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Abstract

Introduction: Radical Antegrade Modular Pancreatosplenectomy 
(RAMPS) is regarded as the modified approach of Conventional Distal 
Pancreatectomy (CDP) and has been applied in left-sided pancreatic 
cancer worldwide, but it is still controversial if RAMPS is more benefi-
cial for patients, especially for the oncological outcomes.

Materials and methods: Studies were sought systematically in 
MEDLINE, Web of Science and CENTRAL. The primary outcomes were 
R0 resection rate, lymph-node retrieval numbers, overall complica-
tions and overall survival rate. The secondary measures were opera-
tive time, length of postoperative hospital stay and intraoperative 
blood loss. Pooled results are presented as odds ratios (OR) or mean 
difference (MD) with 95% confidence interval (CI).

Results: Totally 9 observational studies with a total of 958 pa-
tients were included in the final analysis. The meta-analysis demon-
strated that RAMPS had more lymph-node retrieval numbers (MD, 
4.82, 95%CI (1.81~7.83); P=0.002), shorter postoperative hospital 
stay (MD, -4.97, 95%CI (-9.70~-0.25); P=0.04) and decreased intraop-
erative blood loss (MD, -185.63, 95%CI (-212.41~-158.85); P<0.001) 
compared to CDP. There were no significant differences  between 
the two groups with respect to operative time (MD, -5.44, 95%CI 
(-52.58~-41.69); p>0.05), R0 resection rate (OR, 1.55, 95% CI, (0.78 
~ 3.10); p>0.05), overall complications (OR, 0.66, 95%CI (0.23~1.87); 
p>0.05), overall survival rate (OR, 1.30, 95%CI (0.46~3.69); p>0.05).

Conclusions: This meta-analysis indicates that RAMPS is superior 
to CDP in terms of better oncological outcomes with less intraopera-
tive blood loss and shorter postoperative hospital stay. Further evi-
dence will be needed to verify the results.
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Introduction

Pancreatic cancer is one lethal tumor in gastrointestinal dis-
ease and becoming the second leading death carcinoma in next 
decades with a with a 5-year overall survival (OS) rate nearly 
10% [1,2]. Surgery remains the most curative method for treat-
ing pancreatic tumors [3]. Conventional Distal Pancreatectomy 
(CDP) was reported for the left-sided pancreatic cancer but had 
unsatisfactory results with a 5-year overall survival of 6-30% 
[4,5]. Whereas CDP has some limitations in leading to improved 
clinical outcomes, the surgical research has not been stopped. 
From 2003, Radical antegrade modular pancreatosplenectomy 
(RAMPS) was introduced as one novel approach of the  modi-
fied CDP [6]. 

RAMPS was regarded to make up part disadvantages of CDP 
and provide a better surgical vision through providing a poste-
rior dissection plane [7]. After the wide application of RAMPS, 
this method attains the possibility to reduce the positive margin 
resection and increase the lymph node retrieval and R0 rates 
by systematic review and meta analysis [8-10]. Actually, CDP is 
always considered as the standard surgery for left-sided pan-
creatic cancer in spite of some unsatisfactory oncological out-
comes which may influence the patients’ long-term quality of 
life (QOL). Pervious systematic review indicated that RAMPS 
is safe and feasible compared to DP, but due to the included 
sample size is not enough, the level of evidence should be im-
proved with more included studies [8,10]. This updated system-
atic review and meta analysis aims to confirm the superiority of 
RAMPS in contrast to CDP scientifically and prudently.

Methods

Literature search strategies

A systematic literature retrieval of relevant studies was per-
formed up to September 2021 in PubMed, Embase, the Co-
chrane Library and Web of Science. The following key words 
were used to search related studies: “radical antegrade modu-
lar pancreatosplenectomy” or “RAMPS”. The authors also per-
formed a search of the reference list of selected articles.

Inclusion and exclusion criteria

Two reviewers (KY W and DD) independently selected eli-
gible article according to the predefined criteria. Discrepancies 
were resolved by discussions with a third reviewer (JH T). Inclu-
sion criteria were: (1) literature design type: clinical trials or ob-
servational studies (including cohort and case-control studies); 
(2) the included patients were clearly diagnosed; (3) included 
items in the study for comparison: R0 resection rates (R0 resec-
tion indicates a microscopically margin-negative resection, in 
which no gross or microscopic tumor remains in the primary tu-
mor bed), lymph-node retrieval, overall complications, overall 
survival, etc. should be available; (4) the studies focused on the 
RAMPS vs CDP and (5) language of the included study is limited 
to English. Exclusion criteria were: (1) abstracts, letters and case 
reports, etc; (2) literatures that were not comparative or not re-
lated to RAMPS procedure or CDP; (3) articles not reporting the 
assessmet of the beneficial effects or harms of the treatments 
(postoperative outcomes or HR and 95%CI); and (4) studies with 
data duplication.

Quality assessment

Two separate authors (KY W and DD) assessed the quality 
of included studies. The quality of included studies were as-
sessed using the Newcastle-Ottawa Scale (NOS) for each includ-
ed articles. Included literatures were ranked with a maximum 
of 9 points, including three parts: “selection”(four elements) 
“comparability”(one element) and “outcome”(three elements). 
Included studies with a NOS score <6 were considered of mod-
erate or low quality [11]. As for the randomized controlled trials 
(RCTs), the Jadad scale was applied to evaluate the quality of 
the articles. Jadad score more than 4 was regarded as moderate 
or high quality.

Literature screening and data extraction

Literature screening: two researchers (KY W and DD) inde-
pendently excluded the articles that clearly did not meet the 
inclusion criteria through reading the title and abstract of the 
included literatures. Then reading the full text of the studies 
that seemed to meet the inclusion criteria to select the study 
which met the inclusion criteria precisely. If there were discrep-
ancies during the screening process, a resolution was available 
through discussion with a third reviewer (JH T).

Data extraction: The extracted data included study char-
acteristics (title, authors, publication date, study period), pa-
tient characteristics (age, sex, body mass index, etc), number 
of cases, outcome measures between RAMPS and CDP, such as 
R0 resection rates, lymph-node retrieval, overall complications, 
overall survival, etc. For the outcomes of interest, when con-
tinuous variable were reported only as medians and ranges, the 
methods were applied to calculate means and standard devia-
tions. The protocol of this study has been registered in PROS-
PERO: CRD42021249100.

Statistical analysis

All statistical analyses in the study were performed using 
Review Manager 5.4 Software and Stata software version 12.0. 
For continuous outcomes, weighted mean differences (MD) and 
corresponding 95% confidence intervals (CI) were calculated by 
the inverse variance method. For dichotomous outcomes, odds 
ratios (OR) and the corresponding 95% CI were calculated us-
ing the Mantel-Haenszel (MH) method. For the assessment of 
statistical heterogeneity, the I² statistic was used. If I² is greater 
than 50% statistical heterogeneity was considered to be high 
[12]. Due to the clinical heterogeneity and for a relatively con-
servative perspective, a random-effects model had been chosen 
for the meta-analyses regardless of the presence or absence of 
statistical heterogeneity. Potential publication bias for the pri-
mary outcomes were assessed using funnel plot and the regres-
sion test. A value of P<0.05 was considered to be statistically 
significant, and the 95% (CI) was set for effect measures.

Results

The flowchart of the literature selection process is shown in 
figure 1. Of 560 studies identified, we carefully evaluated the 
full text of 17 articles. Finally, nine studies (6 case-control stud-
ies [14-17,20,21] and 3 cohort studies [13,18,19] met all of the 
inclusion for the meta-analysis. The detailed characteristics and 
quality of the included studies are described in table 1. No RCTs 
had been published at the time of our search. The Newcastle-
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Ottawa scale was used to evaluated the risk of bias. All included 
studies earned a score of 7 or more and were considered high 
quality (Additional file 1: Table S1).

Figure 1: Flow diagram of studies included in the meta-analysis

Characteristics of included studies

We included 9 articles [13-21] in the meta-analysis involv-
ing 958 participants. Four of the nine studies were conducted 
in Korea [14,15,18,20], two in China [13,19], one in Japan [16], 
one in USA [17] and one in Italy [21]. The range of the sam-
ple size was from 25 to 446 participants (median sample 106 
people). The range of the participants’ age was from 37 to 80 
years old (median age 58.50 years old). The number of male in 
the total included study population were 521. Only three stud-
ies [13,15,18] referred to the BMI, the range of the BMI was 
19.2 to 27.7 kg/m2 (median BMI 23.22 kg/m2). And the CA19-9 
was mentioned only by 3 articles [13,14,16]. One [16] article 
referred to the Initial CEA, one [13] referred to the Albumin and 
three [13,16,18] referred to additional therapy. There were no 
significant differences in these demographic characteristics. 
The allocation bias in all literatures for patients who underwent 
RAMPS or CDP may have influenced outcomes. Furthermore, 
four studies mentioned the follow-up, but all of the studies 
were unclear about the follow-up method.

Table 1: Characteristics of included studies.

References Country
Published 

Year
Group

No. of 
patients

Age (year) M/F
BMI 

(kg/m2)
Tumor size 

(cm)
CA19–9 level 

(U/ml)
Well-moderate 
differentiation

Quality of 
studya

Dai M [3] China 2021 RAMPS 46 62.04 ± 8.83 23/23 22.94 ± 2.90 4.31 ± 1.99 NA 34 9

CDPS 57 62.16 ± 10.24 28/29 23.90 ± 3.33 4.19 ± 1.76 NA 39

Kim HS [4] Korea 2021 RAMPS 37 67.27 ± 9.29 13/24 NA 3.79 ± 1.43 249.3 33 7

CDP 37 64.30 ± 10.79 21/16 NA 3.95 ± 2.27 212.76 32

Kim EY [5] Korea 2016 RAMPS 30 63.7 ± 8.2 13/17 22.5 ± 3.3 4.6 ± 1.6 NA NA 8

DP 19 62.1 ± 8.5 7/12 22.6 ± 2.7 4.5 ± 1.5 NA NA

Abe T [6] Japan 2016 RAMPS 53 68.6 ± 10.7 31/22 NA NA 136.4±291.0 NA 7

SRPS 40 65.2 ± 8.6 29/11 NA NA 390.4±1157.1 NA

Trottman P [7] USA 2014 RAMPS 6 NA NA NA NA NA NA 8

standard 
resection

20 NA NA NA NA NA NA

Lee SH [8] Korea 2014 RAMPS 10 63.3 ± 9.9 6/4 24.2 ± 3.5 2.3 ± 0.6 NA 10 9

open DPS 40 62.7 ± 9.1 25/15 23.2 ± 2.8 3.2 ± 1.5 NA 33

Sham JG [9] China 2020 RAMPS 253 55 151/102 NA 4.8 (3.3-56) NA NA 10

CDP 193 69 100/93 NA 3.9 (3.0-5.2) NA NA

Park HJ [10] Korea 2014 RAMPS 38 62.17 (40–75) 23/15 NA 3.1 (2–8.0) NA NA 8

CDPS 54 61.25 (37–79) 35/19 NA 3.8 (1–11) NA NA

Latorre M [11] Italy 2013 RAMPS 8 61 5/3 NA NA NA NA 8

SPS 17 60 11/6 NA NA NA NA

M/F: male/female; NA: not available; a: according to Newcastle-Ottawa quality assessment scale.

Data analysis

Main outcome

R0 resection rate: Seven of the included studies reported 
R0 resection rate (13-16,18-20). 901 patients were involved 
in the studies. The R0 resection rate was 87.90% (407/463) in 
the RAMPS group and 85.39% (374/438) in the CDP group. The 
overall analysis revealed that there was no significant difference 
between the RAMPS group and the CDP group [OR 95% CI, 1.55 
(0.78 ~ 3.10); P = 0.21] (Figure 2a). Heterogeneity was detected 
(P=0.03, I2=57%), and the random-effects model was used.

lymph-node retrieval 

The seven studies reported lymph-node retrieval numbers 
[13-18,21]. The studies covered 414 patients to make com-

parison in the number of lymph-node retrieval. Overall analysis 
revealed that the number of lymph-node retrieval was signifi-
cantly higher in the RAMPS group than in the CDP group [MD 
95%CI, 4.82(1.81~7.83); P=0.002] (Figure 2b). Heterogeneity 
was detected (P=0.007, I2=66%), and the random-effects model 
was used.

Overall complications

Six studies reported overall complications rate involving 
767 patients [13,15-19]. No significant difference was found 
when comparing RAMPS (29.15%, 116/398) with CDP (52.03%, 
192/369) [OR 95%CI, 0.66(0.23~1.87); P=0.43] using a random-
effect model (P<0.001, I2=85%) (Figure 2c).
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Overall survival

294 patients were involved in four included studies re-
ported the overall survival rate [13,14,20,21]. Heterogeneity 
was detected (P=0.03, I2=68%), and the random-effects model 
was used. The overall survival rate was 27.13% (35/129) in the 
RAMPS group and 20.61% (34/165) in the CDP group. Overall 
analysis revealed no significant difference between RAMPS and 
CDP [OR 95%CI, 1.30(0.46~3.69); P=0.62] (Figure 2d).

Additional outcome

Meta-analysis results for additional outcome, including op-
erative time (the time between start of the surgery (incision) 
and the finish of surgery (closure of the skin)), length of post-
operative hospital stay (the time from the last operation until 
discharge) and blood loss are summarized in Table 2. Postopera-
tive stay in the RAMPS group was significantly lower than that 
in the CDP group[MD 95%CI, -4.97(-9.70~-0.25); P=0.04] with-
out increased intraoperative blood loss [MD 95%CI, -185.63(-
212.41~-158.85); P<0.001]. We found no statistically significant 
difference between RAMPS and CDP as regards the operative 
time (Additional file 2: Figure S1, Additional file 3: Figure S2, 
Additional file 4: Figure S3).

Figure 2: Meta-analysis for results (a) R0 resection rate, (b) lymph-
node retrieval, (c) overall complications, (d) overall survival

Table 2: Additional results of meta-analysis for RAMPS verse CDP.

Outcome Ref. included
No. of patients with 

RAMPS vs CDP
Heterogeneity Chi-square test Model used Mean difference 95% CI P value

Operative time (min) [13-18] 182 vs 213 P < 0.01; I2= 94% Random effect -5.44 -52.58~-41.69 0.82

Hospital stay (days) [13-18] 182 vs 213 P < 0.01; I2= 90% Random effect -4.97 -9.70~-0.25 0.04

Blood loss (ml) [13-18] 182 vs 213 P < 0.01; I2= 73% Random effect -185.63 -212.41~-158.85 0.01
CI: confidence intervals.

Sensitivity analyses

To test the stability of the overall meta-analysis results, sen-
sitivity analyses were conducted by Stata software (Additional 
file 5: Figure S4; Additional file 6: Figure S5). Then excluding 
studies with the small cases to perform sensitivity analyses 
[15,17,18,21]. The results of these analyses revealed no sig-
nificant differences when compared with the former estimates 
(Additional file 7: Table S2).

Publication bias

Egger’s test for lymph-node retrieval (t=-1.12, p=0.381), R0 
resection rates (t=2.07, p=0.093), overall complications (t=2.61, 
p=0.059) and overall survival (t=-0.83, p=0.495) revealed no 
publication bias.

Discussion

In this study, 9 clinical trials with 958 participants were in-
cluded and analyzed. Finally, RAMPS demonstrated the supe-
rior clinical outcomes compared to CDP with less intraopera-
tive blood loss, shorter hospital of stay and higher number of 
lymph-node retrieval. As for the operative time, R0 resection 
rate, overall complications and overall survival, RAMPS showed 
no significant difference in comparison with CDP. But in terms 
of advantages of RAMPS, the results of the intraoperative blood 
loss, hospital of stay and number of lymph-node retrieval held 
moderate to high heterogeneity, after performing the sensitiv-
ity analysis and publication bias analysis, the evidence of these 
results are convincible.

Given the results of previous meta analysis, RAMPS was 
proved to attain higher R0 resection rate and harvest of more 
lymph nodes with 378 patients in contrast to standard proce-
dure in the treatment of left-sided pancreatic cancer [8] while 
in our study, R0 resection rate is not obviously different in both 
groups. Another meta analysis with total 285 patients reported 
that there were significant difference among operation time, 
bleeding volume, R0 resection rate, number of lymph node 
excision and one-year overall survival between RAMPS and DP 
[10]. Considering the diversity of the results, the sample size is 
one important factor affecting the evidence and the risk of bias 
also contributed to the difference. However, it can be at least 
verified that RAMPS implied the benefit for the patients with 
pancreatic cancer.

From the results of our study, RAMPS has the potential to 
reduce the intraoperative blood loss. It is possibly because that 
RAMPS provides a more clearer surgical vision for surgeons to 
perform the resection conveniently. The posterior dissection 
plane allows the improvement of surgical skills to be carried 
out. Although there was no statistical significance in overall 
complications in both groups, the shorter length of hospital stay 
indirectly displayed that patients with RAMPS perhaps achieve 
a fast recovery after operation to some extent. Further evidence 
is needed to verify the results.

Unlike the CDP, the antegrade approach make it easier for 
surgeon to control the splenic vein, adrenal vein, and renal vein 
during the operation. Additionally, RAMPS pays more attention 
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to the negative margin resections and complete N1 node dis-
sections, in accordance with the results of our study, RAMPS 
truly had more number of lymph-node retrieval. The modifica-
tion of the CDP provides a novel concept of radical pancreatic 
resection for left-sided pancreatic cancer whereas there is lim-
ited RCT focusing on the long-term overall survival of RAMPS.

Compared to the conventional distal pancreatectomy, 
RAMPS displayed no obvious difference in R0 resection rate, 
overall complications, overall survival and operation time. In de-
tail, for R0 resection rate, only Abe’s study showed that RAMPS 
had high R0 resection rate while the rest studies did not imply 
significant difference in both groups. Sham’s study reported 
that RAMPS attained less overall complications and the others 
showed no difference between RAMPS and CDP. Additionally, 
Park’s study implied better overall survival in contrast to CDP 
with no distinct difference among other studies. Abe’ study 
proved that RAMPS achieved shorter operation time. Although 
there were no evident difference in total effect in terms of R0 
resection rate, overall complications, overall survival and opera-
tion time, several studies mentioned above truly showed the 
advantages of RAMPS compared to CDP respectively. Hence, we 
may postulate that RAMPS has the potential to be superior to 
CDP regard to improving the QOL of patients in the future. To 
investigate the real reason for the benefit of RAMPS, there are 
some theoretical findings: RAMPS hold the ability to provide 
the advanced visualization of the posterior plane of dissection, 
proper vascular control in advance and negative tangential mar-
gin rates [22,23]. Further researches are needed to confirmed 
the hypothesis. 

However, this study has some limitations as follows: 1. there 
is no RCT among all the included studies possibly leading to 
the bias, although NOS score was used to evaluate the qual-
ity of included studies; 2. during conducting this meta-analysis, 
some included studies did not have the standard definition for 
some index such as LOH, operation time resulting in some bias 
in the calculation; 3. the sample size of this study may be not 
big enough to produce more scientific and prudent evidence as 
designed before.

Conclusion

In summary, RAMPS is beneficial for patients with less intra-
operative blood loss, shorter postoperative hospital stay and 
more lymph-node retrieval number compared to CDP. RAMPS 
can be the optimal method for patients with left-sided pancre-
atic cancer.
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