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Laparoscopic Distal Pancreatectomy Is Associated
With Significantly Less Overall Morbidity Compared

to the Open Technique
A Systematic Review and Meta-Analysis
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Objective: To compare laparoscopic distal pancreatectomy (LDP) versus
open distal pancreatectomy (ODP) by using meta-analytical techniques.
Background: LDP is increasingly performed as an alternative approach for
distal pancreatectomy in selected patients. Multiple studies have tried to assess
the safety and efficacy of LDP compared with ODP.
Methods: A systematic review of the literature was performed to identify
studies comparing LDP and ODP. Intraoperative outcomes, postoperative re-
covery, oncologic safety, and postoperative complications were evaluated.
Meta-analysis was performed using a random-effects model.
Results: Eighteen studies matched the selection criteria, including 1814 pa-
tients (43% laparoscopic, 57% open). LDP had lower blood loss by 355 mL
(P < 0.001) and hospital length of stay by 4.0 days (P < 0.001). Overall
complications were significantly lower in the laparoscopic group (33.9% vs
44.2%; odds ratio [OR] = 0.73, 95% confidence interval [CI] 0.57–0.95), as
was surgical site infection (2.9% vs 8.1%; OR = 0.45, 95% CI 0.24–0.82).
There was no difference in operative time, margin positivity, incidence of
postoperative pancreatic fistula, and mortality.
Conclusions: LDP has lower blood loss and reduced length of hospital stay.
There was a lower risk of overall postoperative complications and wound
infection, without a substantial increase in the operative time. Although a
thorough evaluation of oncological outcomes was not possible, the rate of
margin positivity was comparable to the open technique. The improved com-
plication profile of LDP, taken together with the lack of compromise of margin
status, suggests that this technique is a reasonable approach in selected cancer
patients.

(Ann Surg 2012;255:1048–1059)

L aparoscopic surgery, with advances in instrument technology and
surgeon experience, has become widely accepted and is the stan-

dard technique for several abdominal surgical procedures.1–4 How-
ever, laparoscopic resection of pancreatic lesions has appropriately
been undertaken with more caution than certain other laparoscopic
procedures such as colon resection, probably because of the inherent
challenges faced in this procedure, such as major vessel proximity,
retroperitoneal location, and propensity for postoperative complica-
tions. In addition, pancreatic surgery is less common, making it more
difficult to develop and overcome the learning curve of the laparo-
scopic pancreas surgery.
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Shortly after the initial description of laparoscopic distal
pancreatectomy (LDP) in porcine models5 and early attempts in
humans,

6–7
several small series began to appear in the literature. Al-

though prospective, randomized trials are lacking, a growing number
of case series and multi-institutional studies have been published that
compare the safety and efficacy of LDP and open distal pancreatec-
tomy (ODP).

The aim of the present study was to evaluate the available
published literature that compares LDP with ODP and assesses the
potential advantages of each technique. We used meta-analytical tech-
niques and sensitivity analysis to compare and integrate the results of
these studies both qualitatively and quantitatively, while taking into
account variations in characteristics of the reports that can influence
the overall estimate of the outcome of interest.

METHODS
Study Selection

A systematic review of the literature was performed using the
Medline, Embase, PubMed, and Cochrane databases to identify all
studies published up to 2011 that compared LDP versus ODP. The
search terms used were “laparoscopy,” “minimally invasive,” “la-
parotomy,” “pancreatectomy,” and “comparative study.” The afore-
mentioned terms and their combinations were also searched as text
words, as were “laparoscopic,” “open,” “minimally invasive surgery,”
“distal pancreatectomy,” “left pancreatectomy,” “laparoscopic versus
open pancreatectomy,” and “minimally invasive versus open pancre-
atectomy.” The related article’s function was used to broaden the
search, and all abstracts, studies, and citations obtained were re-
viewed. References of the articles acquired were also searched by
hand. The last search was conducted on January 11, 2011.

Data Extraction
Each study was independently evaluated by 2 reviewers (R.V.

and C.L.W.) for inclusion or exclusion from the review and the follow-
ing data was extracted: first author, year of publication, characteristics
of study population, study design, indications for surgery, matching
criteria, number of subjects operated with each technique, conversion
rate from LDP to ODP, and perioperative outcomes.

Inclusion Criteria
To enter our analysis, studies had to fulfill the following: (1)

comparison of characteristics and perioperative outcomes of laparo-
scopic (with or without hand-assisted technique) to open approaches
in patients undergoing distal pancreatectomy, (2) objective evaluation
of at least one of the outcome measures mentioned below, (3) when 2
studies were reported by the same institution (and/or authors), either
the study with the larger sample size or the one of higher quality was
included. However, this was not applicable if the outcome measures
were mutually exclusive or measured at different time intervals.

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

1048 | www.annalsofsurgery.com Annals of Surgery � Volume 255, Number 6, June 2012

mailto:cwolfga2@jhmi.edu


Annals of Surgery � Volume 255, Number 6, June 2012 Distal Pancreatectomy: A Meta-Analysis

Exclusion Criteria
Studies that failed to fulfill the inclusion criteria were excluded.

In addition, the following criteria were used to exclude studies: (1)
studies in which the outcome of interest mentioned below were not
reported or if it was impossible to calculate these from the published
reports; (2) studies that focused on laparoscopic enucleation, debride-
ment, or necrosectomy and pancreatectomy for trauma; (3) studies
involving exclusively robotic procedures. However, we included the
conventional laparoscopic and open data, if presented by the same
group and/or reported in the same study; and (4) studies written in
languages other than English.

Outcomes of Interest and Definitions
LDP (including hand-assisted) and ODP were compared on the

basis of several perioperative outcomes, which ranged from operative
parameters (operative time, intraoperative blood loss, and transfusion
rate), postoperative recovery (time to ambulation, time to oral feeds,
time to flatus, and length of hospital stay), oncologic safety (lymph
node harvest and margin status), and postoperative complications
(overall complications, major complications, surgical site infections,
reoperation rate, pancreatic fistula, and mortality). The International
Study Group of Pancreatic Fistula (ISGPF)8 definition was not used
in all the included studies and variations in the definition of pancreatic
fistula are shown in Table 1.

8–9

Statistical Analysis
This meta-analysis was performed in line with recommenda-

tions from the Cochrane Collaboration and Meta-analysis of Obser-
vational Studies in Epidemiology guidelines.

10–11
Dichotomous vari-

ables were analyzed using odds ratio (OR), which represented the
odds of an event occurring in the treatment group (LDP) compared
with the reference group (ODP). An OR < 1 favored the LDP group
and the point estimate of the OR was considered statistically sig-
nificant at the P < 0.05 level if the 95% confidence intervals (CIs)
did not include the value 1. We used the Mantel-Haenszel method to
combine the OR for the outcomes of interest. Studies that contained a
zero in one cell for the number of events in one of the 2 groups were
added the Yates correction.

12–13
These “zero cells” create problems

with the computation of the OR measure and its standard error (SE).
The Yates correction involves adding the value 0.5 to each cell of the
2 × 2 table for the study in question. If there were no events in an
outcome of interest for both LDP and ODP, this study was discarded
from the analysis.

Analysis of continuous variables was done by calculating the
weighted mean difference (WMD),14 which summarizes the differ-
ence between the 2 groups, while accounting for sample size. For stud-
ies that presented continuous data as median and/or range values, the
standard deviation (SD) was calculated using statistical algorithms.15

In the tabulation of the results, squares indicate the point estimates
of the treatment effects (OR or WMD) with 95% CIs indicated by
the horizontal bars. The diamond represents the summary estimate
from the pooled studies with 95% CIs. For both continuous and di-
chotomous outcomes, a “random effect” meta-analytical technique
was used.14,16 In a random effects model, it is assumed that there
is variation between studies, and the calculated OR thus has a more
conservative value. Because patients who are operated at different
centers may have varying risk profiles and varying selection criteria
for each surgical technique, the random effects model was chosen to
take this heterogeneity into account.

A qualitative assessment of the studies was done on the basis
of the Newcastle-Ottawa Scale17 and the Quality Assessment Tool for
Systematic Reviews of Observational Studies18 with some modifica-
tions to match the needs of this study. Three factors were examined to

evaluate the quality of each study, which included patient selection,
comparability of the study groups, and assessment of the outcome.
A score of 0 to 9 was assigned to each study and studies achieving a
score of 6 or greater were considered high quality.

Assessment of heterogeneity was done by performing a sensi-
tivity analysis using the following groups: (1) all studies, (2) study
size (more than 20 patients in each arm), (3) studies that matched
the treatment groups on clinicopathological factors, (4) studies of
high quality (quality score ≥ 6), and (5) prospective studies or retro-
spective reviews of prospectively maintained database. Analysis was
conducted using the statistical software Review Manager Version 5.0
(The Cochrane Collaboration, Software Update, Oxford, London) and
Intercooled Stata Version 11.0 (StataCorp, College Station, TX)

RESULTS
Selected Studies

A total of 818 potential articles published up to 2011 were
identified from literature searches. After elimination of 218 dupli-
cates, 600 articles remained. Of these, 30 articles were selected based
on their titles and abstracts, and a full examination of the text was
performed. Eighteen studies matched the selection criteria and were
suitable for meta-analysis19–36 (Fig. 1). Studies included purely ret-
rospective reviews (n = 10), retrospective reviews of prospectively
maintained data (n = 7), and a combination of both (n = 1). There
were no randomized controlled trials comparing the 2 procedures. A
total of 1814 subjects were analyzed, of which 773 (43%) underwent
LDP and 1041 (57%) ODP. On review of the data extraction, there
was 100% agreement between the 2 reviewers.

The characteristics of these studies are summarized in Table 1.
All studies had a recent year of publication (2006 or later) and 10
studies contained at least 20 patients in both LDP and ODP groups. A
conversion rate was reported in 14 studies (range: 0%–30%). Match-
ing criteria or the parameters used to match the laparoscopic and the
open groups were variable, and all but 8 studies used some form of
clinically important matching. Although the conversion rate was re-
ported in majority of the studies, information on whether an intention
to treat analysis was done or not, was either absent or too heteroge-
neous. The data were hence analyzed as reported by the authors. The
results from meta-analysis of the studies with regard to operative pa-
rameters, postoperative recovery, oncologic safety, and postoperative
complications are summarized later.

Operative Parameters
Fifteen studies reported operative times (Figure 2).19–25,27–33,36

The mean operative time in the LDP group was 10.23 minutes higher
than in the ODP group, although this difference was not statistically
significant (95% CI −7.12 to 27.59, P = 0.25). Operative blood
loss was reported in 13 studies19–23,25,28–33,36 and transfusion rate
was reported in 6 studies24,27,29–32 Meta-analysis showed that blood
loss was significantly lower in the LDP group than in the ODP by
354.98 mL (95% CI −529.29 to −180.66, P < 0.001). LDP was also
associated with significantly lower odds of blood transfusion than
ODP (OR = 0.23, 95% CI 0.07–0.72, P = 0.01).

Postoperative Recovery
Meta-analysis of 17 reports19–25,27–34,36 (Figure 3) showed that

LDP had a significantly lower length of hospital stay than did ODP
by 4.05 days (CI −5.37 to −2.73, P < 0.001). Time to oral intake,
reported in 5 studies,

19,22,27,29,31
was significantly lower for LDP than

for ODP patients by 1.53 days (95% CI −2.54 to −0.52, P = 0.003).
LDP also had a lower time to first flatus after surgery, compared to
ODP by 1.25 days, although this was marginally significant (CI −2.59
to 0.09, P = 0.07).
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TABLE 1. Study Characteristics

Cases

Reference (Year)
Study
Type LDP ODP

Conversion
Rate (%) Matching

Mean Age
(Years)

(LDP/ODP)
Exclusion
Criteria

Definition of
Postoperative

Pancreatic Fistula Study Quality

Velanovich (2006) R 15 15 20.0 1,2,6 NR/NR None specified Amylase rich fluid of
any amount after

POD 3

∗∗∗∗

Misawa (2007) R 8 9 0 5,6 48/61 Malignant lesions NR ∗∗∗∗∗∗
Tang (2007) RP 9 5 NR 6 61/68 Malignant lesions NR ∗∗∗∗∗
Teh (2007) R 12 16 16.0 No 53/51 Malignant lesions Amylase >1000 U/L

after POD 3

∗∗∗∗∗∗

Bruzoni (2008) R 7 4 0 No 64/63 Splenic vessels
were not
preserved

ISGPF8 ∗∗∗∗

Eom (2008) R 31 62 NR 1,2,6 47/47 Tumors with high
grade malignant
potential

Drainage >30 mL
with amylase

>600U/dL after 1
week

∗∗∗∗∗

Kim (2008) R 93 35 NR 6 52/53 Malignant lesions Drainage >30 mL
with amylase >5-fold
than serum ≥ 5 days

after surgery9

∗∗∗∗∗

Kooby (2008) RP 142 200 13.0 4,6,7,8,9 59/58 None specified Amylase >350
mg/dL from surgical
drain or percutaneous

fluid drainage

∗∗∗∗∗∗∗

Matsumoto (2008) R 14 19 7.0 No 59/63 Malignant lesions Amylase > 5000 U/L
beyond POD 7

∗∗∗∗∗

Nakamura (2009) R 20 16 0 No 53/61 Invasive ductal
cancer

ISGPF grades B–C8 ∗∗∗∗∗

Baker (2009) RP 27 85 3.6 No 59/59† None specified ISGPF8 ∗∗∗∗∗∗∗
Finan (2009) R, RP‡ 44 104 4.0 No 60/55 None specified ISGPF8 ∗∗∗∗∗∗
Aly (2010) R 40 35 NR 1,3,4,5,6 47/52 Malignant lesions,

previous major
surgery

ISGPF8 grades B–C8 ∗∗∗∗∗∗

Casadei (2010) RP 22 22 0 1,2,6,7 59/62 Invasive ductal
cancer

ISGPF8 ∗∗∗∗∗∗∗∗

DiNorcia (2010) RP 71 192 25.3 No 58/60 None specified ISGPF8 ∗∗∗∗∗∗
Jayaraman (2010) RP 100 100 30 1,4,6 NR/NR None specified ISGPF8 ∗∗∗∗∗∗∗
Vijan (2010) R 100 100 4 1,6,8 59/59† None specified ISGPF8 ∗∗∗∗∗∗
Waters (2010) RP 18 22 11 No 59/59 Concurrent major

surgery
Not stated ∗∗∗∗∗

Matching: 1: age; 2: gender; 3: BMI; 4: size of tumor; 5: location of lesion; 6: pathologic diagnosis; 7: ASA (American Society of Anesthesiologists) score; 8: resected
pancreas length; 9: tumor type (solid/cystic/pancreatitis)

†Laparoscopic converted to open cases were excluded from analysis.
‡Data from 2005 onwards was maintained in a prospective database.
NR indicates not reported; P, prospective; R, retrospective; RP, retrospective evaluation of prospectively collected data.

Oncologic Parameters
Eleven studies reported malignant histology in both laparo-

scopic and open groups.20,22–26,28,31,34–36 However, only 4 studies
reported margin status (Figure 4).23,26,28,36 On pooling the results,
there was no significant difference between LDP (15 of 331, 4.5%)
and ODP (45 of 514, 8.8%) with respect to positive margins at the
resection line (OR = 0.59, 95% CI 0.23–1.50, P = 0.27).

Data on total lymph nodes examined were reported in 4
studies.20,23,26,36 Baker et al reported a significantly higher mean
total lymph node count of 9.4 (SE: 1.2) with ODP compared to 5.2
(SE: 1.4) with LDP (P = 0.04). Waters et al showed similar results
(median lymph nodes, ODP: 14 vs LDP: 11), although marginally
significant (P = 0.06). DiNorcia et al23 reported no difference in total
lymph node extraction (ODP: Median 8.0, IQR [interquartile range]
3.0–13.0, vs LDP: Median 6.0, IQR 2.5–12.0, P = 0.29). Jayaraman
et al26 also reported no difference (P = 0.4) in total lymph node counts

between ODP (median 5) and LDP (median 6). It was not possible
to do a meta-analysis of these outcomes as the SD and/or the mean
could not be obtained or computed from the reports.

Postoperative Complications
All 18 studies reported the overall incidence of postopera-

tive morbidity (Figure 5). Meta-analysis showed a significantly lower
incidence of overall morbidity of 33.9% (262 of 773) in LDP ver-
sus 44.2% (460 of 1041) in the ODP group (OR = 0.73, 95% CI
0.57–0.95, P = 0.02). Eleven studies reported surgical site infec-
tion rate.19,24–25,27–29,31–35 Meta-analysis showed a significantly re-
duced incidence of surgical site infection of 2.9% (15 of 520) in LDP
compared with 8.1% (49 of 607) in the ODP group (OR = 0.45,
95% CI 0.24–0.82, P = 0.009). Three studies reported readmission
rates,23,25–26 with none individually showing a significant difference
between the 2 groups. Meta-analysis showed a significantly reduced
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FIGURE 1. Results of systematic search of the literature.

readmission rate of 12.6% (27 of 215) in LDP versus 17.7% (70 of
396) in ODP (OR = 0.58, 95% CI 0.35–0.96, P = 0.03). Reopera-
tion rates were reported in 5 studies.23,26,28,32–33 Both LDP (7 of 334,
2.1%) and ODP (16 of 513, 3.1%) had similar rates of reoperation
(OR = 0.78, 95% CI 0.28–2.18, P = 0.63). There was no signifi-
cant difference in the perioperative mortality between LDP (3 of 766,
0.4%) and ODP (13 of 1037, 1.2%, P = 0.43), from data available
from 17 studies.19–20,22–36

All 18 studies reported the incidence of pancreatic fistula; how-
ever, the definition and the reported severity were variable (Table 1).
Meta-analysis of all studies showed no difference in the overall
pancreatic fistula rates between the 2 groups (OR = 0.89, 95% CI
0.69–1.15, P = 0.38). Nine studies used the ISGPF definition for
pancreatic fistula. After excluding 2 studies that reported only fistula
grades B–C,19,31 a meta-analysis of 7 studies showed that there is
no difference in pancreatic fistula rates (grades A, B, and C; ISGPF
definition) between LDP (71 of 371, 19.1%) and ODP (121 of 607,
19.9%, OR = 1.06, 95% CI 0.75–1.51, P = 0.73). Although LDP
had lower incidence (45 of 360, 12.5%) of clinically significant pan-
creatic fistula (grades B–C, ISGPF definition) than ODP (74 of 474,
15.5%); this result was not statistically significant (OR = 0.73, 95%
CI 0.47–1.12, P = 0.15).

Sensitivity Analysis
Sensitivity analyses address robustness of the findings obtained

from meta-analysis. They involve comparing the results of 2 or more
meta-analyses calculated using different assumptions, that is, they
test whether the assumptions or decisions made during the course of
the review have a major effect on the results. The sensitivity analysis
(Table 2) included the following: (1) 10 studies with more than 20
patients in a treatment arm, (2) 10 studies that matched the treatment
groups on clinicopathological factors, (3) 10 studies of high quality
(quality score of 6 or more using the modified Newcastle-Ottawa scale
and the Quality Assessment Tool for Systematic Reviews of Observa-
tional Studies score), and (4) 8 retrospective reviews of prospectively
maintained database. Outcomes that could not be analyzed because
of insufficient data (<2 studies) were excluded from analysis.

Study Size
Operative blood loss and length of hospital stay remained

significantly lower in the laparoscopic group by 363.93 minutes
(P = 0.003) and 3 days (P < 0.001), respectively. There remained
a significantly lower risk of overall complications (OR = 0.73, P =
0.01), surgical site infections (OR = 0.43, P = 0.01), and readmission
(OR = 0.58, P = 0.03) with LDP. In contrast, there was no significant
difference in transfusion rates between the groups (P = 0.28). The
remainder of the outcomes were not statistically different between
the 2 groups, including margin status (P = 0.41), operative time (P
= 0.30), mortality (P = 0.43), and pancreatic fistula (P = 0.20, 0.50,
and 0.77 for any fistula; ISGPF grades A–C; and ISGPF grades B–
C, respectively). There was generally a reduction in the degree of
heterogeneity between the studies.

Matched Treatment Groups
Operative time was significantly higher in the laparoscopic

group by 27.35 minutes (P = 0.03). The rate of transfusion, overall
complications, and readmissions became nonsignificant (P = 0.12, P
= 0.08, P = 0.17, respectively). The other variables remained similar
to the original LDP versus ODP analysis. Heterogeneity was once
again reduced.

High Study Quality (Quality Score ≥ 6)
Time to oral intake became nonsignificant (P = 0.91). Trans-

fusion rate could not be assessed because of insufficient data. The
remainder of the results were similar to the original analysis and
heterogeneity was reduced, in general.

Prospectively Collected Data
Transfusion rate and time to oral feeds were not estimable.

Rate of surgical site infection became nonsignificant (P = 0.35).
The other outcomes showed similar results as the original analysis.
Heterogeneity was once again reduced.

DISCUSSION
During the past decade, the evolution of minimally invasive

approaches represents one of the most significant advances in the
field of surgery. The laparoscopic approach to certain procedures
has been associated with a reduction in postoperative pain, mor-
bidity, faster recovery, and early discharge compared to the open
counterpart.1–4,37,38 LDP was first described by Cuschieri et al6 in
the mid 1990s and has rapidly expanded in application over the last
decade. Initial evidence in support of the laparoscopic approach was
mostly in the form of single institution case series and thus limited
by their sample size and the absence of comparison groups.7,39–45 Al-
though randomized studies are lacking, there has been a recent surge
in the number of case series and multi-institutional studies that have
been published, comparing the safety and efficacy of the laparoscopic
and open approach. Only 2 reviews were previously published on this
topic.46,47 Briggs et al48 performed a systematic review of minimally
invasive pancreatic resection and described morbidity and mortality
with laparoscopic enucleation, distal pancreatectomy, and pancreati-
coduodenectomy. A meta-analysis, comparing laparoscopic and open
procedures was however not performed. Nigri et al49 performed the
first meta-analysis comparing LDP with ODP with 10 studies and 729
patients. They reported lower blood loss, shorter time to oral intake,
shorter length of hospital stay, and lower incidence of overall compli-
cations, surgical site infections, and pancreatic fistula. There was no
difference in mortality and reoperation rates. However, they did not
assess the quality of the included studies and did not assess for the
risk of bias in their analysis using techniques such as sensitivity and
subgroup analyses. Moreover, since then, there have been 8 additional
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TABLE 2. Sensitivity Analysis Comparing LDP Versus ODP

Outcome No. Studies No. Patients

Outcomes by
Group (%)
(LDP, ODP) OR/WMD 95% CI P HG χ2 HG P

(1) Analysis by sample size
Operative parameters

Operative time (min) 8 1205 – 11.46 − 10.06 to 32.97 0.30 64.55 <0.001
Blood loss (mL) 6 984 – − 363.93 − 601.09 to −126.78 0.003 1647.48 <0.001
Transfusion rate 2 221 2.4, 8.2 0.41 0.08 to 2.07 0.28 0.41 0.52

Postoperative recovery
Length of hospital stay (d) 9 1405 – − 3.00 − 4.54 to −1.46 <0.001 214.81 <0.001
Time to oral intake (d) 3 247 – − 1.03 − 1.97 to −0.08 0.03 8.49 0.01

Oncologic safety
Margin status 3 805 4.8, 8.7 0.63 0.21 to 1.89 0.41 4.11 0.13

Postoperative complications
Overall complications 10 1605 36.7, 46.4 0.73 0.58 to 0.93 0.01 10.33 0.32
Surgical site infection 6 986 2.9, 8.2 0.43 0.23 to 0.83 0.01 4.27 0.51
Readmission 3 611 12.6, 17.7 0.58 0.35 to 0.96 0.03 0.86 0.65
Reoperation 3 805 2.2, 3.2 0.78 0.28 to 2.18 0.63 2.40 0.30
Mortality 10 1605 0.4, 1.4 0.63 0.19 to 2.02 0.43 3.05 0.69
Any pancreatic fistula 10 1605 18.4, 21.4 0.91 0.70 to 1.19 0.50 4.89 0.84
Pancreatic fistula (ISGPF

definition, grade A, B, or C)
6 967 19.2, 20.1 1.06 0.74 to 1.50 0.77 2.34 0.80

Pancreatic fistula (ISGPF
definition, grades B–C)

5 798 13.2, 15.7 0.75 0.49 to 1.16 0.20 1.21 0.88

(2) Analysis by matching treatment
groups

Operative parameters
Operative time (min) 7 713 – 27.35 2.95 to 51.75 0.03 19.61 0.003
Blood loss (mL) 5 492 – − 241.07 − 441.31 to −40.84 0.02 29.74 <0.001
Transfusion rate 4 252 2.1, 9.0 0.34 0.09 to 1.31 0.12 0.66 0.88

Postoperative recovery
Hospital length of stay (d) 9 943 – − 3.09 − 4.05 to −2.31 <0.001 12.97 0.11
Time to oral intake (d) 3 247 – − 1.03 − 1.97 to −0.08 0.03 8.49 0.01

Oncologic safety
Margin status 2 542 5.4, 6.0 0.96 0.45 to 2.02 0.91 0.30 0.59

Postoperative complications
Overall complications 10 1143 34.2, 42.4 0.77 0.57 to 1.03 0.08 10.51 0.31
Surgical site infection 7 882 2.8, 8.8 0.37 0.19 to 0.74 0.005 2.74 0.74
Reoperation 3 556 1.2, 2.9 0.39 0.10 to 1.51 0.17 0.17 0.68
Mortality 10 1143 0.5, 0.7 0.88 0.16 to 4.77 0.88 2.23 0.33
Any pancreatic fistula 10 1143 16.2, 20.1 0.84 0.62 to 1.15 0.29 4.44 0.88
Pancreatic fistula (ISGPF

definition, grade A, B, or C)
3 444 15.3, 15.3 1.00 0.60 to 1.69 0.99 0.91 0.63

Pancreatic fistula (ISGPF
definition, grades B–C)

2 275 14.3, 16.3 0.86 0.44 to 1.66 0.65 0.15 0.70

(3) Analysis by study quality (quality
score≥ 6

Operative parameters
Operative time (min) 9 1040 – 6.90 − 15.11 to 28.91 0.54 65.01 <0.001
Blood loss (mL) 8 1029 – − 383.08 − 594.80 to −171.36 <0.001 1662.46 <0.001

Postoperative recovery
Hospital length of stay (d) 9 1229 – − 3.32 − 4.92 to −1.72 <0.001 213.92 <0.001
Time to oral intake (d) 2 119 – 0.17 − 2.70 to 3.03 0.91 4.27 0.04

Oncologic safety
Margin status 2 542 5.4, 6.0 0.96 0.45 to 2.02 0.91 0.30 0.59

Postoperative complications
Overall complications 10 1429 37.8, 48.5 0.67 0.52 to 0.86 0.002 10 0.35
Surgical site infection 5 843 3.2, 9.7 0.41 0.19 to 0.88 0.02 4.44 0.35
Readmission 3 611 12.6, 17.7 0.58 0.35 to 0.96 0.03 0.86 0.65
Reoperation 3 805 2.2, 3.2 0.78 0.28 to 2.18 0.63 2.40 0.30
Mortality 10 1429 0.5, 1.5 0.63 0.19 to 2.02 0.43 3.05 0.69
Any pancreatic fistula 10 1429 20.0, 22.5 0.91 0.69 to 1.20 0.52 4.92 0.84
Pancreatic fistula (ISGPF

definition, grade A, B, or C)
6 967 19.2, 20.1 1.06 0.74 to 1.50 0.80 2.34 0.80

Pancreatic fistula (ISGPF
definition, grades B–C)

5 798 13.2, 15.7 0.75 0.49 to 1.16 0.20 1.21 0.88

(continues)

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

1052 | www.annalsofsurgery.com C© 2012 Lippincott Williams & Wilkins



Annals of Surgery � Volume 255, Number 6, June 2012 Distal Pancreatectomy: A Meta-Analysis

TABLE 2. (Continued)

Outcome No. Studies No. Patients

Outcomes by
Group (%)
(LDP, ODP) OR/WMD 95% CI P HG χ2 HG P

(4) Studies conducted using
prospectively collected data

Operative parameters
Operative time (min) 7 963 – − 3.26 − 23.27 to 16.76 0.75 42.34 <0.001
Blood loss (mL) 7 963 – − 392.44 − 630.21 to −154.67 0.001 1650.31 <0.001

Postoperative recovery
Hospital length of stay (d) 7 963 – − 2.55 − 4.42 to −0.68 0.007 208.42 <0.001

Oncologic safety
Margin status 4 845 4.5, 8.8 0.59 0.23 to 1.50 0.27 4.61 0.20

Postoperative complications
Overall complications 8 1163 36.7, 47.8 0.69 0.51 to 0.93 0.01 8.26 0.31
Surgical site infection 3 504 5.1, 11.3 0.53 0.14 to 1.99 0.35 2.58 0.11
Readmission 3 611 12.6, 17.7 0.58 0.35 to 0.96 0.03 0.86 0.65
Reoperation 4 819 2.2, 3.3 0.78 0.28 to 2.18 0.63 2.40 0.30
Mortality 8 1163 0, 1.6 0.35 0.09 to 1.39 0.14 0.51 0.97
Any pancreatic fistula 8 1163 21.8, 23.6 0.92 0.68 to 1.25 0.60 4.56 0.71
Pancreatic fistula (ISGPF

definition, grade A, B, or C)
5 767 20.1, 20.7 1.07 0.72 to 1.61 0.73 2.31 0.68

Pancreatic fistula (ISGPF
definition, grades B–C)

3 523 12.5, 15.5 0.68 0.38 to 1.21 0.19 0.79 0.67

Statistically significant results are shown in bold.
HG, heterogeneity between studies.

studies that have been published with a large sample size and good
quality. The present review brings this work up to date and provides
a comprehensive view of the safety and efficacy of LDP compared
with ODP, while taking into account variations in the characteristics
of the reports that can influence the overall estimate of the outcome
of interest.

We included 1814 patients, 773 (43%) of whom underwent
LDP and 1041 (57%) underwent ODP. Such a large sample group
would otherwise be impossible to accumulate in a reasonable length of
time. The results of this meta-analysis of 18 studies (purely retrospec-
tive and retrospective reviews of prospectively maintained databases)
suggest that patients undergoing LDP, compared to ODP, have lower
blood loss and better postoperative recovery, in terms of reduced hos-
pital length of stay and time to oral intake. There was also a lower
risk of overall complications and surgical site infections with the la-
paroscopic approach. Although only 3 studies reported readmission
rates, there was a significantly lower incidence of readmission with
laparoscopic than with open surgery. No significant differences were
observed in the pancreatic fistula rates and the postoperative mortal-
ity. It was interesting to note that LDP had no significant difference in
the operative time and margin positivity. However, a comprehensive
evaluation of oncologic safety could not be done because of limited
or inadequate data for meta-analysis on lymph node status.

Analysis of intraoperative parameters showed that the mean
blood loss in LDP was significantly lower than in ODP by 355 mL
and LDP was also accompanied by fewer transfusion requirements
(1.7% vs 11.6%). The lower blood loss was consistently observed in
all the sensitivity analyses, conducted using sample size, matching of
treatment groups, study quality, and prospective studies and ranged
from 242 mL to 392 mL in favor of the laparoscopic resection, while
retaining its statistical significance. We acknowledge that both be-
nign and malignant tumors were included in the analysis, and this
may have confounded the intraoperative blood loss when including
all the studies. It was interesting to note that even after excluding
studies that did not match for clinicopathological factors in our sen-
sitivity analysis, LDP continued to have a lower blood loss than ODP.

The difference in the transfusion rates was an isolated finding, only
observed in the overall analysis and not in any subsequent sensitivity
analysis. This may be because only 6 studies reported these data.
Although the perception of a laparoscopic procedure taking longer
than its open equivalent is generally accepted, considering the in-
creased instrumentation used during the surgery and the setup time
involved, it was surprising to observe that the mean operative time
in ODP was only 10 minutes longer than LDP, when including all
the studies. When analyzing large, high quality, and prospective stud-
ies, there remained no difference in the operative time between the 2
groups; however, on analysis excluding studies with unmatched treat-
ment groups, ODP had a higher operative time by 27 minutes, which
was statistically significant. Ultimately, the length of the operation
is unlikely to be the true benefit of laparoscopic surgery, rather the
earlier recovery, shorter length of hospital stay, and smaller surgical
wounds.

With respect to postoperative recovery, LDP patients were dis-
charged, on average, 4.0 days earlier and started oral feeds 1.5 days
earlier than ODP patients. The reason for this substantial difference
may be related to the lower wound pain, rate of ileus, morbidity, and
infection rate, all of which may impair a patient’s readiness for dis-
charge after a major operation. The difference in the length of stay
varied from 2.5 days to 3.3 days in all the sensitivity analyses and
remained statistically significant. Time to oral intake was reported in
only 5 studies and remained significantly lower in LDP when includ-
ing large studies and studies with matched treatment groups in the
sensitivity analysis.

Although studies have evaluated LDP for benign pancreatic
lesions,33,41,45,50 the role of the laparoscopic approach for malig-
nant tumors remains controversial, with concerns about long-term
survival rate, margin positivity rate, and lymph node retrieval. Al-
though 11 studies20,22–26,28,31,34–36 reported both benign and malig-
nant histology in their treatment groups, only 4 evaluated the margin
status,23,26,28,36 which was seen to be not significantly different in
the overall or subgroup analyses. Lymph node retrieval was evalu-
ated in 4 studies,20,23,26,36 with variable results; however, these data
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FIGURE 2. Meta-analysis of intraoperative outcomes: (A) operative time, (B) blood loss, (C) transfusion rate.

were not meta-analyzable as the SD and/or the mean could not be
obtained or computed from the reports. As a result, no meaningful
conclusion on oncologic outcomes after LDP for malignancy was
possible. In 2010, Kooby et al51 published a multicenter analysis
evaluating the oncologic safety of LDP, compared to ODP for pan-
creatic adenocarcinoma. They reported no significant differences in
positive margin rates, number of nodes examined, number of patients
with at least 1 positive node, or overall survival in their matched
analysis. This study was excluded from our analysis because of over-
lap with a larger study28 by the same study group over a similar
time frame. Similar studies are warranted to evaluate the oncological
safety of LDP using meta-analytical techniques.

The rate of overall complications was significantly lower af-
ter laparoscopic surgery than after open surgery (33.9% vs 44.2%,
respectively). This was consistently observed in all the sensitivity
analyses and was marginally significant when including matched
treatment groups. Although there was a lower incidence of major
complications in LDP than in ODP, (0.5% vs 1.3%), this difference
was not statistically significant. This result should be interpreted with
caution as the definition of major complications varied across studies
and limited studies defined their complications on the basis of pre-
viously validated systems such as the Clavien-Dindo classification.52

This heterogeneity could not be adjusted for and hence this outcome
was not included in our meta-analysis. To comprehensively compare
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FIGURE 3. Meta-analysis of postoperative re-
covery: (A) length of hospital stay, (B) time to
oral intake.

FIGURE 4. Meta-analysis of oncological safety:
positive margins.

outcomes of operative techniques by meta-analysis, it is advisable
to conduct future studies using standard definitions of postoperative
outcomes.

There was a significantly lower incidence of surgical site in-
fections in LDP patients than in ODP patients (2.9% vs 8.1%). When
only studies using prospectively collected data were included, this
difference, although consistent, was not statistically significant. Re-
duced rates of surgical site infections with laparoscopic procedures
are not a novel finding as they have been demonstrated in other stud-
ies comparing laparoscopic and open approaches.4,37,53 This may be
attributable to the smaller surgical incision and the potentially dif-
ferential effects of laparoscopic and open surgery on the immune
system.54

LDP had lower readmission rates (12.6% vs 17.7%), which
were consistent in the sensitivity analyses. However, only 3 studies
had reported their readmission rates. Moreover, this result may also
have been underreported as patients who were readmitted at outside
hospitals may not have been captured in these data. There was no
difference in the rates of reoperation or mortality.

Postoperative pancreatic fistula represents a major problem
following both LDP and ODP. The ISGPF defined pancreatic fistula as
a drainage of any measurable volume of fluid on or after postoperative
day 3 with an amylase content greater than 3 times the serum amylase
activity.8 The severity was further stratified in grades A, B, and C on
the basis of clinical symptoms and interventions. This standardized

definition of pancreatic fistula was used in 9 of the 18 studies. To
eliminate this heterogeneity in the results, we compared postoperative
pancreatic fistula rates in LDP and ODP by including all studies
(16.9% vs 20.5%, respectively); ISGPF grades A, B, or C (19.1% vs
19.9%, respectively); and clinically significant pancreatic fistula or
ISGPF grades B-C (12.5% vs 15.6%). No significant differences were
observed between LDP and ODP in any of the subgroup or sensitivity
analyses.

LDP significantly reduced the operative length of stay by 4
days, having less overall complications and, in particular, wound com-
plications. At the same time, the laparoscopic procedure did not show
a significant increase in the operative time for each patient and had
better postoperative outcomes. Hence, LDP may very likely result in a
significant reduction to the overall operative cost. Unfortunately, our
data were inadequate for comparing costs associated with the 2 proce-
dures. Needless to say, this is a link that warrants further investigation
by future studies.

This meta-analysis of observational studies has several limi-
tations that must be taken into account. The strength and limitations
of meta-analytic techniques have been a source of considerable de-
bate. Patrons of these techniques would argue that meta-analyses are
excellent tools for identifying the causes of variability and incon-
sistencies in studies and the heterogeneity identified would set the
stage for further research on a given hypothesis.55 Critics of this tech-
nique argue that meta-analyses reinforce inherent systematic biases in
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FIGURE 5. Meta-analysis of postopera-
tive complications: (A) overall compli-
cations, (B) surgical site infection, (C)
readmission, (D) reoperation, (E) mor-
tality, (F) any pancreatic fistula, (G)
pancreatic fistula ISGPF grade A–C, (H)
pancreatic fistula ISGPF grades B–C.
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FIGURE 5. (Continued)

studies and produce spurious statistical stability, thereby discourag-
ing further research.56 Meta-analysis can be classified as “synthetic,”
where single fixed-effect summaries are reported and heterogeneity is
ignored and “comparative,” where heterogeneity is taken into account
and attempts are made to explain it.57 Comparative meta-analyses are
generally well accepted as an aid in critically comparing studies and

are better accepted in the medical literature as a tool to complement
qualitative reviews.58 This is particularly true when dealing with a
condition or an operation that is not performed at great frequency
at many institutions nationwide. The limitations of the current study
are as follows: First, different studies may have had slightly differ-
ent defining criteria for the outcomes of interest we were interested
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in, that may not be reported in the study methodology. We tried to
account for this heterogeneity while defining the study quality and
by performing sensitivity and subgroup analysis. Second, because of
the inclusion of nonrandomized studies, there is an inherent selection
bias in the treatment groups. Third, there is the limitation of selective
reporting and non-publication bias, which cannot be accounted for.
Finally, there was variation in the inclusion criteria, study type, and
timing of outcome assessment between studies.

In conclusion, this study suggests that LDP is a safe alternative
to the open technique. It is associated with lower blood loss and better
postoperative recovery in terms of a reduced length of hospital stay.
Moreover, this technique is not associated with an increased operative
time compared with the open procedure and has a lower risk of overall
postoperative complications and wound infection. Although a thor-
ough evaluation of short- and long-term oncologic outcomes for LDP
was not possible, the rate of margin positivity was comparable with
the open technique. The improved complication profile of LDP, taken
together with the lack of compromise of margin status, suggests that
this technique is a reasonable approach in selected cancer patients.
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