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Abstract
AIM: To evaluate the feasibility and safety of lapa-
roscopic distal pancreatectomy (LDP) compared with 
open distal pancreatectomy (ODP).

METHODS: Meta-analysis was performed using the 
databases, including PubMed, the Cochrane Central 
Register of Controlled Trials, Web of Science and BIO-
SIS Previews. Articles should contain quantitative data 
of the comparison of LDP and ODP. Each article was 
reviewed by two authors. Indices of operative time, 
spleen-preserving rate, time to fluid intake, ratio of ma-
lignant tumors, postoperative hospital stay, incidence 
rate of pancreatic fistula and overall morbidity rate 
were analyzed.

RESULTS: Nine articles with 1341 patients who under-
went pancreatectomy met the inclusion criteria. LDP 
was performed in 501 (37.4%) patients, while ODP was 
performed in 840 (62.6%) patients. There were signifi-
cant differences in the operative time, time to fluid in-

take, postoperative hospital stay and spleen-preserving 
rate between LDP and ODP. There was no difference 
between the two groups in pancreatic fistula rate [ran-
dom effects model, risk ratio (RR) 0.996 (0.663, 1.494), 
P  = 0.983, I 2 = 28.4%] and overall morbidity rate [ran-
dom effects model, RR 0.81 (0.596, 1.101), P  = 0.178, 
I 2 = 55.6%].

CONCLUSION: LDP has the advantages of shorter hos-
pital stay and operative time, more rapid recovery and 
higher spleen-preserving rate as compared with ODP.
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INTRODUCTION
With improvement of  advanced surgical techniques and 
endoscopic instrument, laparoscopic distal pancreatectomy 
(LDP) is becoming a primary modality for the treatment 
of  benign or borderline tumors of  distal pancreas[1-3]. 

Recently, several researches have shown the advan-
tages of  LDP of  shorter hospital stay and operative time 
and less intraoperative blood loss[4-5]. But the efficacy of  
LDP compared with open distal pancreatectomy (ODP) 
required further assessment, especially the incidence of  
pancreatic fistula (PF) which may lead to further com-
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plications such as an intra-abdominal abscess, sepsis or 
lethal bleeding[6]. With a better understanding of  the 
anatomy and immune function of  spleen, especially the 
increased risks of  overwhelming post splenectomy infec-
tion (OPSI) and long-term lung thrombosis[7], laparo-
scopic spleen preserving distal pancreatectomy (LSPDP) 
was performed first by Kimura et al[8] and Warshaw[9]. 
However, the role of  “laparoscopy” in the spleen preser-
vation is still unclear. 

All the published studies we retrieved were based on a 
small number of  patients and no randomized trials were 
available. Therefore, we strictly established the inclusion cri-
teria and conducted a comprehensive meta-analysis to evalu-
ate more systematically the feasibility and safety of  LDP. 

MATERIALS AND METHODS
Search strategy
We searched databases of  PubMed, The Cochrane Cen-
tral Register of  Controlled Trials, Web of  Science and 
BIOSIS Previews for the literatures comparing LDP and 
ODP published between January 1995 and June 2011. 
The language of  the publications was confined to Eng-
lish. Two investigators reviewed the titles and abstracts, 
and assessed the full text to establish the eligibility. The 
search strategies were as follows (Table 1).

Inclusion criteria
All clinical studies should meet the following criteria 
for the meta-analysis: (1) published in English with data 
comparing ODP and LDP; (2) with clear case selection 
criteria, containing at least the following information: the 
number of  cases, surgical methods and perioperative data; 
(3) continuous variables (e.g., operative time and hospital 
stay) expressed in mean ± SD. Dichotomous variables (e.g., 
incidence of  PF and number of  death) such as odds ratio 
(OR) ​​and 95% confidence interval (CI); and (4) if  there 
was overlap between authors, centers, or patient cohorts, 
the higher quality or recent literatures were selected.

Exclusion criteria
The papers containing any of  the followings were ex-
cluded: (1) intra-operative conversion of  LDP to an open 
laparotomy, which was classified into the laparoscopic 
group; (2) single surgical procedure; and (3) laparoscopy-
assisted DP or hand-assisted LDP.

Data extraction and quality assessment
Two authors independently extracted the data using a 
unified datasheet, and decided the controversial issues 
through discussion. Extracted data included: first author, 
study period, the number of  cases, operative time, spleen 
preservation, hospital stay, cases of  malignant tumors, 
incidence of  post-operative complications, and PF. Se-
lected documents were rated according to the Grading of  
the Centre of  Evidence-Based Medicine (Oxford, United 
Kingdom; www.cebm.net).

Statistical analysis
This meta-analysis was performed according to the 
Meta-analysis of  Observational Studies in Epidemiol-
ogy (MOOSE) and the Quality of  Reporting of  Meta-
analyses (QUORUM) as a guideline[10,11]. Weighted mean 
differences (WMD) were used for continuous variables, 
and relative risk for dichotomous variables. P values < 0.05 
indicated statistically significant difference between the 
two groups. When heterogeneity test showed no signifi-
cant differences (P > 0.05), we used fixed effects model 
to calculate the summary statistics. When the heterogene-
ity test showed statistically significant differences (P < 
0.05), we used random effects model based on DerSimo-
nian and Laird method. If  the heterogeneity was high or 
extracted data were less than three sets, we performed 
descriptive analysis. The potential publication bias was 
determined by the Begg’s test and funnel plots based on 
the dichotomous variables. All data were analyzed using 
Stata SE11.0 software.

RESULTS
We retrieved 1663 papers in English. After the titles and 
abstracts were reviewed, papers without comparison of  
LDP and ODP were excluded. As a result, a total of  20 
studies[12-31] were collected, of  which 11 studies were ex-
cluded because of  intraoperative conversion and using 
“assisted” approach. However, we preserved them for the 
analysis as “conversion to open”. Finally, 9 studies[23-31] 

were included and extracted for detailed data. A flow 
chart of  search strategies is illustrated in Figure 1.

Totally, 1341 patients (sample sizes ranging from 44 to 
310) entered into this meta-analysis, including 501 (37.4%) 
cases of  LDP and 840 (62.6%) cases of  ODP. The de-
tailed study design and surgical techniques in 10 trials are 
summarized in Table 2.
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Table 1  Database and search strategy

Database Search strategy

PubMed "laparoscopy" (MeSH terms) or "laparoscopy" (all 
fields) or "laparoscopic" (all fields) or (minimally  

(all fields) and invasive (all fields) and ("pancreas" 
(MeSH terms) or "pancreas" (all fields) or 

"pancreatic" (all fields) and "humans" (MeSH 
terms) and English (lang) and "1995/1/1" (PDAT): 

"2011/06/30" (PDAT)
Web of Science "pancreas" or "pancreatic" or "pancreatectomy" and 

"laparoscopy" or "laparoscopic" 
(limited year: 1995-2011)

Cochrane Library "pancreas" or "pancreatic" or "pancreatectomy" and 
"laparoscopy" or "laparoscopic" 

(limited year: 1995-2011)
BIOSIS Previews "pancreas" or "pancreatic" or "pancreatectomy" 

and "laparoscopy" or "laparoscopic" (limited year: 
1995-2011) (related term and limited English and 

human and year: 1995-2011)

PDAT: Pulication date; MeSH: Medical subject headings.



Intraoperative effects
The operative time was reported in four articles[23,24,26,28]. 
Meta-analysis of  the pooled data showed that the opera-
tive time of  ODP was significantly shorter than LDP 
[random effects model, WMD 44.947 (13.857, 76.037), P 
= 0.005] (Figure 2A).

In the included articles, five studies[23,25,27,29,30] covered 
the spleen-preserving DP, 95 cases (29.6%) of  LSPDP 
were conducted among 321 cases of  LDP as compared 
with 76 cases (13.3%) of  SPDP among 571 cases of  ODP. 
The pooled data showed that the spleen-preserving rate 
in LDP was significantly higher than in ODP [random 
effects model, RR 2.380 (1.177, 4.812), P = 0.016, I2 = 
73.2%], (Figure 3A). Although there was moderate hetero-
geneity, spleen-preservation occurred more often in LDP. 
Most authors tended to use the “Kimura method”, and 
“Warshaw method” was used in a few LDPs and in cases 
with severe adhesion or vessels involved in tumors. Tech-
nical details of  spleen-preservation are listed in Table 3.

Among 714 cases of  LDP, 100 cases (14.0%) converted 
to open surgery and 6 cases converted to the hand-assisted 
approach as shown in 20 articles[12-31] because of  severe 
bleeding, abdominal adhesions, large tumor, organ injury, 
and difficult anatomy. 

The techniques of  pancreatic stump closure in the 
included studies are summarized in Table 4. Because the 
pooled data was derived from 9 institutions, no single 
technique was used for both procedures, but similar prin-
ciples were applied. In LDP, the gland was divided by 
staplers and in ODP, stapler or scalpel + suture was used. 
In some cases, bio-sealant was attached to the stump re-
ported by Baker, DiNorcia, Kim and Aly[23,24,27,30]. 

Postoperative outcome
Three studies[23,26,30] contained information about time to 
post-operative fluid intake. Meta-analysis of  the pooled 

data showed that time to fluid intake was shorter in 
LDP than in ODP [random effects model, WMD -0.948 
(-1.863, 0.032), P = 0.042] (Figure 2B). Another three 
studies[23,26,28] reported the postoperative hospital stay. 
The pooled data showed that postoperative hospital stay 
was significantly shorter in LDP than in ODP [random 
effects model, WMD -2.713 (-3.799, 1.628), P = 0.00] 
(Figure 3B).

The proportion of  malignant tumors reported by four 
articles[24,26,28,31] was 20% (36/180) in LDP and 20.1% (54/269) 
in ODP, and most of  them were adenocarcinomas. The pro-
portion of  malignant tumors in LDP was not significantly 
different as compared with ODP [fixed effects model, 
RR 1.036 (0.708, 1.516), P = 0.000, I2 = 0%] (Figure 3C). 
There was no difference in patient selection between the 
two groups.

All studies illustrated the criteria for PF. Seven articles 
followed the criteria by International Study Group for Pan-
creatic Fistula (ISGPF): any measurable volume of  fluid on 
or after postoperative day 3 with an amylase level > 3 times 
that of  normal serum amylase level. Eom et al[28] used the 
following PF criteria: drainage exceeding 30 mL with an 
amylase level > 600 U/dL on or after postoperative week 
1. Kim et al[30] chose the PF criteria: a level of  drain amylase 
five times greater than the serum level and drainage of  
more than 30 mL 5 d or longer after the operation. 

One study was excluded[31] due to no available data, 8 
studies reported 50 (12.5%) PF cases in 401 LDP (12.5%) 
and 99 (13.4%) PF cases in ODP. The pooled data showed 
no significant difference between the two groups [random 
effects model, RR 0.996 (0.663, 1.494), P = 0.983, I2 = 
28.4%] (Figure 2C) and no publication bias was found by 
Begg’s test (Figure 4). Similarly, there was no significant 
difference in the overall morbidity between LDP and ODP 
[random effects model, RR 0.81 (0.596, 1.101), P = 0.178, 
I2 = 55.6%] (Figure 5), although there was moderate het-
erogeneity. 

DISCUSSION
Since Cuschieri and Gagner[32,33] documented the earliest 
attempts at LDP in humans, there have been an increas-
ing number of  reports indicating the advantages of  LDP 
of  minimal trauma, rapid recovery, and shorter hospital 
stay. But due to the high postoperative morbidity and a 
high level of  laparoscopic technical requirements and 
extensive experiences in open pancreatic surgery, the 
progression of  LDP was considerably restricted. In par-
ticular, the randomized clinical trials (RCT), which are the 
ideal objects of  meta-analysis, have been extremely dif-
ficult to achieve. The published articles comparing LDP 
and ODP were all retrospective studies with common de-
fects such as long-term research, small number of  cases 
and incomplete data. With the development of  surgical 
technology, potential bias and inappropriate results could 
be produced from the recent literature analyzed with the 
earlier clinical data. Furthermore, due to a relatively low 
incidence of  left pancreas diseases, there are few LDP 
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Initial literature search 
(n  = 1663)

Articles retrieved for full 
text evaluation (n  = 20)

Articles suitable for 
meta analysis (n  = 9)

Abstracts excluded because of not 
LDP vs  ODP studies (n  = 1643)

Articles excluded because of failure to meet 
inclusion criteria (n  = 11)

Figure 1  A flow chart of search strategies. The initial search strategy re-
trieved 1663 papers in English. Finally 9 studies were included and extracted 
for detailed data. LDP: Laparoscopic distal pancreatectomy; ODP: Open distal 
pancreatectomy.
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Table 2  Characteristics of the literatures

Ref. Study 
year

Nation Case 
number

Study 
type

Pancreatic 
transection

Spleen 
persevation

Total 
morbidity

PF Mortality 
%

Level of 
evidence

LDP ODP LDP ODP LDP ODP LDP ODP LDP ODP LDP ODP

Aly et al[23] 1998-2009 Japan 40 35 Retro Stapler Stapler/
scalpel + 

suture

13   3   8 11   5   6 0 0 4

Baker et al[24] 2003-2008 USA 27 85 Pros Stapler/ 
scalpel + 

micro sealer 
device

Scalpel + 
suture

NA 10 30   6 12 0 0 2b

Butturini et al[25] 1999-2006 Italy 43 73 Retro Stapler Scalpel + 
suture

19   8 21 33 12 10 0 0 2b

Casadei et al[26] 2000-2010 Italy 22 22 Case 
control

Stapler Stapler NA   6   6   2   4 0 0 2b

DiNorcia et al[27] 1991-2009 USA 71 192 Retro Stapler Stapler/ 
Scalpel + 

suture

11 30 20 84   8 27 0 2 4

Eom et al[28] 1995-2006 Korea 31 62 Retro Stapler Scalpel + 
suture

13 NA 11 15   3   4 0 0 4

Jayaraman et al[29] 2003-2009 USA 74 236 Retro Stapler/ 
scalpel + 

suture

Stapler/ 
scalpel + 

suture

14 33 11 94   6 31 NA 4

Kim et al[30] NA Korea 93 35 Retro Stapler Stapler/ 
Scalpel + 

suture

38   2 23 11   8   5 NA 4

Vijan et al[31] 2004-2009 USA 100 100 Retro Stapler NA 25 NA 34 29 17 17 3 1 4

Retro: Retrospective observational study; Pros: Prospective observational study; LDP: Laparoscopic distal pancreatectomy; ODP: Open distal 
pancreatectomy; PF: Pancreatic fistula; NA: Not available.

Study
ID WMD (95% CI) % Weight

Aly et al [23] 90.00 (37.53, 142.47)   17.37
Casadei et al [26] 80.00 (39.724, 120.28)   21.80
Baker et al [24] 17.20 (4.78, 29.62)   32.59
Eom et al [28] 22.20 (-2.50, 46.90)   28.25
Overall (I 2 = 79.5%, P  = 0.002) 44.95 (13.86 76.04) 100.00

A

-142               0              142

Study
ID WMD (95% CI) % Weight

Aly et al [23]  1.00 (-0.81, 2.81)   16.65
Kim et al [30] -1.70 (-2.29, -1.11)   40.09
Casadei et al [26] -1.00 (-1.44, -0.56)   43.26
Overall (I 2 = 78.1%, P  = 0.010) -0.95 (-1.86, -0.03) 100.00

B

-2.51           0           2.51

C Study
ID   RR (95% CI) % Weight

Aly et al [23] 0.73 (0.24, 2.18)   10.51
Baker et al [24] 1.57 (0.65, 3.79)   14.48
Butturini et al [25] 2.32 (1.09, 4.92)   17.65
DiNorcia et al [27] 0.80 (0.38, 1.68)   18.04
Eom et al [28] 1.50 (0.36, 6.29)     6.81
Jayaraman et al [29] 0.61 (0.27, 1.41)   15.53
Kim et al [30] 0.60 (0.21, 1.72)   11.27
Casadei et al [26] 0.50 (0.10, 2.45)     5.69
Overall (I 2 = 28.4%, P  = 0.202) 1.00 (0.66, 1.49) 100.00

0.102                 1                  9.82

Figure 2  Meta-analysis of the pooled data. A: operative time was significant ly shorter in open distal pancreatectomy (ODP) than in laparoscopic distal pancreatec-
tomy (LDP) [random effects model, WMD 44.947 (13.857, 76.037), P = 0.005]; B: Time for fluid intake was shorter in LDP than in ODP [random effects model, WMD 
-0.948 (-1.863, 0.032), P = 0.042]; C: Pancreatic fistula occurrence has no significant difference between LDP and ODP [random effects model, RR 0.996 (0.663, 1.494), 
P = 0.983, I2 = 28.4%]. Weights are from random effects analysis. CI: Confidence interval; RR: Risk ratio; WMD: Weighted mean differences.
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studies with large sample sizes. Therefore, with strictly 
defined inclusion and exclusion criteria, we performed 
a comprehensive analysis to assess the current status of  
LDP vs ODP.

The proportions of  malignant tumors were 20% in 
both LDP and ODP, which showed no difference in the 

patient selection between the two groups. DP was most 
frequently used in the treatment of  benign or borderline 
tumors, which was in agreement with previous stud-
ies[34,35] using either “laparoscopy” or “open”.

The most important indicators to represent the op-
erative effect were shorter operative time, time to fluid 

Study
ID   RR (95% CI) % Weight

Aly et al [23] 3.79 (1.18, 12.22)   16.12
Butturini et al [25] 4.03 (1.93, 8.41)   22.07
DiNorcia et al [27] 0.99 (0.53, 1.87)   23.51
Jayaraman et al [29] 1.35 (0.77, 2.39)   24.44
Kim et al [30] 7.15 (1.82, 28.08)   13.86
Overall (I 2 = 73.2%, P  = 0.005) 2.38 (1.18, 4.81) 100.00

0.0356           1              28.1

Study
ID WMD (95% CI) % Weight

Aly et al [23] -5.00 (-11.57, 1.57)     2.73
Eom et al [28] -2.00 (-3.86, -0.14)   34.14
Casadei et al [26] -3.00 (-4.37, -1.63)   63.13
Overall (I 2 = 0.0%, P  = 0.549) -2.71 (-3.80, -1.63) 100.00

-11.6             1              11.6

Study
ID   RR (95% CI) % Weight

Eom et al [28] 1.50 (0.36, 6.29)     6.71
Vijan et al [31] 1.00 (0.60, 1.66)   57.9
Casadei et al [26] 1.00 (0.15, 6.48)     5.04
Baker et al [24] 1.01 (0.52, 1.96)   30.35
Overall (I 2 = 0.0%, P  = 0.963) 1.04 (0.71, 1.52) 100.00

0.154            1              6.84

C

B

A

Figure 3  The pooled data. A: The spleen-preserving rate of laparoscopic distal pancreatectomy (LDP) was significantly higher than open distal pancreatectomy (ODP) 
[random effects model, RR 2.380 (1.177, 4.812), P = 0.016, I2 = 73.2%]; B: Postoperative hospital stay was significantly shorter in LDP than in ODP [random effects 
model, WMD -2.713 (-3.799, 1.628), P = 0.00]; C: The proportion of malignant tumors showed no significant difference between LDP and ODP [fixed effects model, 
RR 1.036 (0.708, 1.516), P = 0.000, I2 = 0%]. Weights are from random effects analysis. CI: Confidence interval; RR: Risk ratio; WMD: Weighted mean differences.

Table 3  Technical details of spleen-preservation

Ref. Spleen preserving % Technical details

LDP ODP

Aly et al[23] 32.5 8.6 Both procedures, spleen vessel ligation were performed, leaving the short gastric vessels to supply the spleen 
(Warshaw)

Baker et al[24] NA In ODP, the benign and premalignant pathology, the spleen was routinely saved by means of the splenic vein 
and artery preserved

In LDP, splenic salvage by means of Warshaw: ligating the splenic artery and vein but preserve the short 
gastric vessel

Butturini et al[25] 44.2 11.0 Both procedures, exposing the splenic vein up to the splenic hilum; the distal pancreas was detached from the 
splenic artery in the opposite direction by tractioning the parenchyma

Casadei et al[26] NA Mobilization of the distal pancreas from retroperitoneum and splenic vessels
DiNorcia et al[27] 15.5 15.6 For spleen preserving distal pancreatectomy, an attempt to spare the splenic artery and vein was made in all 

patients
Eom et al[28] 41.9 NA For spleen preserving distal pancreatectomy, both the splenic artery and vein were preserved
Jayaraman et al[29] 18.9 14.0 When splenic preservation was performed, the splenic vein and artery were isolated
Kim et al[30] 40.9 5.70 In spleen preserving distal pancreatectomy, both the splenic artery and vein were preserved. In one case, the 

splenic artery was ligated with preservation of splenic vein. In the other case, both the splenic artery and vein 
were ligated, with preservation of short gastric vessels (Warshaw) 

Vijan et al[31]   25 NA If splenic preservation is indicated, the pancreas is dissected off the splenic vessels

LDP: Laparoscopic distal pancreatectomy; ODP: Open distal pancreatectomy; NA: Not available.
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intake and hospital stay, and less blood loss, low conver-
sion rate and high spleen-preservating rate. These indica-
tors have demonstrated the safety and feasibility of  the 
laparoscopic procedures. In this meta-analysis, the opera-
tive time of  LDP was longer than ODP (WMD 44.947, 
P = 0.005), but a recent research showed that operative 
time is becoming shorter with the improved expertise 
of  surgeons[17]. And the time to fluid intake and post-
operative hospital stay were also shorter in LDP than in 
ODP (WMD -0.948, P = 0.042) and (WMD -2.713, P 
= 0.00). Blood loss estimate was not conducted in this 

study because of  different numeric types. The results of  
the included articles showed that blood loss was less in 
LDP than in ODP, which were similar with other litera-
tures[18,19]. In addition, conversion rate of  LDP from the 
pooled data showed a low level of  14% in 714 LDPs be-
cause of  severe bleeding and abdominal adhesion[14].

The rate of  spleen-preservation ranged from 15.5% to 
44.2% in LDP and from 5.7% to 15.6% in ODP as shown 
in Table 3. Kimura method was more frequently used as 
compared with Warshaw method used when intraopera-
tive bleeding, adhesion, and blood vessels embedded by 
the tumors occurred. Effects of  the two surgical methods 
have long been a concern. Rodriguez et al[36] retrospective-
ly reported Kimura method used in 185 cases compared 
with Warshaw method in 74 cases of  LDP from 1994 to 
2004; the two groups had no statistically significant differ-
ence in occurrence of  ascites (9% vs 8%), intra-abdominal 
abscess (14% vs 8%), pancreatic leakage (33% vs 36%) and 
incision complications (10% vs 8%). Although Warshaw 
method was proved to be sufficiently safe[37,38], due to indi-
vidual differences of  the short gastric vessels, spleen relied 
entirely on the short gastric blood vessels which inevitably 
brought some uncertainties. In the event of  severe splenic 
infarction, reoperation was often required. So spleen-
preservation by Kimura method was widely accepted in 
LDP, but under some special conditions, such as bleeding, 
adherent tumor and difficult anatomy, Warshaw method 
could elevate the spleen-preserving rate. In this meta-

Table 4  Technique of pancreatic stump closure

Ref. Technique description

Aly et al[23] LDP The pancreatic parenchyma was transected using a laparoscopic linear stapler
ODP The pancreatic parenchyma was transected using a scalpel, and the main pancreatic duct was ligated using nonabsorbable 

sutures. The pancreatic stump was closed with fish-mouth sutures. A linear stapler was used to transect the pancreatic 
parenchyma

Baker et al[24] LDP The gland was divided by one of 3 mechanisms: vascular stapler, harmonic scalpel, or harmonic scalpel following ablation at 
the pancreatic resection margin with the Habib 4*3 microsealer device

ODP Directly ligate the pancreatic duct when visible with a monofilament absorbable suture. The neck of the gland was oversewn 
with nonabsorbable monofilament suture

Butturini et al[25] LDP The pancreatic body was transected by a linear endostapler
ODP Pancreatic parenchyma was sharply transected. The main pancreatic duct was closed with nonabsorbable sutures 

(polypropylene 4/0). Subsequently the pancreatic stump was oversewn with interrupted mattress nonabsorbable sutures or 
closed using a linear stapler

Casadei et al[26] LDP The pancreas was divided at the neck using an endo-GIA instrument
ODP The pancreas was divided using GIA 55

DiNorcia et al[27] LDP Sutures, staples, sutures and staples combined, or staples with bioabsorbable staple-line reinforcement
ODP

Eom et al[28] LDP The pancreas was transected using the 48- or 35-mm vascular endoscopic linear stapler
ODP The pancreatic parenchyma was divided using a blade and electrocautery. The main pancreatic duct was ligated with 

nonabsorbable sutures, and the transected pancreas was occluded with interlocking interrupted mattress sutures of 4-0 black 
silk and reinforced with 4-0 polypropylene

Jayaraman et al[29] LDP The pancreas was stapled using a vascular stapler with or without a Seamguard attachment
ODP Ligate pancreas with staples, or via suture ligation, or a combination of techniques

Kim et al[30] LDP For pancreatic transaction, straight endoscopic linear staplers of various sizes (staple height, 3.5-4.2 mm) were used according 
to the thickness or hardness of the pancreas. Four or five small titanium clips were applied along the stapling line

ODP The pancreatic stump underwent main duct ligation, multiple suture ligation of the branch duct exposed at the resection 
margin, and reinforcement of the mattress suture to the pancreas stump

Vijan et al[31] LDP The pancreatic parenchyma is divided with the harmonic scalpel (preferred) or with an Endo GIA stapler
ODP NA

LDP: Laparoscopic distal pancreatectomy; ODP: Open distal pancreatectomy; NA: Not available; GIA: Gastrointestinal incision anastomose.
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Figure 4  Begg’s test showing no publication bias of pancreatic fistula oc-
currence. 
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analysis, five articles described the spleen-preserving DP, 
the pooled data showed that the spleen-preserving rate of  
LDP was significantly higher than that of  ODP (RR 2.380, 
P = 0.016, I2 = 73.2%). Although there was moderate 
heterogeneity, spleen-preservation occurred more often in 
LDP. The reasons for the high spleen-preserving rate in 
LDP may be as follows: (1) surgeons in different stages of  
learning curve may achieve different clinical outcomes. In 
the early period, because of  the immature LDP technique, 
especially laparoscopic vascular treatment, fewer cases 
of  LSPVP were performed; and (2) many cases of  ODP 
without spleen-preservation were included in each study, 
leading to a low spleen-preservation rate of  ODP.

PF was the most important complications after DP 
which resulted in serious consequences such as extended 
hospital stay, poor quality of  life, even intra-abdominal 
bleeding, and infection. Although at some high-volume 
centers, PF after DP has declined over the past decade, 
the incidence of  PF still kept from 5% to 30%[39-41]. In 
this study, a large variation in the PF rate was recorded, 
ranging from 8.1% to 27.9% in LDP and 6.5% to 18.2% 
in ODP. The major reason for the variability may be lack-
ing uniform criteria for PF. The diagnostic criteria of  PF 
were generally based on clinical signs and laboratory in-
dicators, including the occurrence time, the daily amount 
of  leakage, leakage amylase, the duration, etc. The ISGPF 
criterion[42] was most frequently used, but it failed to 
explain whether the drainage amount was related to the 
diagnosis of  PF. Because of  the lack of  different quanti-
tative indicators, other criteria were also questioned[43,44].

The original disease, pancreatic transection, pancreas 
texture, blood supply, and stump closure are factors af-
fecting the incidence of  PF. Recently, body mass index > 
25 kg/m2 was also reported contributing to the increased 
incidence of  PF after DP[45]. However, the treatment of  
pancreatic stump is a unique controllable factor for pre-
venting PF. In order to reduce the incidence of  PF, a va-
riety of  stump closure techniques were applied or used in 
combination, but the coexistence of  methods may reflect 
the lacking of  a widely accepted and effective method. 
In this study, stapler was used in LDP while both sta-
pler/scalpel + suture were used in ODP. The surgeons 

could choose different staplers according to the pancre-
atic texture and size in LDP. And in some groups, small 
titanium clips were applied along the stapling line[30] and 
fibrin glue was splashed over the pancreatic stump in an 
attempt to prevent PF and postoperative bleeding[23,24,27,30]. 
Subset analysis could not be accomplished as no detailed 
data was available. A published meta-review analyzed 
16 articles with 2286 patients who underwent DP and 
compared the preventive effect for PF between 671 cases 
with stapler closure and 1615 cases with suture closure. 
The results showed no significant differences between 
suture and stapler closure of  the pancreatic remnant with 
respect to the PF or intra-abdominal abscess[46]. Likewise, 
the pooled data of  this study showed no significant dif-
ference both in the incidence of  PF (RR 0.996, P = 0.983) 
and overall morbidity between LDP and ODP (RR 0.81, 
P = 0.178). 

The authentication strength of  this study may be af-
fected by the following factors: (1) publication bias: some 
gray literatures which contained negative results were 
difficult to obtain because most authors tended to show 
positive results; (2) grouping bias: notwithstanding the 
literatures dealing with significantly different diseases 
and surgical methods have been excluded in this study, in 
practice, patients should be grouped inevitably according 
to the disease condition and surgeons’ choices; and (3) 
observation bias: due to the varied measurement methods 
used by different authors, significantly different results 
were almost inevitable in the non-RCT or non-blind RCT 
studies.

In summary, LDP has shown the advantages of  intra-
operative effects, rapid recovery and spleen-preservation 
for benign and borderline tumors. But the superiority has 
not been displayed in preventing the overall morbidity 
and occurrence of  PF. Thus, the RCT studies with a large 
sample size should be conducted and new surgical tech-
niques should be introduced in future studies.

COMMENTS
Background
Laparoscopic distal pancreatectomy (LDP) is becoming a primary treatment 

Study
ID RR (95% CI) % Weight

Aly et al [23] 0.64 (0.29, 1.40)     9.21
Baker et al [24] 1.05 (0.59, 1.86)   13.03
Butturini et al [25] 1.08 (0.73, 1.61)   16.97
DiNorcia et al [27] 0.64 (0.43, 0.96)   16.78
Eom et al [28] 1.47 (0.77, 2.80)   11.52
Jayaraman et al [29] 0.37 (0.21, 0.66)   13.08
Kim et al [30] 0.79 (0.43, 1.44)   12.34
Casadei et al [26] 1.00 (0.38, 2.62)     7.08
Overall (I 2 = 55.6%, P  = 0.027) 0.81 (0.60, 1.10) 100.00

0.212                   1                    4.73

Figure 5  There was no significant difference in overall morbidity between laparoscopic distal pancreatectomy and open distal pancreatectomy [random 
effects model, risk ratio 0.81 (0.596, 1.101), P = 0.178, I2 = 55.6%] and there was moderate heterogeneity. Weights are from random effects analysis. CI: Confi-
dence interval; RR: Risk ratio. 
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modality for benign or borderline tumors of distal pancreas. But due to the high 
postoperative morbidity and a high level of laparoscopic technical requirements 
and extensive experiences in open pancreatic surgery, the progression of LDP 
was considerably restricted.
Research frontiers
Recently, several studies have shown shorter hospital stay and operative time 
and less intraoperative blood loss in LDP. But the efficacy of LDP compared 
with open distal pancreatectomy (ODP) required further assessment. 
Innovations and breakthroughs
Pancreatic fistula (PF) and spleen-preservation in LDP have been the major 
concern after the surgery. What the role of “laparoscopy” in the spleen preser-
vation and PF prevention is unclear. In this meta-analysis, the authors pointed 
out that LDP has the advantages of shorter hospital stay and operative time, 
more rapid recovery and higher spleen-preserving rate compared with ODP. 
Applications
Due to a relatively low incidence of left pancreas diseases, fewer LDP studies 
with a large sample size have been published. Especially the RCT clinical study, 
which is the ideal object of meta-analysis, is extremely difficult to accomplish. 
This meta-analysis assessed the safety and feasibility of LDP compared with 
ODP based on the review of the literature published over the past 15 years.
Peer review
This paper is a systematic review of the laparoscopic distal pancreatectomy. 
The summary of LDP experiences and results is interesting.
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