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Abstract 
AIM: To evaluate the surgical outcomes following radi-
cal antegrade modular pancreatosplenectomy (RAMPS) 
for pancreatic cancer.

METHODS: Twenty-four patients underwent RAMPS 
with curative intent between January 2005 and June 
2009 at the National Cancer Center, South Korea. 
Clinicopathologic data, including age, sex, operative 
findings, pathologic results, adjuvant therapy, postop-
erative clinical course and follow-up data were retro-
spectively collected and analyzed for this study. 

RESULTS: Twenty-one patients (87.5%) underwent 
distal pancreatectomy and 3 patients (12.5%) under-
went total pancreatectomy using RAMPS. Nine patients 
(37.5%) underwent combined vessel resection, includ-
ing 8 superior mesenteric-portal vein resections and 1 
celiac axis resection. Two patients (8.3%) underwent 

combined resection of other organs, including the co-
lon, stomach or duodenum. Negative tangential mar-
gins were achieved in 22 patients (91.7%). The mean 
tumor diameter for all patients was 4.09 ± 2.15 cm. 
The 2 patients with positive margins had a mean diam-
eter of 7.25 cm. The mean number of retrieved lymph 
nodes was 20.92 ± 11.24 and the node positivity rate 
was 70.8%. The median survival of the 24 patients 
was 18.23 ± 6.02 mo. Patients with negative margins 
had a median survival of 21.80 ± 5.30 mo and those 
with positive margins had a median survival of 6.47 mo 
(P  = 0.021). Nine patients (37.5%) had postoperative 
complications, but there were no postoperative mortal-
ities. Pancreatic fistula occurred in 4 patients (16.7%): 
2 patients had a grade A fistula and 2 had a grade B 
fistula. On univariate analysis, histologic grade, posi-
tive tangential margin, pancreatic fistula and adjuvant 
therapy were significant prognostic factors for survival.

CONCLUSION: RAMPS is a feasible procedure for 
achieving negative tangential margins in patients with 
carcinoma of the body and tail of the pancreas.
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INTRODUCTION
Distal pancreatectomy, originally described at the Mayo 
Clinic in 1913, has been the standard procedure for 
carcinoma of  the body or tail of  the pancreas[1]. This 
traditional approach is, however, associated with a high 
tangential margin positive rate and is not based on the 
physiologic lymphatic drainage of  the pancreas[2]. So far, 
there has been little progress in overcoming these short-
comings. Radical antegrade modular pancreatosplenec-
tomy (RAMPS), which was first introduced by Strasberg 
et al[3] in 2003 as a surgical treatment for carcinomas of  
the body and tail of  the pancreas, is known as a feasible 
procedure for achieving a higher rate of  negative tan-
gential margins than the traditional approach. RAMPS 
is performed in a right-to-left fashion after early ligation 
of  blood vessels, whereas pancreatosplenectomy is per-
formed in a left-to-right fashion. In fact, RAMPS im-
proves the tangential margin negative rate and provides 
better surgical exposure, especially in obese patients[3].

 Strasberg et al[2] reported that negative tangential 
margins were obtained in 91% of  all patients and that 
the 5-year overall survival rate was 26%. However, there 
have been few studies on the clinical outcomes following 
RAMPS[4]. The purpose of  this study is to evaluate the 
surgical outcomes following RAMPS for carcinoma of  
the body and tail of  the pancreas.

MATERIALS AND METHODS
Patients
Twenty-four patients underwent RAMPS with curative 
intent between January 2005 and June 2009 at the Na-
tional Cancer Center in South Korea. History-taking, 
physical examination, liver function tests, tumor marker 
(carbohydrate antigen 19-9) levels, and abdominal com-
puted tomography (CT) scans were used for diagnostic 
and staging workup. A whole-body positron emission 
tomography scan was added when necessary. Clinico-
pathologic data, including age, sex, operative findings, 
pathologic results, adjuvant therapy, postoperative clini-
cal course and follow-up data were collected and ana-
lyzed retrospectively. A pancreatic fistula after surgery 
was defined based on the International Study Group 
of  Pancreatic Fistula definition[5]: a drain output of  any 
measurable volume on or after postoperative day 3 with 
an amylase concentration greater than 3 times the serum 
amylase concentration. Postoperative complications 
were reviewed and graded using the Clavien-Dindo clas-
sification[6].

Operative procedures
The operation was performed according to the procedure 
introduced by Strasberg et al[2]. After dissection of  the 
gastro-colic ligament, we entered the lesser omentum and 
dissected the celiac axis, hepatic artery, and trunk of  the 
splenic artery to divide the splenic artery. The neck of  the 
pancreas was divided using electrocautery, and the pan-

creatic duct stump was ligated. After we divided the neck 
of  the pancreas, the vertical plane of  dissection reached 
the level of  the aorta where the left renal vein was ex-
posed. The left adrenal vein was ligated and divided when 
a posterior RAMPS was performed. During lymph node 
dissection, we removed regional nodes along the com-
mon hepatic and celiac artery. The soft tissue to the left 
of  the hepatoduodenal ligament and superior mesenteric 
artery was also dissected. Lymph nodes along the splenic 
artery and splenic hilum were removed en-bloc with the 
specimen. Removal of  the nerve plexus and lymph nodes 
was performed in the same manner (Figure 1).

Adjuvant therapy
We performed adjuvant concurrent chemoradiation therapy 
(CCRT) on all patients without severe medical comorbidi-
ties or poor physical status. Several studies have demon-
strated the positive effects of  CCRT[7-17]. Twenty patients 
(83.3%) underwent adjuvant CCRT using multiple-field 
techniques. The initial irradiated field, which was defined 
as the tumor bed plus regional nodes, received 45 Gy in 25 
fractions using a 4-field technique (anteroposterior, pos-
teroanterior and paired laterals) with 15-MV X-rays. The 
tumor bed boost field received an additional 5.4-10.8 Gy 
in 3 to 6 fractions of  1.8 Gy. Concomitant 5-fluorouracil-
based chemotherapy during radiotherapy was given to all 
patients. Patients were followed every 3 mo with CT scans 
and tumor marker levels to detect recurrent disease. 
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Figure 1  Photographs of operative field. A: Anterior radical antegrade modu-
lar pancreatosplenectomy (RAMPS); B: Posterior RAMPS. Lt. GA: Left gastric 
artery; CHA: Common hepatic artery; SMA: Superior mesenteric artery; SMV: 
Superior mesenteric vein; Lt. RV: Left renal vein; LK: Left kidney; gl: Gland.



Statistical analysis
The χ 2 test, the independent t test, the Kaplan-Meier 
method with the log-rank test and a Cox regression mod-
el were used for statistical analysis. A P value of  less than 
0.05 was considered significant. SPSS® version 19.0 (Chi-
cago, IL, United States) was used for all statistical analy-
ses. This study was approved by the Institutional Review 
Board of  the National Cancer Center in South Korea.

RESULTS
Operative findings and histopathologic results
The mean age of  the total 24 patients was 60.00 ± 7.79 
years with a male:female ratio of  1.18:1. The mean opera-
tive time was 305.42 ± 155.68 min. One patient required 
a blood transfusion during surgery. Three patients (12.5%) 
who had cancer in the body of  the pancreas with dif-
fuse infiltration into the head and tail were converted 
to a total pancreatectomy. Nine patients (37.5%) under-
went combined vessel resection, including 8 superior 

mesenteric-portal vein (SMV-PV) resections and 1 celiac 
axis resection. Two patients (8.3%) underwent combined 
resection of  other organs, including the colon, stomach 
or jejunum. Posterior RAMPS, including resection of  the 
adrenal gland, was performed in 5 patients (20.8%). 

Histopathologic examination showed that 21 cases 
(87.5%) were T3. As for histologic grade, moderately 
differentiated adenocarcinoma was found in 17 patients 
(70.8%). The mean number of  retrieved lymph nodes 
was 20.92 ± 11.24 and node positivity was observed in 
17 patients (70.8%). The pancreatic parenchymal resec-
tion margin was negative for all patients with a mean dis-
tance of  16.52 ± 13.8 mm. Negative tangential margins 
were obtained in 22 patients (91.7%). The mean tumor 
diameter of  all patients was 4.09 ± 2.15 cm. Two pa-
tients with positive tangential margins had a mean tumor 
diameter of  7.3 cm (Table 1). Among 9 patients with 
combined vessel resection, 1 patient had no evidence of  
vascular invasion on pathology. 

Nine patients (37.5%) had postoperative complica-
tions (Table 2). Pancreatic fistula occurred in 4 patients 
(16.7%): 2 patients had a grade A fistula and 2 had a 
grade B fistula. Intra-abdominal fluid collections and 
grade B pancreatic fistulae were treated with percutane-
ous drainage and intravenous antibiotics. Patients with 
PV-SMV thrombosis were treated with percutaneous 
thrombectomy and stenting. There were no postopera-
tive mortalities. 

Survival and prognostic factors
In this study, the median survival was 18.23 ± 6.02 mo 
with a median follow-up period of  20.06 ± 14.46 mo 
(Figure 2). Twenty-one patients (87.5%) had recurrence 
at follow-up. Two patients (8.3%) had local recurrence, 
14 patients (58.3%) had distant metastasis, and 5 patients 
(20.8%) had both. 

Celiac axis resection (Appleby operation) was per-
formed in 1 patient who died of  recurrent disease 12.5 mo 
after surgery. Three patients who underwent total pan-
createctomy had a median survival of  21.23 ± 4.25 mo 
which was similar to the median survival of  all patients 
in this study. One patient was free of  cancer at his last 
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  Parameters         n  (%)

  Mean tumor diameter           4.09 ± 2.15 cm
     Tumor diameter in negative margin (n = 22)           3.80 ± 1.73 cm
     Tumor diameter in positive margin  (n = 2)           7.25 cm
  Histologic grade
     Well-differentiated           2 (8.3)
     Moderately-differentiated         17 (70.8)
     Poorly-differentiated           5 (20.8)
  T stage
     T2           3 (12.5)
     T3         21 (87.5)
  Lymph node metastasis 
     (+)         17 (70.8)
     (-)           7 (29.2)
  Vascular invasion 
     (+)         12 (50)
     (-)         12 (50)
  Lymphatic invasion
     (+)         15 (62.5)
     (-)           9 (37.5)
  Perineural invasion 
     (+)         21 (87.5)
     (-)           3 (12.5)
  Tangential margin 
     (+)           2 (8.3)
     (-)         22 (91.7)

Table 1  Pathological results

  Complications n  (%) Grade (number)

  Pancreatic fistula        4 (16.7) A (2), B (2)1

  Wound dehiscence        2 (8.3) Ⅲa (2)2

  Intraabdominal fluid collection        1 (4.2) Ⅲa (1)2

  Pleural effusion        1 (4.2) Ⅲa (1)2

  PV-SMV thrombosis        1 (4.2) Ⅲa (1)2

Table 2  Postoperative complications

1Graded by the International Study Group on Pancreatic Fistula classifica-
tion; 2Graded by Clavien-Dindo classification. PV: Portal vein; SMV: Supe-
rior mesenteric vein.
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Figure 2  Overall survival curve of the 26 patients.
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visit, while the other 2 patients had local or systemic re-
currence. 

Twenty patients (83.3%) underwent adjuvant CCRT. 
CCRT was also performed in patients with pancreatic 
fistula with the exception of  1 patient with grade A pan-
creatic fistula who was not a candidate because of  age.

On univariate analysis, histologic grade, positive tan-
gential margin, pancreatic fistula and adjuvant therapy 
were significant prognostic factors for survival (Table 3). 
Unfortunately, this study was not powered to show sig-
nificant factors on multivariate analysis.

DISCUSSION
Because carcinomas of  the body and tail of  the pancreas 
are often found in a larger size than those of  the head, 
unresectable cases are more common and the recurrence 
rate after resection is also higher[18-22]. The goals of  pan-
creatic cancer surgery are to obtain tumor-free margins 
and perform a sufficient regional lymphadenectomy. 
However, conventional distal pancreatectomy, which is 
performed in the left-to-right direction along the ante-
rior border of  Gerota’s facia, is inappropriate for achiev-
ing this goal because the tumor easily infiltrates the 
retroperitoneum and spreads to lymph nodes at an early 
stage. There have been few surgical methods to over-
come these limitations. Yang et al[23] introduced retro-

grade distal pancreatectomy, which cuts the neck of  the 
pancreas first and proceeds with dissection in the right-
to-left direction. This procedure is a useful method for 
exposing the portal-superior mesenteric vein junction, 
which helps to avoid operative injuries. RAMPS was in-
troduced with the theoretical advantages of  obtaining a 
higher rate of  negative tangential margins and a higher 
lymph node count. Therefore, we applied RAMPS to all 
distal pancreatectomy cases.

The margin-negative rate of  RAMPS reported by 
Strasberg et al[2] and our institute was 91% and 91.7%, re-
spectively, which is higher than the margin-negative rate 
of  conventional distal pancreatectomy (70% to 80%)[5,7,8]. 
In our study, only 2 patients showed positive resection 
margins. These 2 patients had a lower median survival 
than patients with negative margins (6.47 mo vs 21.80 
± 5.30 mo, P = 0.03). The first patient with a positive 
tangential margin underwent posterior RAMPS and was 
stage T3N1 with a tumor size of  10.5 cm. He received 
adjuvant CCRT after recovering from grade B pancreatic 
fistula, but had multiple liver metastases at follow-up and 
survived 6.5 mo. The second patient underwent anterior 
RAMPS with combined jejunal resection due to gross 
invasion. He had stage T3N0 disease with a tumor size 
of  4.0 cm. He had both local recurrence and distant me-
tastasis after adjuvant CCRT and survived 19.0 mo.

RAMPS has also been applied to laparoscopic distal 
pancreatectomy because it provides good surgical expo-
sure for performing a right-to-left distal pancreatectomy. 
Kang et al[24] and Choi et al[25] reported outcomes of  
laparoscopic distal pancreatectomy performed on well-
selected patients with left-sided pancreatic ductal adeno-
carcinomas. 

In a previous study performed by Strasberg et al[2], 
the mean number of  retrieved lymph nodes and lymph 
node positivity rate were 14.3 and 48%, respectively. In 
our study, the mean number of  retrieved lymph nodes 
was 20.92 ± 11.24 and the lymph node positivity rate 
was 70.8%. Lymph node status is known to be a very 
important prognostic factor in pancreatic cancer. Some 
previous reports emphasized the lymph node ratio (the 
number of  positive lymph nodes/the total number of  
retrieved lymph nodes) in pancreatic cancer[26]. However, 
few studies have mentioned the number of  retrieved 
lymph nodes, which makes it difficult to compare the 
surgical efficacy of  RAMPS with conventional distal 
pancreatectomy. 

Strasberg et al[2] reported that the median survival time 
and the 5-year survival rate after RAMPS were 21 mo 
and 26%, respectively, which were better than those of  
previous reports[18]. It is known that patients with left-
sided pancreatic cancer have poorer survival rates than 
patients with right-sided pancreatic cancer. However, 
surgical outcomes for patients with left-sided cancer 
were better than those with right-sided pancreatic cancer. 
Our patients had a median survival of  18.23 ± 6.02 mo, 
which was a little better than the survival following distal 
pancreatectomy reported by previous studies of  conven-
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  Factors n Median survival (mo) P  value

  Age ≤ 60 yr 11        21.84 ± 12.90   0.249
> 60 yr 13        16.93 ± 8.54

  Gender Male 13        21.80 ± 6.84   0.995
Female 11        18.23 ± 4.77

  Transfusion (+)   1        26.1   0.345
(-) 23        19.79 ± 14.73

  Operative time ≤ 300 min 18        21.80 ± 7.42   0.534
> 300 min   6        12.53 ± 6.96

  Type of RAMPS Anterior 19        21.80 ± 4.34   0.421
Posterior   5        12.53 ± 6.65

  Combined vascular 
  resection 

(+)   9        16.93 ± 5.48   0.333
(-) 15        26.27 ± 10.81

  Tumor size ≤ 4 cm 15        26.27 ± 9.44   0.862
> 4 cm   9        18.23 ± 4.91

  Histologic grade WD   2        16.93   0.001
MD 17        26.27 ± 5.87
PD   5          6.46 ± 1.06

  T-stage 2   3        21.17 ± 10.94   0.448
3 21        18.23 ± 5.79

  N-stage 0   7        21.80 ± 16.32   0.485
1 17        18.23 ± 4.70

  Tangential margin (+)   2          6.46   0.031
(-) 22        21.80 ± 5.30

  Complication (+)   9        12.53 ± 4.77   0.385
(-) 15        21.80 ± 4.05

  Pancreatic fistula (+)   4          6.46 ± 1.52   0.003
(-) 20        26.27 ± 6.49

  Adjuvant therapy (+) 20        26.27 ± 6.49 < 0.001
(-)   4          6.30 ± 0.48

Table 3  Prognostic factors by univariate analysis

RAMPS: radical antegrade modular pancreatosplenectomy; WD: Well dif-
ferentiated; MD: Moderately differentiated; PD: Poorly differentiated.
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tional distal pancreatectomy. However, our patients were 
mostly T3 or higher (87.5%), and lymph node positivity 
was 70.8%, which means that most of  our patients were 
advanced stage. When viewed in this light, our results are 
better than those reported by previous studies and are 
comparable with those of  right-sided pancreatic cancer. 

We had 19 patients (79.2%) with systemic recurrence. 
Therefore, even though RAMPS has surgical advantages 
in terms of  local control, there are limitations in pre-
venting cancer progression, especially through systemic 
recurrence. 

We performed distal pancreatectomy for carcinomas 
of  the body and tail of  the pancreas using RAMPS, with 
a negative tangential margin of  91.7%, no mortality and 
acceptable morbidity. It is suggested that RAMPS is a 
safe and feasible procedure for carcinomas of  the body 
and tail of  the pancreas. Further studies with larger sam-
ple sizes are needed to confirm our results. 

COMMENTS
Background
Radical antegrade modular pancreatosplenectomy (RAMPS) is known as a 
feasible procedure for achieving a higher rate of negative tangential margins 
than the traditional approach. Although RAMPS is widely performed, there have 
been few studies on its clinical outcomes.
Applications
This study provides reference data for future larger studies. 
Terminology
RAMPS was first introduced in 2003 as a surgical treatment for carcinomas of 
the body and tail of the pancreas. 
Peer review
RAMPS seems to be a feasible procedure for achieving negative tangential 
margins for patients with carcinoma of the body and tail of the pancreas.
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