The #-test
was applied to compare means between the two groups. The
Chi squared test or Fisher’s exact probability test was used
for enumeration data, and the rank-sum test was used for
ranked data. Survival rates were analyzed using the log-rank
method, and the Kaplan-Meier method was used to analyze
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Figure 4 View of the open posterior radical antegrade modular

pancreatosplenectomy after the completion of the resection stage.

postoperative survival time. The criterion for statistical
significance was set as P<0.05.

Results

Intraoperative conditions

The LRAMPS group lost less blood (252.5£198.3 wvs.
472.6+428.0 mL) and had a lower transfusion rate (10.0%
vs. 35.4%) than the ORAMPS group, and the differences
were statistically significant (P<0.05). There were no
statistically significant differences in the operative time,
extended excision rate, or the rate of positive margins
between the two groups (P>0.05).

Postoperative pathology

The amount of lymph nodes removed was 9.6+6.4 in the
LRAMPS group, compared with 12.8+5.8 in the ORMPS
group. The tumor size was 4.2+1.9 and 4.2+1.6 cm in the
LRAMPS and ORAMPS groups, respectively, and poorly
differentiated carcinoma accounted for 55.0% and 67.7% of
cases in the two groups, respectively. There was no statistically
significant difference between two groups (Table 2).

Perioperative complications and postoperative recovery

The first postoperative flatus and first oral intake occurred
statistically significantly earlier in the LRAMPS group than
in the ORAMPS group (P<0.05). However, no statistically
significantly differences were observed between the two
groups in terms of Clavien-Dindo classification, length of
hospital stay, the incidence of pancreatic fistula, peritoneal
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Table 3 Comparison of pathological data of the LRAMPS and
ORAMPS groups

Group LRAMPS ORAMPS P value
(n=20) (n=31)
Tumor size (cm) 4.2+1.9 4.2+1.6 0.927
Differentiated degree 0.362
Well 1 1
Moderate 8 9
Poor 11 21
Tumor stage 0.888
T 2 5
T2 8 9
T3 8 15
T4 2 2
N stage 0.446
NO 14 19
N1 6 10
N2 0 2
TNM stage 0.777
| 7 9
Il 9 16
M 4 6
Lymph nodes
No. of nodes dissected 9.6+6.4 12.8+5.8 0.203
No. of metastatic nodes 0.7+1.0 0.9+1.5 0.554

LRAMPS, laparoscopic radical antegrade modular
pancreatosplenectomy; ORAMPS, open radical antegrade
modular pancreatosplenectomy; TNM stage: American Joint
Cancer Committee/Union International Cancer TNM staging
system

infection, chylous leakage, or delayed gastric emptying.
Among the complications recorded, the biochemical
fistula occurred in 5 patients, the grade B pancreatic fistula
occurred in 8 patients, and the grade C pancreatic fistula
occurred in one patient in the LRAMPS group. In the
ORAMPS group, the biochemical fistula and the grade B
pancreatic fistula occurred in 4 and 10 patients, respectively,
while no cases of the grade C pancreatic fistula were
observed. According to the definition of pancreatic fistula
in the latest guidelines, pancreatic fistula was not included
biochemical fistula (7uble 3). Therefore, the incident of
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pancreatic fistula was 45% and 32.3% for the LRAMPS
group and the ORAMPS group, respectively. Patients who
experienced postoperative pancreatic fistula were treated
with postoperative drainage, enzyme inhibitors, fasting, and
parenteral nutrition support. For patients with obstructed
drainage, puncture and drainage or negative pressure
irrigation and drainage were performed under the guidance
of B-ultrasound. All of the patients were recovered after
symptomatic therapy, except one patient in the LRAMPS
group required reoperation for the pancreatic fistula
and peritoneal infection and recovered. There were no
postoperative mortalities.

Long-term follow-up

The follow-up cut-off date for all patients was in July 2018,
and the follow-up period ranged from 1-24 months. The
median follow-up time in the LRAMPS group was 15
months, compared with 23 months in the ORAMPS group.
The 6-month, 1-year, and 2-year survival rates were no
statistically significantly difference between the two groups
(94.4% vs. 93.5%; 67.0% vs. 78.0%, and 50.2% vs. 38.3%,
respectively), as analyzed using the log-rank method.
The Kaplan-Meier survival curves showed no statistically
significant difference in postoperative survival time between
the groups (P=0.411) (Figure 5).

Discussion

Pancreatic cancer is one of the most common malignancies
of the digestive system. Because pancreatic cancer is not
sensitive to chemoradiotherapy, surgical resection is the
only radical treatment option. For cancer in the pancreatic
body and tail, the radical surgery is closely related to the
negative resection margin and the dissection of lymph
nodes (11). In 2003, Strasberg described an approach to
resect left-sided pancreatic cancer called radical antegrade
modular pancreatosplenectomy (RAMPS), which is a novel
procedure that includes a horizontal dissection plane from
right-to-left and radical resection of regional lymph nodes
based on anatomic drainage of the pancreas (13). However,
laparoscopic surgery with RAMPS procedure is still
challenging for surgeons. Few studies about the laparoscopic
radical antegrade modular pancreatosplenectomy for
pancreatic body and tail cancer have reported (3-5,8), the
application of laparoscopic RAMPS is still controversial due
to oncological safety concerns regarding en bloc resection,
negative margins, and complexity of the surgery.
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Figure 5 Comparison of the survival curves between the
laparoscopic radical antegrade modular pancreatosplenectomy
(LRAMPS) group (n=20) and the open radical antegrade modular
pancreatosplenectomy (ORAMPS) group (n=31) of patients with

pancreatic cancer (P=0.411).

Laparoscopic operation has been widely accepted due
to its’ minimally invasive approach and advantages, such
as less bleeding, smaller transfusion volumes requirement,
and shorter incisions with less pain. Consequently, these
advantages also applied to laparoscopic RAMPS. At the
beginning of the laparoscopic surgery, studies reported
that its operation time was longer than open surgery due to
the immature technique and medical equipment (15-17).
Nevertheless, with its continuous development in recent
decades, the advantages of laparoscopic surgery have
become clearer. First, surgeons are able to dissect the
tissue and vessels more elaborately under a laparoscope,
thus reducing blood loss; moreover, due to the smaller
incision, patients who undergo laparoscopic surgery recover
faster after the operation. One meta-analysis of patients
with pancreatic body and tail cancer demonstrated that
the laparoscopic distal pancreatectomy group showed
remarkably less blood loss and lower transfusion rates than
the open distal pancreatectomy group, while the operating
time showed no significance between the two groups (4).
In our study, blood loss and the transfusion rate in the
LRAMPS group were statistically significantly lower than
those in the ORAMPS group, while no statistical difference
was observed in the operating time, which is consistent with
most reports.

As the main postoperative complication of the pancreatic
surgery, pancreatic fistula has been repeated assessed. The
latest staging criteria for pancreatic fistula defines grade A
pancreatic fistula as being biochemical fistula, and it was
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therefore excluded from the incidence of postoperative
pancreatic fistula in this study. According to the criteria,
in the LRAMPS group, there were 9 cases of pancreatic
fistula (45%), of which 8 cases were grade B and one was
grade C; in the ORAMPS group, there were 10 cases of
pancreatic fistula, all of which were grade B. The incidence
of pancreatic fistula between the two groups showed no
significant difference (P>0.05). Both procedures for the
surgical section of the pancreas had relatively high incidents
of pancreatic fistula. Patients who experienced postoperative
pancreatic fistula were treated with postoperative drainage,
enzyme inhibitors, fasting, and parenteral nutrition
support. For patients with obstructed drainage, puncture
and drainage or negative pressure irrigation and drainage
were performed under the guidance of B-ultrasound.
The outcomes of our study showed that there were no
statistically significant differences between the groups
for other postoperative complications such as peritoneal
infection, chylous fistula, delayed gastric emptying,
thrombocythemia, and length of hospital stay. First flatus
and first oral intake occurred significantly earlier in the
LRAMPS group than in the ORAMPS group, indicating
that the LRAMPS group required a shorter time to recover
gastrointestinal function. There were no postoperative
mortalities. Preliminary studies have shown laparoscopic
radical antegrade modular pancreatosplenectomy to be as
safe and reliable as open approach, while achieving faster
postoperative recovery.

Laparoscopic surgery has been proven by accumulative
studies to be a safe and effective treatment for tumors of the
pancreatic body and tail. It has gradually become a standard
surgical treatment benign and low-grade malignant
pancreatic body and tail tumors. Nonetheless, laparoscopic
surgery is immensely challenging and may increase the
difficulty in obtaining negative pancreatic resection margins
and lymph node clearance, thus affecting patient prognosis.
However, recent studies showed that there was no difference
in the positive rate of resection margins or in the number
of lymph nodes dissected between laparoscopic surgery
and open surgery, while the postoperative survival time was
comparable (18-24). Some researchers have even reported
that laparoscopic surgery is associated with the dissection of
a higher number of lymph nodes (25). Our results were in
accordance with those of the abovementioned studies that
reported no statistically significant difference in the amount
of lymph nodes during the two procedures (LRAMPS:
9.6+6.4 and ORAMPS: 12.8+5.8).

From the perspective of tumor resection margins, the
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postoperative pancreatic resection margin and the posterior
peritoneal resection margin were used to determine the rate
of positive margins (26). Both types of resection margins
were negative in the LRAMPS group, while one case in the
ORAMPS group was determined to have a positive resection
margin which was followed further resection. However,
there was no significant difference in the rate of positive
surgical margins between the two groups. In the LRAMPS
group, 6 patients received extended resection of other
organs, including left adrenal gland (n=3), partial colon
resection (n=2), and partial stomach resections (n=1). In the
ORAMPS group, 11 patients underwent extended resection,
including left adrenal gland (n=8), partial stomach (n=2),
and partial colon resections (n=1). However, if the adjacent
organs were invaded by tumor, confirmed by preoperative
imaging, it is strongly recommended the patient undergo
open operation. In terms of tumor differentiation, 55% and
40% of the LRAMPS group had poorly and moderately
differentiated cancers, respectively, compared to 67.7% and
29.0% of the ORAMPS group, respectively. Evidently, both
groups possessed a high proportion of poorly differentiated
cancers. There were no statistically significant difference
between the postoperative survival times of patients in
the two groups (P=0.261). These results suggest that for
patients with pancreatic body and tail cancer with early
TNM staging, the use of laparoscopic or open surgery had
no significant difference on survival time, even if the degree
of tumor differentiation was poor.

For the technology of the laparoscopic RAMPS,
Surgeons with the experience of laparoscopic surgery can
easily adapt to a RAMPS laparoscopic approach. Compared
with open surgery, the magnified view is in laparoscopic
procedure provided a more objective dissection plane. Due
to the positioning of the body and tail of pancreas in the
retroperitoneal space, the surgeon can be easier to dissect
the tissue in this region by the laparoscopic approach than
open approach, which may be result in achieving negative
margins and en-block resection. We believe these RAMPS
characteristics contributed to the safe and feasible outcomes
in laparoscopic approach.

In addition, it is difficult to reach firm conclusions
because of the small sample size in our study. Large sample
comparative studies are needed, since there were no surgical
approach dependent survival differences (laparoscopic
approach vs. open).
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Conclusions

In conclusion, LRAMPS is a safe and feasible treatment
for patients diagnosed with early- to mid-stage pancreatic
body and tail cancers, even for those with poor tumor
differentiation. The benefits of LRAMPS over ORMPS can
be clearly deduced from this comparison, with the former
possessing the advantages of less intraoperative blood loss
and faster postoperative recovery. Moreover, we found no
difference in the rate of postoperative complications, the
amount of harvested lymph nodes, or postoperative survival
time between the two surgical treatments. Therefore, the
application of the laparoscopic radical antegrade module
pancreatosplenectomy is worthy of being promoted in the
clinical setting.
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