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Abstract
Purpose The aim of this study was to establish whether laparoscopic RAMPS (L-RAMPS) is a safe procedure with better 
oncological outcomes compared to laparoscopic distal pancreatectomy (LDP) with splenectomy among patients with distal 
pancreatic ductal adenocarcinoma (PDAC).
Methods This is a retrospective study performed on consecutive patients who underwent L-RAMPS and LDP with splenec-
tomy for resectable or borderline resectable PDAC of the body and tail. In this paper, we presented our technique of laparo-
scopic RAMPS and analyzed intraoperative and perioperative complications, oncological efficacy, and long-term survival.
Results The study included 12 patients in the L-RAMPS group and 13 patients in the LDP with splenectomy. L-RAMPS was 
associated with significantly higher rates of R0 resection (91.7% vs. 69.2%, p = 0.027). There were no differences between 
the L-RAMPS and LDP with splenectomy groups in intraoperative blood loss (400 mL vs 400 mL, p = 0.783) and median 
operative time (250 min vs 220 min, p = 0.785). No differences were found in terms of perioperative complications, includ-
ing the incidence of pancreatic fistula.
Conclusion Laparoscopic RAMPS is a feasible and safe procedure. It provides higher radicality as compared with LDP with 
splenectomy, without increasing the risk of complications. Further studies are necessary to evaluate long-term outcomes.

Keywords Laparoscopic radical antegrade modular pancreatosplenectomy · Distal pancreatectomy · Pancreatic cancer · 
Laparoscopy

Introduction

Pancreatic ductal adenocarcinoma of the body and tail is 
characterized by an aggressive course. It is commonly diag-
nosed during advanced stage when the tumor has spread 
beyond the margins of the pancreas to adjacent or distant 
organs [1]. The only available curative therapy is surgical 
treatment if possible. The most important goal in pancreatic 
cancer surgery is to achieve complete resection, sufficient 
lymphadenectomy, and tumor-free margins. The rate of 
positive (R1) resection margins after standard distal pan-
createctomy with splenectomy (SDP) remains high, which 
is the main cause of local recurrence and metastasis. In order 
to achieve radical operation with more extensive lymphad-
enectomy, Strasberg proposed the radical antegrade modular 
pancreatosplectomy (RAMPS) technique in 2003 [2], based 
on the studies on pancreatic lymph drainage conducted by 
O’Morchoe [3]. This technique provides better posterior 
margin and possibility to adjust the dissection margin 
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depending on the depth of tumor infiltration. Studies com-
paring RAMPS and SDP with splenectomy have shown that 
it is correlated with higher R0 resection rates and harvest of 
more lymph nodes [4–10].

Laparoscopic left pancreatectomy has become the stand-
ard for pancreatic body and tail tumors. Similarly to many 
other laparoscopic procedures, laparoscopic approach 
was implemented for RAMPS. Laparoscopic RAMPS 
(L-RAMPS) is a technically more demanding, and due to 
the lack of proven superiority, it is rather rarely performed. 
Minimally invasive RAMPS was initially performed in 
carefully selected patients [8, 11–14]. Early results showed 
that L-RAMPS was feasible and safe. Currently, the is no 
clear evidence whether it improves oncological outcomes or 
whether it increases the risk of perioperative complications. 
In this paper, we present our laparoscopic RAMPS technique 
and its short-term results compared to laparoscopic distal 
pancreatectomy (LDP) with splenectomy among patients 
with left-sided pancreatic ductal adenocarcinoma.

Material and methods

The following study is a retrospective cohort study of con-
secutive patients that underwent laparoscopic radical ante-
grade modular pancreatosplenectomy (RAMPS) for adeno-
carcinoma of the body and tail of the pancreas between 
June 2021 and December 2022. The inclusion criteria to 
the RAMPS group were as follows: ≥ 18 years old patients, 
qualified and consent for RAMPS due to clinical suspicion 
for adenocarcinoma of the pancreas, or confirmed adenocar-
cinoma of body or tail of pancreas.

Control group consisted of retrospective cohort of con-
secutive, adult patients that underwent laparoscopic distal 
pancreatectomy with splenectomy due to pancreatic ductal 
adenocarcinoma between August 2018 and December 2022. 
Follow-up for patients’ survival was completed in February 
2023.

Preoperative counseling and preparations

Preoperative diagnostic workout included serum Ca 19–9, 
transaminases, albumin and protein levels, and other stand-
ard blood tests required for general anesthesia. Assessment 
of tumor staging and resectability was carried out with use 
of computed tomography (CT) with three-dimensional (3D) 
angiography and contrast-enhanced magnetic resonance 
imaging of abdomen (MRI). Endoscopic ultrasonography 
(EUS) with biopsy was performed in case of doubt whether 
the tumor is malignant. In case of a high suspicion of dis-
semination, the PET-CT scan was performed.

Nutritional interventions were implemented in all cases. 
Oral protein and immunomodulative supplementation was 

administered. In case more advanced malnutrition, patients 
were admitted 2 weeks prior of surgery for parenteral nutri-
tional treatment. All patients were scheduled for laparo-
scopic procedures, regardless of tumor size or suspicion of 
large vessel infiltration.

Surgical technique

Patient was positioned in the supine position with legs and 
arms abducted. Legs were flexed in hips, and patient was 
positioned in slight reverse Trendelenburg position. Surgeon 
was standing between patients’ legs, and assistants were at 
both sides of patients. However, the position of the opera-
tor may change depending on the situation in the operating 
field. Scrub nurse was standing on the patient’s right. Ten- to 
12-mm trocars were inserted in the abdominal wall 3–4 cm 
above the umbilicus and then in the left midclavicular line 
slightly above the first one. After careful visual exclusion of 
peritoneal neoplastic dissemination, additional 5-mm trocars 
were inserted: subcostal trocar in the left anterior axillary 
line; right midclavicular line; and if needed subcostal trocar 
on the right side between the midline and right midclavicular 
line (Fig. 1).

Two monitors were used.  CO2 pneumoperitoneum was 
set at a pressure of 12 mm Hg. A 30° laparoscope was used 
routinely.

Laparoscopic radical antegrade modular pancreatos-
plenectomy (L-RAMPS) adapted the same principles as 
described by Strasberg [2]. The gastrocolic ligament was 
widely opened to visualize the body and tail of the pancreas. 
The splenocolic ligament was divided using a harmonic 
sealer/divider and clips. The splenic flexure of the colon 
was mobilized downward as much as needed. The anterior 
aspect of the pancreas was exposed by dividing the adhe-
sions between the posterior surface of the stomach and the 

Fig. 1  Placement of trocars
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pancreas. Transverse colon mesentery was divided from the 
inferior pancreatic border. Usually at the level of the tumor, 
some part of the transverse mesentery was also resected, in 
most cases with preservation of important vascular struc-
tures. The neck of the pancreas was dissected below the 
inferior pancreatic border until the superior mesenteric vein 
was exposed. Small branches of the superior mesenteric vein 
were controlled either with harmonic sealer/divider or with 
titanium clips. At this stage, the left and anterior wall of 
the SMA was safely exposed. Next, the surgeon approached 
the superior border of the pancreas. Lymph nodes along the 
common hepatic artery, proper hepatic artery, and portal 
vein were dissected. The left gastric vein and artery were 
identified and followed toward the origin of the splenic 
artery. The left gastric lymph nodes were dissected until 
the splenic artery was exposed. The splenic artery was iso-
lated. Splenic vessels were isolated from the pancreas, and 
the neck of the pancreas was divided using an endoscopic 
stapler. Pancreatic stump was oversewn with barbed hori-
zontal mattress suture. After transection of the pancreas, the 
splenic artery was isolated and divided between clips close 
to the celiac artery, the same as the splenic vein at conflu-
ence with the superior mesenteric vein. Celiac axis lymph 
nodes and nodes along the anterior and the left side of the 
superior mesenteric artery (SMA) were dissected. The block 
of tissue, frequently referred to as “mesopancreas” located 
between SMA and celiac axis (“Heidelberg’s triangle”), is 
removed together with specimen. The lateral and posterior 
sides of the SMA were dissected further until the left renal 
vein was identified. Retroperitoneal dissection continued 
along the anterior surface of the renal vein laterally. After 
reaching the anterior wall of the renal vein, the surgeon was 
able to accurately assess the extent of tumor penetration and 
decide whether anterior or posterior RAMPS is optimal. The 
posterior plane of the dissection runs along the anterior wall 
of the left renal vein. If anterior RAMPS is performed, the 
dissection plane continues along the anterior wall of the left 
adrenal vein and the anterior aspect of the left adrenal gland. 
For tumors extended beyond the posterior margin of the pan-
creas, a posterior RAMPS should be performed. The dis-
section should begin deeper and form the lateral wall of the 
aorta, along the posterior wall of the body and diaphragm, 
with excision of the left adrenal gland. Posterior and lateral 
dissection is continued to the anterior surface of the kidney 
(Fig. 2).

The superior and inferior attachments of the pancreas 
were divided as dissection proceeds toward the spleen. The 
short gastric vessels were then divided, usually without 
clips. Finally, the lienorenal ligament was divided. When 
spleno-pancreatic block was fully mobilized, it was inserted 
into a large retrieval endo-bag and then retracted through 
Pfannenstiel incision (with use of the wound protection sys-
tem). Drain was placed near the pancreatic stump.

Postoperative course, discharge from hospital

Perioperative care was based on ERAS protocol [15]. One 
day prior to surgery and on the day of surgery, each patient 
received a prophylactic dose of low-molecular-weight hepa-
rin and was allowed to drink clear fluids. On the first day 
after surgery, the patient returned to the oral diet if there are 
no symptoms of postoperative ileus.

On the third postoperative day, the level of amylase in 
the discharge from the drain was assessed. The decision to 
remove the drain was made individually, depending on the 
volume and concentration of amylase in the discharge.

We used the revised 2016 International Study Group on 
Pancreatic Fistula (ISGPF) definition of pancreatic fistula 
[16].

Statistical analysis

Data were analyzed with Statistica 13.3 PL (TIBCO Soft-
ware, Palo Alto, USA). Continuous data are presented as 
means with standard deviation (SD) or as medians with 
first and third quartiles (Q1–Q3) when appropriate. Groups 
were compared with chi-square test with or without Yates 
correction or Fisher’s test, when appropriate. Quantitative 
data were compared in Mann–Whitney’s test. Survival 
was assessed after Kaplan–Meier’s curve analysis with 
Cox–Mantel’s test.

Ethics

All procedures have been performed in accordance with 
the ethical standards laid down in the 1964 Declaration of 

Fig. 2  Operating field after resection stage. CT, celiac trunk; CHA, 
common hepatic artery; LGA, left gastric artery; GDA, gastroduode-
nal artery; SMA, superior mesenteric artery; LAV, left adrenal vein; 
LRV, left renal vein
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Helsinki and its later amendments. Informed consent for sur-
gical treatment was obtained from all patients before sur-
gery. Study was approved by the local bioethics committee.

Material

Twenty-five patients were in total included in this study. The 
median age was 67 (61–72) years. Study population included 
8 males (32%) and 17 females (68%).

Results

L-RAMPS group included 12 (48%) patients while control 
group 13 (52%) who underwent laparoscopic distal pan-
createctomy (LDP) with splenectomy. Patients’ character-
istics are presented in Table 1. Both groups did not differ in 

terms of age, sex, BMI, and tumor localization (respectively, 
p = 0.086; 0.202; 0.183; 0.593). Localization of tumors in 
the body or tail of the pancreas did not differ groups signifi-
cantly (p = 0.593). The tumor size in L-RAMPS groups was 
significantly smaller (median 26.5 mm, Q1–Q3 21–44) than 
in LDP with splenectomy (median 45 mm, Q1–Q3 35–50). 
Table 2 demonstrates perioperative outcomes. One patient in 
LDP with splenectomy required conversion due to necessity 
of stomach and splenic flexure en bloc resection. There was 
no difference in the median operative time in the L-RAMPS 
group (median 250 min, Q1–Q3 150–300) and LDP with 
splenectomy group (median 220 min, Q1–Q3 178–260). The 
blood loss in both group was comparable.

The were no significant differences between the two 
groups in the incidence of pancreatic fistulas. Clinically rel-
evant pancreatic fistulas (grade B and C) were diagnosed in 
3 patients (25%, 2 grade B, 1 grade C) in L-RAMPS group 

Table 1  General characteristics Laparoscopic distal pancrea-
tectomy with splenectomy

L-RAMPS group p-values

n (%) 13 (52%) 12 (48%) n/a
Median age, years (Q1–Q3) 65 (59–69) 70 (66–74.5) 0.086
Males/females, n (%) 6/7 (46%/54%) 2/10 (17%/83%) 0.202
Median BMI, kg/m2 (Q1–Q3) 26.3 (24.8–28.3) 24.4 (22.3–26.1) 0.183
Localization, n (%) Body 12 (92.3%) 10 (83.3%) 0.593

Tail 1 (7.7%) 2 (16.7%)
Tumor size, mm, median (IQR) 45 (35–50) 26.5 (21–44) 0.044

Table 2  Perioperative outcomes (< 90 days)

Laparoscopic distal pancreatectomy 
with splenectomy

L-RAMPS group p-values

Conversion, n (%) 1 (7.7%) 0 n/a
Median operative time, min (Q1–Q3) 220 (178–260) 250 (150–300) 0.785
Median blood loss, ml (Q1–Q3) 400 (100–600) 400 (125–700) 0.783
Perioperative morbidity classified as Clavien–Dindo 3–5, n (%) 5 (38.5%) 6 (50%) 0.859
Pancreatic fistula type, n (%) Biochemical leakage 2 (15.4%) 1 (8.3%) 0.811

B 1 (7.7%) 2 (16.7%)
C 2 (15.4%) 1 (8.3%)

Delayed gastric emptying None 8 (61.5%) 9 (75%) 0.653
A 3 (23.1%) 2 (16,7%)
B 1 (7.7%) 1 (8.3%)
C 1 (7.7%) 0

Postpancreatectomy hemorrhage None 12 (2.3%) 10 (83.3%) 0.490
A 0 0
B 0 1 (8.3%)
C 1 (7.7%) 1 (8.3%)

30-day mortality, n (%) 0 1 (8.3%) n/a
90-day mortality, n (%) 1 (7.7%) 2 (16.7%) 0.490



Langenbeck's Archives of Surgery          (2024) 409:74  Page 5 of 9    74 

and in 3 patients in LDP with splenectomy group (23.1%, 
1 grad B, 2 grade C). Biochemical leakage (grade A) was 
confirmed in 1 patient (8.3%) in L-RAMPS group and in 
2 patients (15.4%) in LDP with splenectomy group. One 
patient in L-RAMPS group died due to postoperative cardio-
pulmonary failure, secondary to congestive heart failure and 
other comorbidities, without surgical complications.

Table 3 presents results of histopathological evaluation. 
L-RAMPS was associated with significantly higher rates of 
R0 resection (91.7% vs. 69.2%, p = 0.027).

Outcomes of follow-up are demonstrated in Table 4. Can-
cer-related death (> 90 days) rate was higher in LDP with 
splenectomy group than in L-RAMPS (61.5% vs. 41.7.0%, 
p = 0.320), which might be related to noticeably longer fol-
low-up in the first group. Patients’ survival is presented in 
Kaplan–Meier curve in Fig. 3. Cox–Mantel’s test revealed 
no significant differences in patients’ survival depending on 
groups with p = 0.333.

Discussion

LDP is a safe and feasible procedure for benign and bor-
derline left-sided pancreatic tumors [17–20]. For malig-
nant lesions in the body or tail of pancreas, RAMPS has 
now become the standard procedure. It has been proven 
that RAMPS provides higher chance for radical resec-
tion and increases the number of harvested lymph nodes 

[4–9]. However, we do not have high-quality evidence of 
increased overall survival.

Intuitively, minimally invasive surgical approach is 
expected to provide benefits such as lower blood loss, 
less morbidity, and shorter hospital stay as compared to 
open surgery. All efforts aimed at decrease of postopera-
tive complications is of outmost important in patients with 
adenocarcinoma of the pancreas as it increases the chance 
for early initiation of chemotherapy and thus increased 
overall survival [21]. The number of reports on L-RAMPS 
is growing, but there is still no clear evidence of it advan-
tage over open radical antegrade modular pancreatosple-
nectomy (O-RAMPS) [22–26].

In this paper, we present the result of 12 L-RAMPS 
compared with 13 LDP with splenectomy performed in 
patients with left-sided pancreatic ductal adenocarcinoma. 
We do not compare L-RAMPS with O-RAMPS in our 
study, because with the growing experience in minimally 
invasive surgery, all patients with suspected or diagnosed 
with ductal adenocarcinoma of the pancreatic body and 
tail were scheduled for laparoscopic surgery. Infiltration 
of the adjacent major veins was not exclusion criteria 
for L-RAMPS. Minimally invasive RAMPS with major 
venous resection has been shown to be safe and feasible 
[27, 28].

The most important prognostic factors for recurrence and 
overall survival after pancreatic resections for cancer are 
margin status and lymph node invasion [29–31].

Table 3  Histopathological results after operations

Laparoscopic distal pancreatec-
tomy with splenectomy

L-RAMPS group p-values

Microscopically radical operation (R0), n (%) 9 (69.2%) 11 (91.7%) 0.027
Microscopically nonradical operation (R1), n (%) 4 (30.8%) 1 (8.3%)
TNM for adenocarcinoma, n (%) T1 0 3 (25%) 0.021

T2 3 (23.1%) 6 (50%)
T3 10 (76.9%) 3 (25%)
N0 6 (46.2%) 6 (50%) 0.358
N1 5 (38.5%) 6 (50%)
N2 2 (15.4%) 0
M0 13 (52%) 12 (48%) n/a

Table 4  Follow-up Laparoscopic distal 
pancreatectomy with 
splenectomy

L-RAMPS group p-values

Cancer-related deaths (> 90 days), n (%) 8 (61.5%) 5 (41.7%) 0.320
Cumulative mortality, n (%) 9 (69.2%) 8 (66.7%) 0.891
Survivors, n (%) 4 (30.8%) 4 (33.3%)
Median follow-up in survivors, months (Q1–Q3) 59 (43–71) 23 (15–31) n/a
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One of the main principles of the RAMPS is modular 
setting of the posterior plane of dissection to increase nega-
tive posterior margins rates. The decision for an anterior 
or posterior L-RAMPS is most often made preoperatively 
on the basis of posterior margin of the tumor identified in 
CT scans. If the tumor penetrates the left adrenal gland or 
the posterior surface of the pancreas is involved with the 
tumor, a posterior RAMPS (with left adrenalectomy) should 
be performed [2]. None of our patient required a posterior 
L-RAMPS.

Based on the results from the analysis of our small group 
of patients, we cannot draw strong conclusions about onco-
logic and perioperative outcomes. In addition, the two 
groups we analyzed differed significantly in terms of tumor 
size (the tumor in the LDP group was about 20mm larger)—
a confounding factor for resection margins.

The R0 resection rate in our study in L-RAMPS group 
is 91.7%, compared to 69.2% in the LDP with splenec-
tomy. Our result are comparable to those achieved with 
O-RAMPS [4, 32]. The use of a minimally invasive tech-
nique in RAMPS does not adversely affect these results, as 
confirmed by the data already available [22, 24, 25, 33]. 
Sato S. et al. showed in a retrospective cohort study compar-
ing L-RAMPS with O-RAMPS that the use of laparoscopy 
resulted in a 100% R0 resection rate compared to 90.7% in 
the O-RAMPS group [34]. They also showed that among 
patients eligible for adjuvant chemotherapy, the L-RAMPS 
group showed a favorable induction rate (100.0 vs. 89.6%, 
p = 0.037).

The randomized controlled trial (DIPLOMA) compar-
ing oncological outcomes specifically in pancreatic ductal 
adenocarcinoma (PDAC) has been recently published [35]. 

This is an international, multicenter, patient- and pathol-
ogist-blind randomized controlled trial with the primary 
end point of radical resection. This study compared the 
results of minimally invasive left radical “no-touch” pan-
creatosplenectomy [36] with radical antegrade modular 
pancreatosplenectomy for open procedures [2]. In this 
study, R0 resection occurred in 73% of patients in the 
minimally invasive group and in 69% of patients in the 
open procedure group.

To determine the quality of surgical treatment, we should 
refer to the results of benchmark studies [37–40]. Müller PC 
et al. [39] analyzed the results of four multicenter retrospec-
tive studies defining benchmark cut-off values for distal pan-
createctomy (open, laparoscopic, and robotic). Two studies 
reported on oncological outcomes for patients with PDAC 
with cut-offs for R0 rate of 83% [40] and 76% [37].

Another main principle of RAMPS is complete lym-
phadenectomy along the body and tail of the pancreas and 
around the celiac axis and the anterior left wall of the supe-
rior mesenteric artery. As intended, RAMPS allows for a 
more extensive lymphadenectomy [6, 41]. There is no evi-
dence of deterioration of the quality of lymphadenectomy in 
L-RAMPS [24, 25, 33]. In our study, half of the patients (6 
L-RAMPS, 7 LDP with splenectomy) were diagnosed with 
lymph node metastases.

Up to date, open and laparoscopic RAMPS have not been 
shown to have any effect on overall survival [6, 23, 25, 26, 
42, 43]. However, a recent report showed that it reduces the 
risk of local recurrence [9]. This suggest that RAMPS is an 
appropriate procedure for patients with advanced tumors, as 
it enables early adjustment of the resection plane depend-
ing on the depth of tumor infiltration. In combination with 

Fig. 3  Patient survival Demised Survivor
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adjuvant chemotherapy, it may have beneficial effect on local 
disease control.

The greatest concern in the postoperative course is the 
risk of postoperative pancreatic fistula (POPF). The preva-
lence of POPF after distal pancreatectomy ranges widely 
from 5 to 40% [44–46]. Currently, many risk factors for 
POPF are known [47–49]. In particular, these are mainly 
the consistency and thickness and the pancreas [50, 51]. Pan-
creatic transection using a laparoscopic endostapler is the 
most commonly used and convenient method, but the rate of 
POPF is still worrisome. The use of endoscopic staplers with 
a prolonged peri-firing compression during laparoscopic sur-
gery may decrease the risk of POPF [52, 53]. To reinforce 
the staple line, we additionally cover it with a continuous 
suture [54, 55]. In our study, 23% patients in the LDP with 
splenectomy and 25% in the L-RAMPS group were diag-
nosed with relevant POPF (grade B and C). Biochemical 
leakage (grade A) occurred in 15% patients in the LDP with 
splenectomy group and in 8% in the L-RAMPS group. In 
benchmark studies, the incidence of clinically significant 
pancreatic fistula (grade B/C) ranges from 24 to 32% [39].

Typically, a more extensive surgery is expected to result 
in higher blood loss, increased risk of infection (SSI), longer 
hospital stay, and worse complication rate. With increasing 
experience and development of technique, surgeon can more 
accurately utilize the advantages of laparoscopic access, 
such as magnification and different exposure of the oper-
ating field. This results in a less traumatic dissection and 
reduced blood loss. Despite the complexity of the L-RAMPS 
procedure, blood loss and the transfusions rate in this group 
are acceptable and significantly lower than those in the 
O-RAMPS [22–24, 26, 33, 34, 56]. In our study, the median 
blood loss was 400 ml in both groups. We did not find that 
L-RAMPS was significantly longer operation as compared 
to LDP with splenectomy. With regard to open surgery, we 
have not noticed that laparoscopic approach increase the 
time of RAMPS [10]. Regarding intraoperative outcomes, 
benchmark cut-offs for blood loss ranged from 150 to 195 ml 
and operative times from 232 to 300 min [39]. No surgical 
site infections (SSI) were noted in both compared groups. 
Typically, as in most laparoscopic operations, we observed 
shortening of the recovery time of gastrointestinal function. 
As compared with data from literature about O-RAMPS, the 
first flatus and first oral intake occurred significantly earlier 
[26].

Limitations

The analyzed data are from a single center and for the 
L-RAMPS group are collected from 2020. The most impor-
tant limitation of our study is the small size of the study 
group. The compared groups also differ significantly in terms 
of tumor size and length of follow-up. These limitations 

implement need for further research to provide more com-
parability of perioperative and oncologic outcomes.

Conclusion

The introduction of laparoscopic RAMPS for pancreatic can-
cer did not increased morbidity and mortality of patients as 
compared with patients after LDP with splenectomy. Lapa-
roscopic RAMPS provided higher rate of microscopically 
radical operations as compared with LDP with splenectomy 
but did not improve patients’ survival in our cohort. Further 
studies are necessary to evaluate long-term outcomes.
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